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2  PREFACE. 

the  lack  of  suggestiveness  that  usually  go  with  a  cat^orical 
treatment. 

No  doubt  text-books  of  these  two  and  of  other  types  will  be 
written.  It  is,  in  fact,  desirable  that  experiments  of  many  kinds 
shall  be  made,  but  at  present,  so  far  as  the  author  can  judge,  the 
larger  amount  of  usefulness  is  likely  to  attach  to  the  general  text- 
book compiled  by  a  single  writer.  This  belief  has  at  least  served 
to  encoiu-age  the  present  author  in  attempting  a  task  which  he  is 
conscious  cannot  be  discharged  so  successfully  as  to  escape  all 
criticism.  So  far  as  his  duties  as  a  teacher  and  investigator  have 
permitted,  he  has  made  an  earnest  effort  to  keep  this  book  in  the 
current  of  the  advancing  tide  of  physiological  knowledge. 

W.  H.  Howell. 

August,  1911. 
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In  the  preparation  of  thla  book  the  author  haa  endeavored  to 
keep  in  mind  two  guiding  principles:  first,  tbe  importance  of 
siinplicity  and  lucidity  in  the  presentation  of  facts  and  theories; 
and,  second,  the  need  of  a  judicious  limitation  of  the  material 
selected.  In  regard  to  the  second  point  every  specialist  is  aware 
of  the  bewildering  number  of  researches  that  have  been  and  are 
being  published  in  physiology  and  the  closely  related  sciences,  and 
the  difficulty  of  justly  estimating  the  value  of  conflicting  results. 
He  who  seeks  for  the  truth  in  any  matter  under  discussion  is  often- 
times forced  to  be  satisfied  with  a  suspension  of  judgment,  and 
the  writer  who  attempts  to  formulate  our  present  knowledge 
upon  almost  any  part  of  the  subject  is  in  many  instances  obliged 
to  present  the  literature  as  it  exists  and  let  the  reader  make  his 
own  deductions.  This  latter  method  is  douljtless  the  most  satis- 
factory and  the  most  suitable  for  large  treatises  prepared  for  the 
use  of  the  specialist  or  advanced  student,  but  for  beginners  it  is 
absolutely  necessary  to  follow  a  different  plan.  The  amount  of 
material  and  the  discussion  of  details  of  controversies  must  be 
brought  within  reasonable  limits.  The  author  must  a.ssume  the 
responsibility  of  sifting  the  evidence  and  emphasizing  those  con- 
clusions that  seem  to  be  most  justified  by  experiment  and  obser- 
vation. As  far  as  material  is  concerned,  it  is  evident  that  the 
selection  of  what  to  give  and  what  to  omit  is  a  matter  of  judg- 
ment and  experience  upon  the  part  of  the  writer,  but  the  present 
author  is  convinced  that  the  neecssary  reduction  in  material 
should  be  made  by  a  process  of  elimination  rather  than  by  con- 
densation. The  latter  method  is  suitable  for  the  specialist  with 
his  background  of  knowledge  and  experience,  but  it  is  entirely 
unfitted  for  the  elementary  student.  For  the  purposes  of  the 
latter  brief,  comprehensive  statements  are  oftentimes  misleading, 
or  fail  at  least  to  make  a  clear  impression.  Those  subjects  that 
are  presented  t-o  him  must  be  given  with  a  certain  degree  of  full- 
ness if  he  is  expected  to  obtain  a  serviceable  conception  of  the 
facts,  and  it  follows  that  a  treatment  of  the  wide  subject  of  physi- 
ology is  poesible,  when  undertaken  with  this  intention,  only  by 
the  adoption  of  a  system  of  selection  and  elimination. 

The  fundamental  facts  of  physiology,  its  principles  and  modes 
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of  reasoning  are  not  difficult  to  understand.  The  obstacle  that 
is  most  frequently  encountered  by  the  student  lies  in  the  com- 
plexity of  the  subject, — the  large  number  of  more  or  less  dis- 
connected facts  and  theories  which  must  be  considered  in  a  dis- 
cussion of  the  structure,  physics,  and  chemistr}'-  of  such  an  intri- 
cate organisni  as  the  human  body.  But  once  a  selection  has  been 
made  of  those  facts  and  principles  -nhich  it  is  most  desirable  that 
the  student  should  kn<nv,  there  is  no  intrinsic  difficulty  to  prevent 
them  from  being  stateil  so  clearly  that  they  naay  be  comprehended 
by  anyone  who  possesses  an  elementaiy  knowledge  of  anatomy, 
physics,  and  cheniisti-j-.  It  is  doubtless  the  art  of  presentation 
that  makes  a  text-book  successful  or  unsuccessful.  It  must  be 
admitted,  however,  that  certain  parts  of  physiology',  at  this  par- 
ticular period  in  its  development,  offer  i>eculiar  difliculties  to  the 
writers  of  text-books.  During  recent  years  chemical  work  in  the 
fields  of  digestion  and  nutrition  has  been  verj'  full,  and  as  a  result 
theories  hitherto  generally  accepted  have  been  subjected  to  crit- 
icism and  alteration,  particularly  as  the  important  atlvantes 
in  theoretical  chemistrj'  and  physics  have  greatly  modified  the 
attitude  and  i>oint  of  view  of  the  investigators  in  physiology. 
Some  former  -v'iews  Iia\'e  l>een  unsettled  and  much  information 
has  Vieen  collected  which  at  present  it  is  difficult  to  formulate  and 
applj'  to  tlie  explanation  of  the  normal  processes  of  the  animal 
body.  It  would  seem  that  in  some  of  the  fundamental  problems 
of  metabolism  physiological  investigation  has  pushed  its  experi- 
mental results  to  a  point  at  which,  for  further  progress,  a  deeper 
knowledge  of  the  chemistry  of  the  IkxIv  is  especially  needed.  Cer- 
tainly the  amount  of  work  of  a  chemical  character  that  bears  di- 
rectly or  indirectly  on  the  problems  of  physiology  has  shown  a  re- 
markable increase  within  the  last  decade.  Amid  the  conflicting 
results  of  this  literature  it  is  difficult  or  imiwssible  to  follow  always 
the  { rue  trend  of  development.  The  best  that  the  te-\t-book  can 
hnpe:  to  aecomplish  in  such  cases  is  to  give  as  clear  a  picture 
as  possiV>le  of  tiie  tendencies  of  the  time. 

Some  critics  have  contended  that  only  those  facts  or  conclu- 
sions about  which  there  is  no  difference  of  opinion  should  be  pre- 
sented to  medical  students.  Those  who  are  acquainted  with 
the  suliject,  however,  understand  that  books  written  from  tliis 
standpoint  coiitiiin  mucli  that  represents  the  uncertain  compromises 
of  past  generations,  ami  that  the  need  of  revision  is  felt  as  fre- 
quently for  such  books  as  for  those  constructed  on  more  lil>eral 
principles.  There  docs  not  seem  to  be  an^'  sound  reason  why  a 
text-book  for  meiHcal  sturlenta  should  aim  to  present  only  those 
conclusions  that  have  crystallized  out  of  the  controversies  of  other 
times,  and  ignore  entirely  the  live  issues  of  the  day  which  are 
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of  M  much  interest  and  importance  not  only  to  physiology,  but 
to  all  branches  of  medicine.    With  this  idea  in  mind  the  author 
hn  endeavored  to  make  the  student  realize  that  physiology'  is  a 
enwring  subject,  continually   widening  ita  knowledge  and  read- 
juiting  its  theories.    It  is  important  that  the  student  should 
jrnip  this  conception,  because,  in  the  first  place,  it  is  true;    and, 
u)  the  second  place,  it  may  save  him  later  from  disappointment 
fod  distrust  in  science  if  he  recognizes  that  many  of  our  conclu- 
Mtt  are  not  the  final  truth,  but  provisional  only,  representing 
the  best  that  can  be  done  with  the  knowledge  at  our  command. 
To  emphasize  this  fact  as  well  as  to  add  somewhat  to  the  interest 
rf  the  reader  short  historical  r^sunu^s  have  lieen  intrcxluced  from 
time  to  time,  although  the  question  of  space  alone,  not  to  men- 
tion otlier  considerations,  has  prevented  any  extensive  use  of  such 
material.    It  is  a  feature,  however,  that  a  teacher  might  develop 
with  profit.    Some  knowledge  of  the  gradual  evolution  of  our 
present  beliefs  is  useful  in  demonstrating  the  enduring  value  of 
experimental  work  as  compared  with  mere  theorizing,  and  also  in 
engendering  a  certain  appreciation   and    respect    for  knowledge 
that    has  been  gained  so  slowly  by  the  exertions  of  successive 
eenerations  of  able  investigators. 

A  word  may  be  said  regarding  the  references  to  hterature 
inserted  in  the  book.  It  is  perfectly  obvious  that  a  complete 
or  approximately  complete  bibliography  is  neither  appropriate 
nor  useful,  however  agreeable  it  may  be  to  give  everj'  worker  full 
recognition  of  the  results  of  his  labors.  But  for  the  sake  of  those 
who  may  for  any  reason  wish  to  follow  any  particular  subject 
more  in  detail  some  references  have  been  given,  and  these  have 
been  selected  usually  with  the  idea  of  citing  those  works  which 
tlKinselves  contain  a  more  or  less  extensive  discussion  and  litera- 
tim. Occasionally  also  references  have  been  made  to  works  of 
historical  importance  or  to  separate  papers  that  contain  the  experi- 
mental evidence  for  some  special  view. 
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The  tLssues  in  the  mammalian  body  in  which  the  property  of 
•ontractility  has  been  developed  to  a  notable  extent  are  the  mus- 
cuIat  and  the  ciliated  epithelial  cells.  The  functional  value  of  the 
muscles  and  the  cilia  to  the  Ijody  as  an  organism  depends,  in  fact, 
upon  the  special  development  of  this  property.  The  muscular 
tissues  of  the  body  fall  into  three  lai^e  groups,  considered  from 
either  a  histological  or  a  functional  .standpoint, — namely,  the  striated 
skeletal  muscle,  the  striated  cardiac  muscle,  and  the  plain  muscle. 
These  tisues  exhibit  certain  marked  differences  in  propjerties  which 
aie  deecribed  farther  on.  In  each  group,  moreover,  there  are 
eerlain  minor  differences  in  structure  which  arc  associated  with 
cfiifferenoes  in  proi>ertie8;  thus,  skeletal  muscle  from  different  re- 
gtona  of  the  same  animal  inaj'  show  variations  in  rapidity  of 
contraction,  and  this  variation  goes  hand  in  hand  with  an  obvioua 
nee  in  histological  structure.  Similar,  perhaps  more 
ked,  differences  are  oljserved  in  the  plain  muscular  tissue  of 
various  organs.  The  muscular  tissues  from  animals  belonging  to 
different  classes  exhibit  naturally  even  wider  variations  in  proper- 
ties, and  these  differences  in  some  cases  are  not  associated  with 
visible  variations  in  structure. 
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The  Structure  of  Skeletal  Muscle. — This  tissue  makes  up  the 
essential  part  of  the  skeletal  muscles  by  raeans  of  which  our 
voluntary  movements  are  effected.  Each  muscle  fiber  arisra 
from  a  single  eel!  and  in  its  fully  developed  condition  may  be 
regarded  as  a  multinuclear  giant  cell.  It  is  inclosed  entirely  in 
a  thin,  structureless,  ela-stic  membrane,  the  sareolemnia.  The 
materini  of  the  fiber  is  supposed  to  be  semifluid  or  viscous  when 
in  the  livuig  condition;  it  is  designated  in  general  as  the  muscle 
plasma. 

There  is  on  record  an  intereeting  observation  bv  Kiihne*  which  seems 
to  demonstrate  the  fluid  nature  of  the  living  muscle  substance.  He  hap- 
pened, on  one  oecaaion,  to  find  a  frog's  museie  fiber  containing  a  nematode 
worm  within  the  sarcolcmma.  The  animal  swam  readily  from  one  end  of 
the  fiber  to  the  other,  pushing  aside  the  cross  bands,  which  fell  into  place 


v/^-.F'  ^.'-o  'y-tf 


Fir.  1. — .V  cross-section  of  muscle 
fiber  of  rabbit.  The  IjunJles  of  fibrils  are 
dark;  the  inlerventjig  tiiiiall  arikount  of 
■arcoplasm  is  represented  by  the  clear 
■pacM.— (iCA//iAvr.) 


Fig.  2. — CroBs.ae«tloa  nf  twu  muscle 
fibers  erf  the  fly:  itf«,  Tbe  columns  ot 
fibrils;  Sp,  tbe  atrcopbutn:. — {Schieffer- 
deektr.) 


again  after  the  animal  had  pasiwd.  At  one  end,  where  the  fiber  had  been 
injurecJ,  the  wonn  was  unable  to  force  ita  way-  The  muscle  subfitanoe  at 
this  point  was  dead  and  apparently  had  jmssed  into  a  solid  condition.  The 
fact  that  the  cross  bunds  were  displaced  only  temporarily  by  the  movement 
and  fell  back  into  their  normal  ix>sition  would  indicate  that  they  may  have 
a  more  solid  structure. 

Disregarding;  the  nuclei,  the  muscle  pla.sma  consists  of  two 
different  stnirtiirrs:  the  fibrils,  which  are  long  and  thread-like  and 
run  the  length  of  the  fiber,  and  the  intervening  sarcopla.'^m.  The 
fibrils  consist  of  alternating  dim  and  light  di.sCR  or  .segmont.s,  which, 
falling  together  in  the  different  fibrils,  give  the  cioss-striation 
that  is  characteristic.  In  mimmialian  muscles  the  fibrils  are  grouped 
more  or  less  distinctly  into  Inmdles  f»r  columns  (sarcostyles), 
between  which  lies  tiie  scanty  sarcu[>!asni.  Tlie  relatixe  amount 
of  sarcophiHui  to  liluillar  sul>stanee  varies  greatly  in  the  str!i)ed 
muscles  of  different  animals,  as  is  imlicateil  in  the  accompanying 

♦  Kiihne,  "  Archiv  fiir  pathulogische  .Vnatomie, "  26,  '222,  1863. 
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SlustTfttjons.  The  evidence  from  comparative  physiulogj'  indi- 
cate that  the  fibrils  are  the  contractile  element  of  the  fiber, 
while  ihe  sarcoplasm,  it  may  be  assumed,  possesses  a  general 

I     nutritive  function.     Among  mammals  there  are  certain  muscles 
in  which  the  aniount  of  sarctiphtsm  within 
MCh  fiber  is  relatively  large,  and  this  sar- 
ei^&sm,    having    the    granular    structure 
common   to   undifferentiatetl    protoplasm, 
interferes  with  the  clearness  of  striation  of 
the  fillers.     Fibers  of  this  latter  sort  are 
ttJually  of  a  deeper  color  tlian  those  in  which 
ibc  aarcoplasm  «  less  abundant,  and  the 
two  varieties  have  been  designated  as  the 
ni  (more  abundant  sarcophvsm)  ami  the 
'         pale  fibers.     Muscles  containing  chiefly  the 
las  dearly  striated  red  fil>ers,  for  example, 
the  diaphragm  and  the  heart,  are  charac- 
^       laiaHl  physiologically  by  a  slower  nlte  of 
^B    contraction  and  by  a  relatively  small  suseep- 
^M   tibilily  to  fatigue.     The  so-called  red  and 
^■HIb  fibers  may  occur  in  the  same  muscle, 
^i^  separate  fibrils,  like  the  entire  fiber, 
Aow  two   kinds   of   substance,    the    alter- 
nating  dim    and    light    Ijiands,    and    these 
^—   two  materials   are   obviously    different    in 
^fe  physical    structure    as    seen    by    ordinary 
^B  light.     When  examinetl  by  polarizeti  light, 
^f-  Ihis  difference  l>ecoraes  more  evident,  for 
the  dim  substance  possesses  the  property 
^^of   double    refraction.     When    the    muscle 
^■plter  is  placeil  between  crossed  Nicol  prisms 
^Hkft  dim   bands   appear   bright,   while   the 
^^0kl  bands  remain  clark,   as  is  shown  in 
Fig.  3.     From  this  standpoint  the  material 
wof  the  light  bands  in  the  nonnal  fibrils  is 
)ken  of  as  isotropous,  and  that  in  the  dim 
as    anisotropous.     The    anisotropic 
ial  of  the  tlira  bands  consists  of  doubly 
fracting   positive   uniaxial   particles,   and 

:>lmann  has  shown  that  such   particles  may  be  discovered 

in  all  contractile  tissues.     The  inference  made  by  liim  is  that 

)is  anisotrcipic  substance  is  the  contractile  material  in  the  pro- 

jplasin,  the  machinery,  so  to  speak,  through  which  its  shorten- 

is  accomplished.     Engelmann  supports  this  conclusion  by  the 

.tement  that  during  contraction  the  size  of  the  ilim  bands 


Kin-  3. — To  show  th« 
■ppeiirau<«    of     (he    dim 

(iBOtropic)  band')  nl  rcxt 
anU  ill  conlroclioti,  lu.  .-ven 
by  •.irilinary  nini  by  polur- 
ice«l  liicht.  The  Tticure  r«p- 
re!«nls  a  niutcle  fibril 
(l>««tle)  in  which  the  lower 
portion  liiiabeen  fixed  in  a 
r<)ndilii>n  of  con  traction. — 
(EngrlHMnn.) 
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increases  at  the  expense  of  the  material  in  the  light  bands.*  This 
theory  is  indicated  in  the  schema  given  in  Fig.  3.  The  relative 
changes  in  appearance  of  the  anisotropic  and  isotropic  bands 
during  the  phase  of  contraction,  which  are  shown  in  the  figure, 
may  be  exi>lainetl  on  the  assumption  that  the  anisotropic  sub- 
stance absorbs  or  imbibes  water  from  the  isotropic  layer.  Engel- 
mann  has  used  .such  an  assumption  as  the  basis  for  an  attractive 
theory  of  the  shortening  of  the  muscle  (p.  71).  Unfortunately, 
the  histological  changes  indicated  in  Fig.  3  have  not  been  wholly 
corroborated  by  later  observers.  Hiirthlef  states  that  during 
contraction  the  anisotropic  band  may  shrink  to  less  than  one-half 
its  width,  while  the  isotropic  layer  shows  no  change.  He  finds 
in  this  appearance  a  confirmation  of  the  view  that  the  anisotropic 
substance  constitutes  the  active  contractile  material  of  the  muscle, 
but  there  is  no  evidence,  he  thinks,  to  sup}X)rt  the  assumption 
that  the  change  in  the  anisotropic  layer  is  due  to  imbibition  of 
water  from  the  isotropic  layer  or  from  any  other  source. 


TUt.  -4. — 1,  Curve  of  extmirion  of  m  rubber  band,  to  thcnr  the  ©qiisl  extensions  for  equal 
tnerements  of  weight.  The  bond  heA  an  iintiol  load  of  17  ftva^.  aodthU  was  liicres«ed 
by  Jncremetit*  i>f  'A  gmn.  in  each  of  the  nine  extensions,  the  final  loail  beinn  <4  gmti.  Tbe 
line  jdiiunK  the  entlf"  of  the  ordinate^  is  a  ^traijcht  liae.  b.  L'urve  of  extension  ot  a  fro^s 
muaele  (gaiitroeneiiuun).  The  initial  load  and  the  increinenC  of  weight  were  (he  aanie  an  with 
ttie  nib&r.  Therurve  ahowa  a  decTcadinx  extonaioD  for  equal  incremeats.  The  Use  iuin- 
ins  tbe  ends  of  the  orditiateA  is  curve<l. 

The  Extensibility  and  Elasticity  of  Muscular  Tissue. — Muscular 

tissue,  when  acted  upon  by  a  weight,  extends  quite  ri^adily,  and 
when  the  weight  is  remioved,  it  regains  its  original  form  by  virtue 
of  its  elasticity.  In  our  bodies  the  muscles  stretched  from  bone 
to  bone  are,  in  fact,  in  a  state  of  elastic  tension.  If  a  muscle  is 
severe<l  by  an  incision  across  its  belly  the  ends  retract.     The 

*  Biedermanti,   "  EleirtrophysioloKy,"  vol    i,   translivlwi  by   Welby,  and 
Engelmann,  ".-Vrchiv  fiir  die  gesamnite  Phvsiologjt*,''  18,  1. 
t  Uurthle,  "  Archiv  f-  d.  ge».  Phyatologie,"  126,  1,  1909. 
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tjsihility  and  elasticity  of  the  muscles  add  to  the  effective- 
n)l  the  inusoular-skeletal  machinery.  A  muscle  that  is  in  a 
•Utc  of  elastic  tension  contracts  more  promptly  and  more  effec- 
tively for  a  given  stimulus  than  one  whicli  is  entirely  relaxed. 
Moreover,  in  our  joints  the  arrangement  of  antagonists — flexors 
«nii  extenjM'fs — is  such  that  the  contraction  of  one  moves  the 

Ilxme  against  the  pull  of  the  exton.sible  and  ela.stic  antagonist. 
Ii  would  seem  that  the  movements}  of  the  skeleton  must  gain 
much  in  smoothness  and  delicacy  by  this  arrangement.  The 
physical  advantages  of  the  extensibility  and  elasticity  of  nius- 
fuW  tissue  are  evident  not  only  in  the  contractions  of  our  volun- 
tary muscles,  but,  as  we  .shall  .see,  in  a  striking  way  also  in  the 
circulation,  in  which  the  force  of  the  heart  beat  i.s  stored  and 
ffonomically  distributed  by  the  elastic  tension  of  the  di.stenrled 
irteries.  The  extensibility  of  muscular  ti.ssue  has  been  studied 
■eomparison  with  the  extensibility  of  dead  elastic  bodies.     With 

to  the  latter  it  is  known  that 

[tht  strain   that  the  body  undergoes 

)portional,  within  the  limits  of 

rity,  to  the  stress  put  upon   it. 

f,  for  instance,  weights  arc  attached 
a  rubl>er  band  suspendetl  at  one 
id,  the  amount  of  extension  of  the 
be  directly  proportional  to 
{hts  used.  If  the  extensions 
OWflSured  the  relationshi[i  may  be 
ited  as  shown  in  Fig.  4,  the 
increments  in  weight  being 
by  laying  off  etpial  distances 
the  abscissa,  and  the  resulting 
extensions  by  the  height  of  the  or- 
diuates  dropped  from  each  point. 
If    the    ends    of    the    ordinates    are 

» joined,  the  result  Is  a  straight  line. 
When  a  similar  experiment  is  made 
with  a  living  muscle  it  is  found  that 
the  extension  is  not  proportional    to 
[the  weight  used.     The  amount  of  ex- 
jtcnsion    is  greatest  in  the  beginning 
id    decreases    proportionately    with 
increments   of   weight.      If   the 
Itfi   of    such   an    experiment    are 
1,  as   above,    representing    the 
equal  increments  of  weight  by  equal 

distances  along  the  abscissa  and  the  resulting  extensions  by  ordi- 
nates dropped  from  these  points,  then  upon  joining  the  ends  o{ 


Fig.  .S.— Curvo  pven  by 
Harey  to  show  the  effect  upon 
the  ext«ni>iou  of  muacle  cmused 
by  increasinf  the  load  regularly 
to  the  point  of  rupture:  Fmiu 
o  to  a  the  ext«n8ion  of  the 
niuaele  decrroww  ■«  the  weight 
increaMm,  sivinga  curve  ooncava 
to  the  alMrima,  ax  1  at  a  the 
iiinit  of  eia«ticity  in  paawtl  and 
the  mu«cle  leriKthen*  by  in* 
ereaiiuK  axtensiona  for  a<^ual 
increiiiaQts;  at  x  rupture  U&O 
gms.  for  fros'a  gaatroeoemiuji). 
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the  ordinates  we  obtain  a  curve  concave  to  the  abscissa.  At 
first  the  muscle  shows  a  relatively  large  extension,  but  the  effect 
becomes  less  and  less  with  each  new  increment  of  weight,  the 
curve  at  the  end  ai^proacbing  slowly  to  a  horizontal.  If  the 
weight  is  increased  until  it  is  sufl&cient  to  overcome  the  elasticity 
of  the  muscle  the  curve  is  altered — it  becomes  convex  to  the 
abscissa,  or,  in  other  words,  the  amount  of  extension  increases 
with  increasing  increments  of  weight  up  to  the  point  of  rupture, 
as  shown  in  the  accompanying  curve*  (Fig.  5).  Haycraftt  calls 
attention  to  the  fact  that  under  normal  conditions  the  physio- 
logical extension  of  the  frog's  nmscles  in  the  body  is  equal  to 
that  produced  by  a  weight  of  10  to  15  gms..  and  that  when  the 
excised  muscle  is  extended  by  weights  below  tlils  limit  it  follows 
the  law  of  dead  elastic  bodies,  giving  equal  extensions  for  equal 
increments  of  weight.  It  is  only  after  passing  this  limit  that  the 
law  stated  above  holds  good.  It  should  be  atlded  also  that  the 
amount  of  deformation  exhibited  by  a  muscle  or  other  living  tissue 
placed  under  a  stress  varies  with  the  time  that  the  stress  is  allowed 
to  act.  The  muscle  is  composed  of  viscous  material,  and  yields 
slowly  to  the  force  acting  upon  it.  In  experiments  of  this  kind, 
therefore,  the  weights  should  be  allowed  to  act  for  equal  intervals 
of  time.  It  has  been  shown  that  the  extensibility  of  a  muscle  La 
greater  in  the  contracted  than  in  the  resting  state. 

The  curve  of  extension  described  abo^'e  for  skeletal  muscle 
holds  also  for  so-called  plain  muscle.  This  hitter  tissue  form.s  a 
portion  of  the  walls  of  tiie  various  viscera,  (he  stomach,  bladtler, 
uterus,  lilood-vcsseLs,  etc.,  and  the  facts  shown  by  I  he  above  cur\'e 
enter  fre<|uent]y  into  the  explanation  of  the  physical  phenomena 
exhibited  by  the  viscera.  For  in.stance,  it  follows  from  thLs  curve 
that  the  force  of  the  heart  l>eat  will  cause  less  expansion  in  an 
arterj'  alreadj'  distended  by  a  high  blood-pressure  than  in  one  Ln 
which  the  blood-pressure  is  lower. 

The  Irritability  and  Contractility  of  Muscle.^Fnder  normal 
conditions  in  tlie  body  a  muscle  is  made  to  contract  by  a  stimulus 
received  from  the  central  nervous  system  through  its  motor  nerve. 
If  the  latter  is  severed  the  muscle  is  paralyzed.  We  owe  to  Haller, 
the  great  physiologist  of  the  eighteenth  century,  the  proof  that 
a  muscle  thus  isolated  can  still  be  made  to  contract  hy  an  artificial 
stimulus — e.  g.,  an  electrical  shock— applied  directh'  to  it.  This 
Bignilicant  discovery  removed  from  physiology- the  old  and  harmful 
idea  of  animal  spirits,  which  were  supposed  to  Ix;  generated  in  the 
eentral  nervous  system  and  to  cause  the  swelling  of  a  muscle  during 
contraction  hy  flowing  to  it  along  the  connecting  nerve.  But  to 
remove  a  muscle  from  the  body  and  make  it  contract  by  an  artificial 

*  See  Marey,  "  Du  mouvement  daii«  \v»  fonctions  de  la  vie,"  1868,  p.  284 
t  Hoycraft,  "Journal  of  Phyeiology,"  31,  302,  1904. 
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stunuhis  does  not  prove  that  the  muscle  substance  itself  is  capable 

of  lieing  m:teil  ujwn  by  the  stimulus,  since  in  such  an  experiment 

thrffidings  of  the  nerve  in  the  musele  are  still  intact,  and  it  may 

be  that  the  stimulus  acts  only  on  them  and  thus  affects  the  raus- 

cIp  indirertly.     In  a  number  of  ways,  however,  physiologists  liave 

found  that  the  muscle  substance  can  be  made  to  contract  by  a 

stimulus  applied   directly   to   it,  and   therefore  exhibits   what   is 

known  as  independent  irritability.    The  term  irritability,  according 

to  modem  usage,  me^ns  that  a  tissxie  can  be  made  to  exhibit  its 

peculiar  form  of  functional  activity  when  stimulated, — e.   g.,  a 

miBcle  cell  ■will  contract,  a  gland  cell  will  secrete,  etc., — andinde- 

piDdent  irritability  in  the  case  under  consideration  means  simply 

tliAltbe  muscle  gives  its  reaction  of  contraction  when  artificial 

ittnuli  are   applied  directly   to  its  substance.     This  conception 

d  irritabiUty  was  first  introduced  by  I'rancis  (JUsson  (1597-1677), 

A  wJcbratod  English  physician.*    Subsequent  writers  frequently 

used  the  term  as  s}-nonyraous  with  contractility  and  as  applicable 

only  to  the  muscle.     But  it  is  now  used   for  all  living  tissues  in 

BPDse   here   indicated.     A    simple  proof  of    the    uidejjendent 

)ility  of  a  striated  muscde  is  obtained  l>y  cutting  the  motor 

nerve  going  to  it  and  stimulating  the  muscle  after  several  days. 

We  know  now  that  in  the  course  of  several  days  the  severed  nen'e 

fibers    degenerate  completely  down  to  their  terminations  in  the 

mi.scle  fibers,  and  the  muscle,  thus  freed  from  its  nerve  fibers  by 

the  process  of  degeneration,  can  still  be  made  to  contract  by  an 

t'trtificial   stimulus.     The   classical  pnnA  of  the  iudeftondent  irri- 

ibllily  of  muscle  filoers  was   given  by  Claude  Bernard,  the  great 

fnch   physiologist  of    the  nineteenth    centuri-.     He   matle  use 

of  the  so-called  arrow   poison  of    the   South  American  Indians. 

rhift  substance  or  mixture  of  .substances  is  known  generally  under 

name  curare;   it  is  prepared  from  the  juices  of  several  plants 

fBtrt'chnos)  (Thorpe).    The  ptjisonous  part  of  the  material  is  soluble 

in  water,  and  Bernard  shown  I  that  when  such  an  extract  is  injected 

into  the  blood  or  hypKlermically  it  paralyzes  the  motor  nerves 

their  peripheral  end,  so  that  direct  stimulation  of  these  nerves 

ineffective.     Direct  stimulation  of  the  muscle  substance,  on  the 

mtrary,  causes  a  contractiim.t     We  are  justified,  therefore,  in 

lying  that  skeletal  muscle  possesses  the  properties  of  independ- 

it   contractility   (Haller)    and    independent    irritability   (Ber- 

krd).    By  the  former  term  we  mean  that  the  shortening  uf  the 

•le  is  due  to  active  processes  developefl  in  its  own  tissue, 

the  latter  we  mean  that  the  muscular  tissue  may  be  made 

enter  into  contraction  by  artificial  .stimuli  applieil  directly 

•  Se*  Fcwter's  "  Ilistory  of  Physiology,"  p.  287. 

t  "  I.«H,-on»  B\a  Iw  effets  dee  substances  toxiques  et  mddicamcnteuaes," 
i7,  pp.  23H  «t  t«q. 
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to  its  own  substance.  This  latter  property  cannot  be  said  to 
hold  for  all  the  tissues.  Whether  a  nerve  cell  or  a  glantl  cell  may  be 
made  to  enter  into  its  specific  form  of  activity  bj'  the  direct  appli- 
cation of  an  artificial  stimulus  is  still  an  undetermined  question. 

Artificial  Stimuli. — If  we  designate  the  stimulus  that  the 
muscle  receives  normally  from  its  nerve  as  its  n<irmal  stimulus, 
all  other  forms  of  enerjc^-  which  may  be  u.sed  to  start  its  contraction 
may  be  grouped  under  the  designation  artificial  stimuli.  Experi- 
ments have  shown  that  a  contraction  may  be  aroused  by  mechanl- 


Ftg.  0. — Th«  intiuctian  oail  *»  Uiod  for  phy8)n1osi(^aI  puipoees  (du  Bois-Reymond 
pottem):  .4,  The  priTnary  coil;  B.  the  secondary  coil;  P',  hindtni^  posts  to  wiiich  are  at- 
tached the  wire«  from  the  hnf  t^rv,  thev  connect  with  the  ends  of  coil  A;  P*,  binding  poeta 
connecting  with  cmk  of  coil  O,  t\\Tit\if(»  which  the  induction  current  ia  led  on;  H,  th«  slide, 
with  acale,  in  which  coi)  B  is  inoved  to  alter  ita  dintiince  from  A. 

cal  stimuli, — for  in.stance,  by  a  sharp  blow  applied  to  the  muscle;  by 
thermal  stimuli, — that  is,  by  a  sudden  change  in  temperature;  by 
chenucal  stimuli, — for  e.\ample,  by  the  action  of  concentrated  solu- 
tions of  salts,  and  finally  by  electrical  stimuli.  In  practice,  how- 
ever, only  the  last  form  of  stimulus  is  found  to  be  convenient.    The 


Fjg.  7. — Schema  of  inducltoa  spparattu. — (Lombard.)  h  repro*eiits  the  KttlTanifl 
Mttery  conneclcd  by  wires  to  the  prmi»ry  coil,  A.  Oti  the  course  of  one  of  these  wlraa 
b  ■  key  (i)  to  make  and  break  the  ctirrent.  B  abowe  the  principle  of  tho  aecondary 
eoil,  Bjid  the  connection  of  ita  two  ends  with  the  ner\'e  of  a  nerve-^iiiLsple  prepnratioo. 
When  the  balferj'  currant  ia  cloeed  or  nmde  in  X,  a  brief  current  of  liieh  iut«nAily  is 
Induced    iti  W,  Thu  ia  known  oa  the  making  or  clooinir  nlKJck.    JiVhen  the  battery  current 


ja  broken  in  ^4,  a  Kecood  brief  iaductiun  current  ia  aroui>ed  in  B. 
brealdnK  or  opening  Bhuck. 


This  ia  known  U  tlw 


mechanical  and  thermal  stimuli  cannot  be  well  applied  without  at 
the  same  time  injuring  the  muscle  substance,  ami  the  same  is  prob- 
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ably  true  of  chemical  stimuli,  which  possess  the  disadvantage,  more- 
over, of  not  exciting  simultaneously  the  different  fibers  of  which 
the  muscle  is  composed.     Electrical  stimuli,  on  the  contrary,  are 
applied  easily,  ai-e  readily  controlled  an  regards  their  nitensity,  and 
ailed  all  the  fibei-s  simultaneously,   thus  giving  a  co-ordinated 
cootraction  of  the  entire  buntlle,  as  Is  the  case  with  the  normal 
stimulus.    For  electrical   stimulation   we   may   use    the   galvanic 
^L      ciirretit  taken  (hroctly  from  the  battery,  or  the  induced  or  so-called 
^M     fawlic  current    obtiuned    from    an    induction    coil.     Under   most 
^B     conditions  the  latter  is  more  convenient,  since  it  gives  brief  shocks, 
^^     the  strength  and  number  of  which  can  be  controlled  readily.     The 
form  in  which  this  instrument   is  iiyetl   in  experinienttd  work  in 
physiology  we  owe  to  du  Bois-Hcymoml;  hence  it  is  frequently 
kaown  as  the  du  Bois-Re^mond   induction    coil.     Experimental 
physiology  owes  a  great  deal  to  this  simple  and  serviceable  in- 
•tniment.     A  figure  and  brief  description  of  the  apparatus  are 
appended  (Figs.  6  and  7). 

Simple  Contraction  of  Muscle. — Experiments  may  be  made 
upon  the  muscles  of  various  animals,  but  ordinarily  in  physiolog- 
ical laboratories  one  of  the  muscles  (gastrocnemius)  of  the  hind 
ieg  of  the  frog  is  employed.     If  such  a  muscle  is  isolated  and 
I       C(mnecte<i  with  the  terminals  from  an  induction  coil  it  may  be 
^K stimulated  by  a  single  shuck  or  by  a  series  of  rapidly  repeated 
^■•ihocks.     The  contraction  that  results  from   a  single  stimulus 
Bis  designated  as  a  simple  contraction.     In  the  frog's  muscle  it  is 
wry  brief,  lasting  for  0.1  second  or  less;  I>ut  in  this,  as  in  other 
respects,    cross-striated     mu.scular    tissue     varies     in    different 
animals.*  as  is  shown  by  the  accompanying  table,  which  gives  a 
geoeral  idea  of  the  range  of  rapidity  of  contraction: 

IDUPJVTION  OF  A  SIMPLE  MUSCULAR  CONTRACTION. 
Insect 0.003  sec. 
Rabbit  (Marey) 0.070    " 
Frog  0.100     " 
Terrapin 1.000    " 
The  series  may  be  continued  by  the  figures  obtained  from  the 
plain  muscle,  thus: 
I                 T\\e  involuntary  muscle  (mammal) 10.00 
I                Foot  muscle  of  slugf  (•■yiolima.x) 20.00 
The  duration  of  the  simple  contraction  varies  considerably 
in  the  muscles  of  different  parts  of  the  same  animal.     Thus, 
^H*c<^ording  to  Cash,  the  hyoglossal  muscle  in  the  frog  requires 
^■0.205  to  0.3  second,  while  the  gastrocnemius  takes  0.12  second; 
"•in  the  tortoise  the  pectoralis  major  requires  1.8  secomis,  the 

•Cash,  "Archiv  f.  AnnL  u.  Physiol. ,"  1880.  suppt.  volume,  p.  147. 
tCarlsrio,  "American  Journiil  nf  ryaioIoRy,"  10.  418.  1004. 
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contraction  are  two  properties  vUdi  ane  rapoMe  of  being  Altered 
by  the  prowawj  of  adapt atkia,  either  together  or  mdependently, 
to  suit  the  needs  of  the  or^aaisai.  The  disuawUion  of  the  pale 
and  red  mmclci  in  floeh  an  •nhwl  ss  the  rabbit  bears  oat  this 
idea.  It  will  be  remeBBbered  also  that  these  two  Tarieties  show 
a  difference  in  histoiopeal  atiuctuge  (p.  19>. 

The  C«rre  of  Cootractioa.— When  a  wliarting  mnsde  is 
'  attartifd  to  a  lerer  this  ler^r  may  be  made  to  write  npaa  a  smoked 
surface  aod  thus  record  the  morement.  more  or  less  magnified 
accordini^  to  the  leirera^  duaen.  If  the  leronfiog  aniare  is  sta- 
tiOQ&r>'  the  neeord  obtamed  is  a  stiaigbt  fine  and  indicates  ooly  the 
extent  of  the  shortening.  If,  however,  the  wcmdiug  surface  is  in 
moTement  during  the  eontraetion  the  recotd  wOl  be  in  the  form  of  a 
ctirve,  which,  making  use  of  the  system  of  ri^t-an^ed  co-oixlinates. 


Fif.  8. — Cttnr*  of  Bimple  muscuUr  oontracdaii. 


will  indicate  not  only  the  full  extent  of  the  shortening,  but  also 
the  amount  of  shortening  or  sulisequent  relaxation  at  any  moment 
•luring  the  eritin;  period.  To  obtain  such  records  from  the  rapidly 
font  rafting  frog'sj  muscle  it  is  evident  that  tlie  recording  surface 
miiHt  move  with  considerable  rapidity  and  with  a  uniform  velocity. 
A  curvft  of  this  kind  is  represented  in  Fig.  8.  C  represents 
th('  axis  of  ahsci.H8as  and  gives  the  factor  of  time.  A  vertical 
ordinal*'  PitrcUMl  at  any  point  on  C  gives  the  extent  of  shortening 
at  Ihiit  iiHiinrnt.  lielow  the  curv'e  of  the  muscle  Is  the  record 
of  the  vibrationH  of  a  tuning  fork  giving  100  double  vihrations 
per  w?cond;  that  i.s,  the  distance  from  crest  to  cre.st  represents  an 
int<'rval  cif  ^  ,\^  of  n  strcond.     Three  ]>rincipal  fact^  are  brought  out 


by   an  jinalyHiH   of  the  curve:   I.  The   latent   period.     By  this 
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DKaoi  that  the  muscle  does  not  begin  to  shorten  until  a  certain 
mt:  after  the  stimuhis  is  applied.  On  the  curve  the  stimulus 
enterethe  muscle  at  .S',  and  the  distance  Ijctwepn  this  point  and  the 
begliimin^  of  the  rise  of  the  rurve.  intei-preted  in  time,  is  the  latent 
pBJod.  11.  The  phase  of  shorteninjr.  which  has  a  (iefinite  course 
auilar  its  end  immediately  passes  into  III.,  the  phase  of  relaxation. 
I  The  Latent  Period. — In  the  contract  ion  of  the  L^olaied  frog's 

muscles  as  usually  recorded  the  latent  period  amounts  to  0.01  sec, 
I         but  it  is  generally  assumed  that  this  period  i.s  exaggerated  by  the 
I         orthod  of  recording  used,  since  the  clastici-y  of  the  muscle  itself 
i         pm'entsthe  immediate  registration  of  the  movement.    By  improve- 
I         menta  in  metho«ls  of  technique  the  latent  period  for  a  fresh  muscle 
nay  he  reduced  to  as  little  as  0.005  or  even  0.004  sec.    Under  the 
I        fooditions  in  the  body,  however,  the  muscle  contracts  against  a 
I        loid,  a.s  when  lifting  a  lever;  hence,  we  may  a.ssimie  that  nornmlly 
there  is  a  lost  time  i)f  at  haul  U.Ol  stn^.  after  the  stimulus  enters  the 
^    muscle.    In  addition  to  the  latent  period  due  to  the   elasticity 
B  <rf  the  muscle  it  is  certain  that  a  brief  amount  of  time  actually 
^KCbpees   after   the   stimulus  enters  the   muscle  l>efore  the  act  of 
^rikvteiung  begins;  some  time  is  taken  up  in  the  chemical  changes 
And  the  effect  of  these  changes  in  putting  the  mcchani.sni  of  con- 
traction into  phiy  (see  below  on  the  Theory  of  Mu.scle  Contractions). 
e  latent  jjeriod  varies  greatly  in  mu.scles  of  different  kinds-,  and  in 
same  muscle  varies  with  its  conditions  as  regards  temperature, 
,ttgu«,  load  to  l)e  raised,  etc. 
The  Phases  of  Shortening  and  of  Relaxation. — In  the  normal 
's  muscle  the  phase  of  shortening  for  a  simple  contraction  occu- 
•bout  0.04  second,  while  the  relaxation  may  be  a  trille  longer, 
sec.     In  muscles  whose  *luration  of  contract  ion  differs  from 
t  of  the  frog  the  time  values  for  the  shortening  and  the  i-elaxation 
Ibit  coiresponding  differences.     As  we  have  seen,  the  appearance 
the  muscle  filier  when  \iewetl  by  polarizeil  light  indicates  that 
ng  the  phase  of  shortening  the  most  marked  physical  change 
occurs  in  the  anisotropic  band.     Whatever  may  be  the  nature 
of  this  change,  it  is  evidently  a  reversiljle  one.     After  reaching 
its  maximum  it  proceeds  in  the  opposite  direction,  the  particles 
urn  to  their  original  position,  and  a  relaxation  occurs.     Many 
litions,  some  of  which  will  be  described  below,  alter  the  time 
for  these  processes,  that  is,  the  duration  of  the  simple 
on.     It  is  noteworthy  that  it  is  the  pha^^e  of  relaxation 
may  be  most  easily  prolonged  or  shortencii  by  varying 
conditions. 

Isotonic  and  Isometric  Contractions. — In  the  metlicxl  of  recurdiug  the 
AarteDiDff,  of  the  muscle  that  isde^icrib&l  above  the  mu.s<>le  i>  .suppa<<e<l  to  con- 
tnct  against  a  constajit  load  wliich  it  i-uij  lift.  Such  a  coDtractioii  i;;  s|K)ken 
ol  AM  an  isotonic  contraction.     If  the  muscle  i^  allowed  to  contract  against 
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a  tenaon  too  great  fc^r  it  to  overcome — a  stiff  «priiig,  for  instance — it  is  prac- 
tically prevente<i  from  shurteiiiiip,  and  a  contraction  of  tliLs  kind,  in  which 
the  length  of  the  niux-le  rcniaiius  unchanged,  is  spoken  of  a*;  an  isometric 
contraction.  A  curve  of  snch  u  contraction  may  be  obtuined  by  inairnifying 
preatly,  by  nieati.s  of  IcvcrN,  the  shj^hl  i.-lmniee  in  the  stiff  -sjirina:  n^uiii^t  which 
the  muscle  i.'S  contractinR.  Such  a  curve  gives  a  picture  nf  llie  lil^eration  of 
energv'  within  the  mu.scle  during  contraction. 

The  usual  oval  form  uf  liynaniometcr  employed  to  record  the  grip  of  the 
flexors  of  the  fingers  gives  an  isometric  record  of  the  energj'  of  contraction 
of  these  muscles*. 


Flit.  0.  —  hffeci  «f  varvnriK  the  strength  of  stimulus.  The  fifcure  ahowu  the  effect,  upon 
the  Ka«tr»(Mietiiiu.s  riiiL-<clp  ui  ii  fnv  ut  iiraidually  increodinK  the.BtimuliL<<  (brcakiriK  inilurtion 
ahookj  uiilil  niBxtniutn  ccintrsctidn-'  were  obtvined.  The  sCimuli  were  then  decren-soii  in 
rtrength  and  the  contract  ion  k:  M\  ofT  through  «  i«rie»  nf  irruluaUy  deoreasini;  (.ubniaximal 
cMiri'.rsctiona.  The  ae/iea  up  ami  dawn  u  ui>t  ab^ulutely  regular  owins  to  the  difficulty  of 
i>bta,iritiiE  ■  regular  incnaw;  or  de<-reu»«  in  the  ^Itinutua.  (The  |>roloagation;s  of  the 
curves  below  the  bam  line  are  due  to  the  clastic  extension  of  the  muscle  by  the  weight  dui^ 
ing  relaxation.) 


Effect  of  Strength  of  Stimtilus  upon  the  Simple  Contraction. 

— The  strength  of  electrical  stimuli  can  be  varied  conveniently  and 
with  great  accuracy.  When  the  stimulua  is  of  such  a  strength  as 
to  produce  a  jmst  visible  contraction  it  is  spoken  of  as  a  minimal 
stimulus  and  the  resivdting  contraction  as  a  minimal  contraction. 
Stimuli  of  less  strength  than  the  minintal  are  de.'^ignated  as  sub- 
minimal. If  oni;  iiicreajfjcs  gradually  the  intensity  of  the  electrical 
current  used  as  a  stimulus  without  altering  its  duration,  beginning 
with  a  stirovilus  sufficient  to  cause  a  minimal  contraction,  the  result- 
ing contractions  increajic  proportionally  up  to  a  certain  maximum 
beyond  which  further  increase  of  stimuluSj  other  conditions  remain- 
ing the  same,  causes  no  greater  extent  of  shortening.  Contrao- 
tions  between  the  minimal  and  the  ma.\imal  are  designated  as 
submaximal.*     (See  Fig.  9.) 

*  P'ick,    "  UnterBUchungcti    tlber    elek(riBche    Nervenreizung,"    Braun- 
schweig, 1S64. 
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'jk  Bifect  of  Temperature  upon  the  Simple  Contraction.— Varia- 

■QBs  in  temperature  affect  both  the  extent  and  the  duration  of  the 
COBtraction.  The  relationship  is,  however,  not  a  simple  one  in  the 
cue  of  the  frog's  muscle  upon  which  it  has  been  studied  most  fre- 
qwDtly.  If  we  pay  attention  to  the  extent  of  the  contraction  alone 
it  will  be  found  that  at  a  certain  temperature,  0°  C,  or  slightly  below, 


>!■•  ''ffect  of  tcmperatUM!.     'i  tn    'i     ii  iiiun  :   ut  whioh  the 
'   -ated  nn  the  fifpire.      In  ttur-  cxpcnuieiit  n  larite  rfuii»- 
ii.lury  rircuit  so  that  chftngr^  in  tho  I'CMfltanc^  <<f  the 
^^  xjul  oBect  the  otTength  of  the  stimuiua. 


tiw  muscle  loses  its  irritability  entirely.      As  its  temperature  is 
^^ntt»ti  a  given  stimulus,  i-hosen  of  such  a  strength  a-s  to  lie  maximal 
^^nbr  the  muscle  at  room  tempenitures,  causes  greater  and  greater 
^^BfiootrBctions  up  to  a  certain  maximum,  which  in  reached  at  about 
^m^  to  9°  C.    As  the  temperature  rises  beyond  this  point  the  con- 
^  tractkma  decrease  somewhat  to  a  minimum  that  is  reaclied  at  al>out 
IS'  to  18*  C.      Beyond   this  the  tontractions   again   increase  in 
extent  to  a  second  maximum  at  about  26°  to  30"  C,  this  maxi- 
nmin  being  in  some  cases  greater,  and  in  others  ]es.s  than  the  first 
maximimi.     Beyond  the  second  maximum  the  contractions  again 
decrease  rather  rapidly  as  tho  temfjeratiire  rises  until  at  a  certain 
temperature,  37**  C,  irritability  is  entirely  lost  (Fig.  10).  If  the  tem- 
perature is  raised  .somewhat  beyond  thi.s  latter  point  heat  rigor  makes 
its  appearance,  and  tho  muscle  may  be  considered  as  dead.  The  re- 
lationship lietween  temperature  and  extent  of  contraction,  therefore, 
may  be  expressed  by  a  curve  sueh  as  is  represented  in  Fig.  11,  in 
which  there  are  two  maxima  and  two  points  at  which  irritability  is 
kwt.  The  second  maximum  indicates  a  fact  of  general  physiological  in- 
terest,— namely,  that  inallof  the  ti.ssuesof  the  body  there  i.s  a  certain 
In^  temperature  at  which  optimum  activity  is  exhibited,  and  if  the 
iperature  is  raised  Ijey ond  this  point  functional  activity  becomes 
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Fijy.  11. — Curve  to  show  the  eflect  of  a 
rifle  o(  tempernturc  from  0°  C  to  38°  C.  upon 
the  height  of  contractinn  nt  frog'a  muscle. 
The  first  maximum  at  B*  C.  the  aeeond  •( 
28*  C.  Beyond  .■JS"  C.  the  muscle  loet  its 
irritability  and  went  into  riKor  mortis. 


Fijj.  12. — Curve  to  abow  the  effect 
of  a  rise  of  tetnperaluTO  frotn  S*C._to 
30' C.  upon  the  auralwn  of  contraction 
of  froic's  muscle.  Tlie  relative  dui*- 
tions  at  the  diflerent  temperatures  are 
reprcaented  by  the  height  of  the  cor- 
re.<iponding  ordinate^. 


Functional  activity  is  lost  usually  at  45°  C.  or  below.  The  duration 
of  the  contraction  shows  usually  in  frojrs'  muscle.s  a  simple  relation- 
ship to  the  changas  of  temperature.  At  low  temperatures,  4  or  5°  C, 
the  contractions  are  enormously  prolonged,  particularly  in  the  phase 
of  relaxation  :  hut  as  the  temperature  is  nii-sed  the  duration  of  the 
contractions  diminishes,  at  first  rapidly,  then  more  slowly,  to  a 
certain  point — about  18°  to  20°  €.,  l>eyond  wliich  it  remains  more  or 
less  constant  in  spite  of  the  changes  in  extent  of  shortening.  The 
relationship  between  duration  of  contraction  and  teniijcrature  may 
therefore  be  expretiscd  by  such  a  curve  a.s  is  ehown  in  Fig.  12,  in 
which  tJie  heights  of  tlie  ordinutes  represent  the  relati%'e  durations 
of  the  contractions.  Muscles  from  different  frogs  show  considerable 
minor  variations  in  their  reactions  to  changes  in  temperature,  and 
we  may  suppose  that  these  variations  dej>?nd  ufxin  differences  in 
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Butritive  condition.  In  this,  as  in  many  otluT  respects,  the  reac- 
tions ohtjiined  from  8c>-ca!te>(l  winter  frogs  after  they  liave  prepared 
lor  hibernation  are  more  regular  and  typical  than  those  obtained 
h  the  sprinR  or  summer. 

Effect  of  Veratrin. — The  alkaloid  vcratrin  exhibits  a  peculiar 

iUil  interesting  effect  ujwn  the  eontrnetion  of  muscle.     A  muscle 

liken  from  a  veratrinized  animal  ami  stimulated  in  the  usual 

tray  by  a  single  stimulus  gives  a  contraction  such  as  is  exhibited 

in  the  accompanying  cvirve  (Fig.  13).     Two  ix'culiarities  are  shown 

by  the  curve:    (1)  The  phase  of  shortening  is  not  altered,  but  the 

phwe  of  relaxation  is  greatly  prolongerl.     (21  The  curve  shows 

two  summits, — that  is,  after  the  first  shortening  there  is  a  brief 

niuation  followed  by  a  second,  slower  contraction.     The  cause 

of  this  second  shortening  is  not  known.     Biedemann  has  sug- 

fEsted  that  it  is  due  to  the  jire-scnce  in  the  niu.sde  of  tlie  two  kinds 

Oif  fibers — red  and  pale — which  were  spoken  of  on  p.  26,  and  that 


Ilg.   IX — Curve  showing  tbo  effect  qf  \>ermtrit]. 

tfbe  veratrin  dissociates  their  action,  but  this  explanation,  ac- 
cording to  Carvallo  and  Weiss,*  is  disproved  by  the  fact  that 
nniscleB  composed  entirely  of  white  or  red  fibers  show  a  .similar 
Itralt  ^m  the  action  of  veratrin.  It  would  seem  more  probable, 
tberpfore,  that  two  different  contract  ion  processes  arc  initiate*!  by 
the  stimulus,  one  much  more  rapid  than  the  other.  Many  other 
facts  in  pbysiologj'  speak  for  this  general  view  that  a  muscle  may, 
according  to  conditions,  give  either  a  (juick  contraction  (twitch) 
or  a  more  slowly  developing  contraction,  with  a  prolonged  pha.se  of 
relaxation.  This  latter  feature  constitutes  the  characteristic 
peculiarity  of  the  curve  of  a  veratrin  contraction.  A  somewhat 
wTwtUr  effect  is  produce<l  by  the  action  of  glycerin,  nicotine,  etc. 
We  have  in  such  sub.stances  reagents  that  affect  one  phase  of  the 
contraction  process  without  materially  influencing  the  other. 
^^■^  regards  the  veratrin  effect,  it  Ixn'-omes  less  and  less  miirked  if 
^H^  muscle  is  made  to  give  repeated  contractions,  but  reappears 
^^Hnr  a  suitable  period  of  rest.  The  peculiar  action  of  the  veratrin 
is,  therefore,  antagonized  seemingly  by  the  chemical  products 
during  contraction. 
*  "Journal  de  la  physiol.  et  de  la  path.  g6n^rale,"  1899. 
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dition  of  contracture.  By  contracture  we  mefin  a  state 
maintained  contraction  or,  looking  at  it  from  the  other  point 
view,  a  state  of  retarded  relaxation. 
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ff(  lA. — Eflcet  of  repeated  stsmulutinn;    comtiWe  curve.  BhowuiK  lul«  contracture. 
1»atlid»«i*«tiinuUt«d  by  induction  ehnrka  at  the  rato  n(  50  per  minute.     The  separata 
I  ■!•  to  doae  together  that  they  can  not  be  distinguulied . 


MKiiing  or  following  the  ttevelopmi-nt  nf  the  Htate  of  fatiput".  Whenever 
kominthi-  effi-ci  is  to  hold  the  rmiself  in  a  Ktaleof  iimiutnineil  cotilractiun, 
OB  which  is  sii|ier]X)seil  the  serieii  of  qukk  coiitractioiiK  anJ  relaxations  due 
totlwr  nepiirnto  stimuli.  When  the  eoiuJitiou  develoiis  eiiriy  in  the  funetiimal 
*ttjv!ty  of  the  fiiu.srie  (Fig.  H)  further  activity  utiually  cuubeji  it  lu  ilisa[)pcar, 


kled  stimulation,  curvo  "li'iwinK  nn  cnnlractorenr  wry  little, 
by  iaduciion  tihocl<.!i  at  (he  rate  of  fiti  per  nkiiiute.     A  very 

J  m   the   beBiiininjj.   but   imhsetjuently   the  contractions  show 

extent,  Um  rate  o(  relaxatiua  reaiaiainc  apparenUy  uncheaced. 


aitcl  Uic  condition  of  the  muwle  as  a  nicciiunism  for  prt>iiii)t  «tiort<'ning  and 
rel»x»ii(in  w  iiunntvcd.  We  have  in  tiiLtt  faet  uppareiidy  uii  iniltrution  of 
cme  w»y  in  which  the  "warmhjg  up"  exercise  hefure  athletie  roniests  may  he 
of  Taluc.     When  the  contraction  api>earH  late  in  the  wries  of  cfintraetiona 

•  Titicfl,  "rflURcr's  ArchivfUr  die  gesaninit*  PhyHii>](>uie,"  etc.,  13,  71, 1876. 
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it  is  usually  pemianent,  that  is  to  say,  it  wears  off  only  as  the  rauKcle  relaxes 
»lowiy  from  fatigue.  Toward  the  end  of  Buch  a  series  tlie  niUBcli;  is  uften 
practically  in  a  state  of  continuous  contraction,  a  condition  wliich  would 
nullify  it«  ordinary  uue  in  locorootion.  It  tieems  possible  that  cfrtain 
conditions  of  tonic  spasm  or  cramps  whicli  occur  during  life  may  involve  tliis 
prtwt'ss,  for  example,  the  t^'niiKirar)-  cramp  that  sometimes  attacks  a  player 
m  athletic  games,  or  the  curious  upatiniudic  condition  known  as  intermittent 
claudication,  in  which,  apparently  as  a  result  4>f  insufficient  circulation,  the 
musrh's  on  cxcrciw  are  thrown  into  a  state  of  tonic  timtraction.  From  the 
physiological  Htandpoint  the  plieiioincnon  of  contracture  when  conujared 
with  that  of  the  uimple  contraction  indicates  the  possibility  that  two  dinerent 
contraction  processes  may  take  place  in  muscle,  one  involving  the  state  of 
tone  and,  therefore,  the  lenptli  ami  hardness  of  the  muscle,  tue  other  con- 
trolling the  movement*  proper.  Thix  Hug^estion  hais  heen  made  by  a  number 
of  authore  *  on  varioue  grounds.  It  has  been  suggested  by  some  that  there 
are  two  different  contractile  subatancea  in  muscle,  one  giving  the  usual  quick 
contraction,  ahown  aa  a  "twitch,"  the  other  the  slower  contraction,  which 
exhibits  itaelf  aa  tone  or  contracture.  It  would  be  equally  as  permissible  to 
suppose  that  there  are  two  kincij*  of  chemical  proceaaoj*  which  may  occur  in 
muscle,  one  which  occura  with  expliMive  auddenneaa  and  causes  the  "  twitch," 
and  one  which  takes  place  slowly  and  causes  the  maintained  contraction 
fihown  in  conlracturt?.  This  latter  jMiint  of  view  ia  «up[)ort«i  by  the  work  of 
Hill,  referred  to  below,  which  shows  that  during  contracture  there  is  a  constant 
production  of  heat — that  is  to  say,  the  condition  is  one  really  of  maintained 
or  continuous  contraction,  and  not  simply  a  case  of  a  retardation  of  the  physical 
processes  of  rela.valion. 

The  Effect   of  Rapidly  Repeated  Contractions. — When  a 

muscle  is  .stimutated  repeatedly  by  stimuli  of  equal  strength  that 
fall  into  the  muscle  at  equal  iutervais  the  contractions  show  certain 
features  that,  in  a  general  way,  are  constant,  although  the  precise 
degree  in  which  they  are  exhibited  varies  curiously  in  different 
animals.  Such  curves  are  exhibited  in  Figs.  14,  15,  and  16,  and 
the  features  worthy  of  note  may  lie  .sj>ecified  briefly  a*  follows: 

1.  The  Irdroductorij  Contractions. — The  first  tliree  or  four  con- 
tractions decrease  .slightly  in  extent,  showing  that  the  muscle  at 
first  loses  a  little  in  irritability  on  accoimt  of  previous  contractions. 
This  phenomenon  is  frequently  absent. 

2.  The  Staircase  or  "  Treppe." — After  the  first  slight  fall  in 
height  has  passed  off  the  contractions  increase  in  extent  with  great 
regularity  and  often  for  a  surprisingly  large  number  of  contractions. 
This  gradual  increawe  in  extent  of  shortening,  with  a  constant 
stimulus,  was  first  noticed  by  Bowditch  upon  the  heart  muscle, 
and  was  by  him  named  the  phenomenon  of  "treppe,"  the 
German  word  for  stairca-se.  It  indicates  that  the  effect  of  activity 
is  in  the  l>pginning  l^eneficial  to  the  mu.scle  in  that  its  irritability 
steadily  incrcu.se.s,  and  the  fact  that  the  saine  result  has  been  ob- 
tained from  heart  muscle,  plain  muscle,  and  nerve  fibers  indicates 
that  it  may  be  a  general  physiological  law  that  functional  activity 
leads  at  first  tn  a  heightened  irritaltility.     According  to  Lee,t 

•  See  esf>e<<ially  Uexkiill,  "  Zentralblatt  f.  Physiotogie,"  1908,  22,  33;  also 
Gtienther,  "American  Journal  of  I'hysiolopy,"  ISO."*,  14,  73. 
t  See  "American  Journal  of  Physiology,"  1907,  18,  267. 
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the  "  treppe  "  in  inusclp  is  due  to  an  initial  inercaso  of  irritability 
set  up  by  the  chemical  products  formed  iluring  contraction. 

3.  CorUracture. — This  phenomenon  of  maintained  contraction 
has  been  described  al>ove.  In  frope'  muscles  stimulated  repeat- 
edly it  makes  its  appearance,  as  a  rule,  st>oner  or  later  in  the 
series  of  contractions;  but  tliere  is  a  curious  amount  of  variation 
in  the  muscles  of  different  individuals  in  this  respect. 

4.  Faiigfue. — After  the  period  of  the  "  treppe  "  has  passed,  the 
contractions  diminish  steadily  in  height,  until  at  last  the  muscle 
fails  entirely  to  respond  to  the  stimulus.  This  progressive  loss  of 
irritftbility  in  the  muscle  caused  by  repeated  activity  is  designated 
as  fatigue.  It  will  be  considered  more  in  iletail  under  the  head  of 
Comjxiund  Muscular  Contractions  and  in  Chapter  II.  The 
cur\'e  obtaine<I  in  an  experiment  of  this  kind  illustrates  in  a 
striking  way  one  of  the  general  characteristics  of  living  matter, 
namely,  that  every  effective  stimulus  applied  to  it  leaves  a  record, 
so  to  s|>eak.  The  muscle  in  this  case  is  in  a  changed  condition 
after  each  stimulus,  as  \s  indicated  by  the  difference  in  its  re- 
sponse to  the  succeeding  stimulus.  While  it  cannot  be  said  that 
a  similar  effect  has  been  shown  in  all  tissues,  still  the  evidence  in 
general  points  that  way,  and  some  of  the  complicated  phenomena 
exhil)ited  by  living  matter,  such  as  memory,  habits,  immunity, 
etc.,  are  referable  in  the  long  run  to  this  underlying  peculiarity. 

Lee  has  discovered  the  interesting  fact  thiit  while  in  frog's  miiBcle,  as  a 
rule,  fatigue  i«  aceoinpaiiicd  by  a  prolonjjation  of  the  cxu^'e,  especially  of  the 
phase  of  relaxation,  this  does  not  liold  for  manmmlian  nn>»cl<?.  In  tlie  latter 
muHrle  the  siiccwwive  contractions  become  tiuiallcr  as  fatigue  sets  in,  but  tlietr 
duration  is  not  increased. 


The  Contraction  Wave. — Under  ordinary  conditions  the  fibers 
of  a  muscle  when  stimulated  contract  .simultaneously  or  nearly  so, 
and  the  whole  extent  of  the  muscle  is  practically  in  tlie  same  phase 
of  contra«'tion  at  a  given  instant.  It  is  comparatively  easy  to 
show,  however,  that  the  process  of  contraction  spreads  over  the 
fibers,  from  the  point  stimulated,  in  the  form  of  a  wave  which  moves 
with  a  definite  velocity.  In  a  long  muscle  with  parallel  fibers  one 
may  prove,  by  proper  recording  apparatus,  that  if  the  muscle  is 
stimulated  at  one  end  a  point  near  tliis  end  enters  into  contraction 
brfore  a  point  farther  off.  Knowing  the  difference  in  time  between 
the  appearance  of  the  contractitm  at  the  two  points  and  the  dis- 
tance apart  of  the  latter,  we  have  the  ilata  f'>r  deteritiiuing  the 
velocity  of  its  propagation.  In  frog's  mu.scles  this  velocity  is 
fotiod  to  be  equal  to  3  to  4  meters  per  secontl,  while  in  human 
mu»('le,  at  the  body  temperature,  it  is  estimated  at  ItJ  to  I'i  meters 
per  second.  Knowing  the  time  it  takes  this  wave  to  pa-ss  a  given 
point  id)  and  its  velocity  (t>),  its  entire  length  is  given  by  the 
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formula  i  =  I'f/.  In  the  frog's  muscle,  therefore,  with  a  velocity  of 
3000  uiiu.  per  set;oiicl,  and  a  duration  of,  say,  0.1  second,  the 
pruduc;t  (iltXlOXO.l  =300  imns.)  gives  the  length  of  the  wave  or 
the  letigtli  of  luuHtte  which  is  in  sonie  pliuse  of  contractifin  at  any 
giveti  instant.  Under  tionnal  conditions  the  muscle  fibers  are 
stimulated  through  their  motor  plates,  which  are  situated  toward 
the  middle  of  the  fiber,  or  perhaps  one  muscle  fiber  may  have 
two  or  more  motitr  plates,  giving  two  or  more  p<unts  of  stimula- 
tion. It  follows,  therefore,  from  this  anutoniica!  arrangement 
an<l  the  great  velocity  of  the  wave  that  all  parts  of  the  fibers 
are  in  contraction  at  the  .same  instant  and.  indeed,  in  nearly  the 
same  pha.se  of  contraction.  Under  abnormal  conditions  nmscles 
may  exhibit  fibrillar  contractions;  that  is,  separate  fil^rils  or 
bujidle.s  of  fibrils  contract  and  relax  at  different  times,  giving  a 
flickering,  trembling  movement  to  the  muscle. 


IdiomuBCulor  Contractione. — In  a  futij^ied  or  moribund  muscle  mechan- 
ical stliTiiilttlion  may  givii  a  localized  contraction  which  docs  not  spread  or 
spreads  verj'  slowly,  showing  that  tlie  abnormal  changes  in  the*  muswle  prevent 
tne  excitation  from  traveling  at  its  normal  velocity.  A  localized  contraction 
of  this  kind  was  designated  by  ScliifT  us  an  idiomuscular  contraction.  It  mav 
be  producpii  in  the  muwlt!  4<f  a  dyin^  or  ncf ntly  dead  animal  by  localixwl 
mechanical  nlimulation,  a.H  by  drawing  a  blunt  inntrument — <•.  r/.,  the  handle 
of  a  Ncalpel  acrusa  tiie  b«lly  of  the  nuwcle.  The  jminl  thus  stimulated  standa 
out  as  a  wheal,  owing  to  the  idiomuacular  contraction. 

The  Energy  Liberated  in  the  Contraction. — 'V\1icn  a  muscle 
contracts,  energy  is,  as  we  say,  liberated  in  several  forms,  and 
can  be  measured  quantitatively.  First  there  is  a  production  of 
heat,  which  Ls  indicated  by  a  rise  in  temperature  of  the  miLscIe. 
According  to  Heidenhain,  the  temperature  of  the  frog's  miiscle 
is  increased  in  a  single  contraction  hj' 0.001  °  C.  toO.lMJ.'i''  C.  larger 
muscles,  such  as  those  of  the  thigh  of  tlie  dog,  when  repeatedly 
.stimulated  may  cau.se  a  rise  of  temperature  of  from  1*  to  2°  C. 
The  thermometer  does  not,  of  course,  measure  the  amount  of  heat 
produced,  but  only  the  temperature  of  the  muscle.  Heat  is  esti- 
mated quantitatively  in  terms  of  calories.  By  a  calorie  is  meant 
the  quantity  of  lieat  nece.s.sary  to  raise  1  gm.  of  water  1°  C. 
Knowing  the  specific  heat  and  weight  of  muscle,  we  can  readily 
calculate  the  number  of  calories  produced.  Thus,  if  a  frog's 
muscle  weighing  2  gms,  shows  a  rise  of  temiierature  of  0.005°  C. 
from  a  single  contraction  the  production  of  heat  in  calories  'is  given 
by  multiplying  the  weight  of  the  muscle  by  its  specific  heat, 
0.83,  to  reduce  it  to  an  equivalent  weight  of  water,  and  this 
product  by  the  rise  in  temjierature :  2  X  HM  X  0.005  =  0.0083 
calorie.  The  fact  that  muscular  exercise  increases  the  produc- 
tion of  heat  in  the  bodv  is  a  matter  of  general  observation.     Making 
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of  a  very  sensitive  thermo-couple,  Hill*  has  been  able  to 
regpster  the  pro<luctiuii  of  heat  in  an  excist'd  frog's  iiiuselc.  In  the 
case  of  a  simple  contraetion  or  twitch,  the  profluction  of  the  heat 
is  practically  instantaneous,  indieating  an  umlrrlyinR  (■hcniieal 
change  of  ex])losive  .su(l(lemies.s.  Wlien  the  eont faction  is  pro- 
longed, as  in  the  case  of  "  contracture,"  or  coiniitiiins  of  "  tone," 
there  is  a  correspomlingly  slow  prociui'tion  of  lieat,  whii-h  must 
be  referred  to  chemical  changes  of  a  niore  fleliberate  character. 
Se<;ond.  Some  eleetrieal  energy  is  ilevelofied  diirtng  the  contrac- 
tion. The  means  of  detecting  ami  measuring  this  energy  will  be 
described  in  a  su')^equent  chapter.  Considered  f|uantitatively, 
the  amount  is  small.  Third.  Work  is  (^lone  if  the  muscle  is  ai- 
lowetl  to  shorten  tUiring  the  contraction.  By  work  is  meant 
external  or  useful  work — that  is,  the  muscle  lifts  a  weight  or  over- 
comes an  opposing  resistance.  If  a  muscle  coutracis  against  a 
weight  too  heavy  to  ht-  lifti'd,or  a  resistance  too  strong  to  hr  over- 
come, it  does  no  external  work,  although,  of  course,  much  energy 
is  lilwrated  a.s  heat  or,  as  it  is  sometimes  called,  internal  work. 
The  work  done  by  a  niuscle  during  eor»traction  is  mettsured  in  the 
usual  mechanical  units,  l>y  the  product  of  the  load  into  the  lift. 
That  is,  if  a  muscle  lifts  a  weight  of  40  grams  to  a  height  of  10 
millimetenii,  the  work  done  is  40  X  10  =  400  gram-millimeters,  or 
0.4  grammeter.  We  can  in  calculations  convert  exttrnal  work 
into  lieut  or  internal  work  i»y  making  use  of  the  a.seertained 
mechanical  equivalent  of  heat,  according  to  which  1  calorie  = 
426.5  grarameters  of  work.  The  work,  0  4  grammeter,  HUiij^sed 
to  be  done  in  the  above  experiment,  woaild  be  equivalent,  there- 
fore, to  0.4  -^  426,  or  about  (K<H)l  of  a  calorie. 

The  Proportion  of  the  Total  Energy  Liberated  that  may 
be  Utilized  in  Work.-  .Ml  of  the  energy  liticiated  in  ffie  muscle 
ha*  it«  origin  in  the  chemical  changes  that  follow  upon  stimulation. 
We  assume  that  tliese  changes  are  such  that  complex  ruileciiles 
are  broken  down,  with  the  fomiafinn  of  simpler  ones,  and  rhat 
.Home  of  the  so-(  ailed  c-hemical  or  interna!  energy  Ihal  holds  togetfier 
the  atoms  in  the  complex  molecule  is  liderateei  and  takes  the  three 
forms  descriljed  above.  The  chemical  changes  occurring  in  the 
tiiuiM'ic  during  contraction  are  comidex  and  not  entirely  undersfoofl, 
but  the  significant  ones  from  our  prci^ent  standpoini  are  oxidations 
which  destroy  some  of  the  material  in  the  muscle,  with  the  forma- 
Iton  of  cirbon  dioxid  and  water  and  the  ltl>eration  of  heal.  It  is 
a  matter  of  interest  to  inquire  a.s  to  (he  proportion  of  the  total 
}  -'jy  which   may   lx>  converted  into  useful  work  and  the 

1-   under  which    the   optimum   amount   of  work   may   Iw 
rrftliisetl.     Regarded    from    Ihis   standf;<»int,    the    muscle    may    In? 

•  HiK,  "Journal  of  PliysioloRV,"  40,  389, 1010. 
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considered  as  a  piece  of  machinery  comparable,  let  us  say,  to  a  gas 
engine.  In  the  latter  the  heat  generated  by  the  explosive  chemical 
change  is  converted  partially  into  external  work  by  a  properly 
adapted  mechanism — and  in  a  well-constructed  engine  as  much 
as  15  to  25  per  cent,  of  the  total  energy  may  be  obtained  as  work. 
In  the  muscle  there  is  also  a  mechanism  of  some  kind,  not  as  yet 
understood,  by  means  of  which  a  part  of  the  energj-  liberated 
may  be  converted  into  work.  Experiments  made  by  Fick  with 
frogs'  muscles  indicate  that  the  proportion  of  the  total  energy 
which  under  optimum  conditions  may  be  utilized  as  work  is,  in 
round  numbers,  from  25  to  30  per  cent.  Chauveau,*  in  experiments 
made  upon  the  elevator  of  the  upper  lip  in  the  horse,  found  a  pro- 
portion of  only  12  to  15  per  cent.  The  last  ob8er\^er  points  out 
that  this  proportion  must  vary  greatly  for  different  muscles  and 
for  muscles  in  different  animals,  while  for  the  same  muscle  it  will 
varj'  with  the  extent  and  duration  of  the  contractions  and  other 
conditions.  From  experiments  made  upon  dogs  in  which  a  meas- 
ured amount  of  work  was  done  and  in  which  the  energy  changes 
were  estimated  from  the  oxygen  absorbed  and  carbon  dioxid 
eliminated.  Zuntz  t  calculates  that  somewhat  more  than  J  of  the 
total  chemical  energy  liberated  in  the  muscles  may  be  applied  to 
external  work,  the  other  §  taking  the  form  of  heat.  Similar  ex- 
periments made  by  the  same  ol)server.  J  upon  men  have  indicated 
that  the  muscles  work  most  economically  in  lifting  the  weight 
of  the  IxKiy.  a.s  in  mountain-climbing.  In  this  form  of  muscular 
work  he  estimates  that  from  35  to  40  per  cent,  of  the  heat  energy 
yieldeil  by  the  material  oxidized  in  the  body  may  take  the  form 
of  external  work.  When  the  muscular  work  performed  was  effected 
by  the  nmsclcs  of  the  arni.s  and  up|)er  part  of  the  body,  as  in  turning 
a  wheel,  a  smaller  yield  (25  per  cent.)  wjis  obtained.  It  appears 
from  these  figures  that  the  muscular  machine  is  an  especially 
efficient  one  as  regards  the  amount  of  external  work  that  can  be 
obtained  from  the  oxidation  of  a  given  amount  of  material,  and 
Zuntz  has  shown,  in  the  work  previously  referred  to,  that  this 
efficiency  may  be  increii.sed  by  training;  that  is,  by  the  repeated 
use  of  a  group  of  muscles  a  more  economical  application  may  be 
made  of  the  lil>eratpd  energ>'  in  the  performance  of  work. 

The  Curve  of  Work  and  the  Absolute  Power  of  a  Muscle. — 
The  statements  in  the  preceding  paragraph  prove  that  the  muscle, 
judged  from  the  standpoint  of  a  machine  to  do  work,  compares  most 
favorably  in  its  efficiency  with  machinery'  of  human  construction. 
But  it  should  l>e  borne  in  mind  that  in  this  as  in  other  respects  the 
properties  of  cross-striat^nl  muscular  tissues  var>'  greatly.   In  some 

•  ChainTau,  "  I^e  travail  munculaire.  etc.,"  Paris,  1891. 

t  Zunti.  ".\rchiv  f.  d.  gwiammte  PhyHiologio,"  68,  191,  1897. 

i  ZunU  and  Schumbcrg,  "  Physiolofd^  dee  Marsches,''  Berlin,  1001. 
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.  Fin-  18. — The  «rarv«  of  work  obtained  by  plotting  the  retniltg  shown  in  Pig.  17.  ThB 
initial  contrAftion  waa  ruiule  with  u  load  of  M.J  pan.,  nntl  the  work  done  in  psm-milli- 
tnet«n  i»  r^prw«ot«d  by  the  ordinate  erpctetl  at  this  pninl.  Th«  inaximuni  work  waa  don* 
with  a  load  of  S8.6  (ma.,  and  the  absolute  iiower  of  this  purlicular  iiiuacle  waa  found  to  be 
•quai  to  163  ciua. 

variations  in  muscular  strength  in  different  individuals,  and  isproved 
more  precisely  by  direct  experiments  on  single  muscles.     A  frog's 
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muwle  may  be  isolated  and  the  extent  of  its  contractions  and  the 
work  done  may  be  estimated  directly.  Under  such  oondititms  it 
will  Ixj  found  that,  while  the  height  of  the  successive  contractions 
diminishes  as  the  load  increases  (see  Fig.  17),  the  work  done — that 
is,  the  product  of  the  load  into  the  lift — first  increases  and  then 
decreases.    For  example: 

.  .    _  Work  Doit*  in  Onxm-miUim  man 

Load  m  Oram*.  Lift  in  MOlimtUn.  Load  X  UIU 

6  27.6  138.0 

15  25.1  376.5 

25  11.45  286.25 

35  6.3  220.5 

A  series  of  experiments  of  this  kind  furnishes  data  for  con- 
htrutrting  a  curve  of  work  by  plotting  off  along  the  abscissa  at  equal 
inU'rvais  the  (iqual  increments  in  load  and  erecting  over  each  load 
an  ordinate  showing  the  proportional  amount  of  work  done.  The 
curve  Juis  the  general  form  indicated  in  Fig.  18.  Three  facts  are 
exprcHWfd  by  this  curAX'.*  First,  that  if  the  mascle  lifts  no  weight 
no  work  will  Ik;  done;  this  follows  theoretically  from  the  formula 
W  L  If,  in  which  W  represents  the  work  done,  L  the  load,  and 
//  the  lift.  If  cither  L  or  //  is  ecjual  to  zero  the  product,  of  course, 
Is  zero;  that  is,  no  external  work  i.s  done;  the  chemical  enei^ 
lilxirated  in  tlu;  contraction  takes  the  form  of  heat.  Under  such 
circumHtanc(;H  tlu;  amount  of  heat  given  off  from  the  muscle  should 
Ik!  gnjater  than  when  a  load  is  lifted.  In  accordance  with  this 
fact  it  is  found  tliat  a  muscle  lifting  a  light  load  gives  off  more  heat 
tiuring  the  contraction  than  when  lifting  a  heavier  load.  Second. 
There  is  an  optiinuiii  load  for  each  muscle  with  which  the  greatest 
proportion  of  work  can  l)e  obtained.  Third.  When  the  load  is  just 
sufllcient  to  countenict  th<i  contraction  of  the  muscle  no  work  is 
done,  //  in  the  al>ove  formula  I)eing  zero.  This  amount  of  load 
measures  what  Weber  called  the  absolute  power  of  the  muscle. 
As  will  Iw  Ke<»n  from  the  above  our\'e,  it  is  measured  by  the 
weight  which  the  niu.scle  cannot  lift  and  which,  on  the  other 
hand,  cannot  caus<>  any  extension  of  the  nmscle  while  contracting. 
Or,  in  more  general  terms  (Hennann),  the  absolute  power  of  a 
nmscle  is  the  nuixinunn  of  ten.xion  which  it  can  reach  without 
alteniticm  of  its  natunil  length.  This  absolute  power  can  be 
measure<l  for  the  muscles  of  different  animals  and  for  convenience 
of  compariMin  can  then  Ih»  expressed  in  tenns  of  the  cross-area 
of  the  nmscle  given  in  sipiare  c<'ntimeters.  Wel)er  has  shown 
that  the  absohite  jHiwer  of  a  nmscle  varies  with  the  cro.«4s-area,  since 
this  de|K'nd.H  u|Km  the  numln'r  of  constituent  fil)ers  whose  united 
contnu'titHi  makes  the  e(»ntraction  of  the  muscle.  Kxpre.ssed  in 
this  way,  it  is  found  that  the  absolute  jxiwer  of  human  mu.scle  i.s, 
hi/<'  f«>r  size,  much  greater  than  that  of  frog's  muscle.    For  in- 
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'  absohito  power  of  a  frog's  imisolo  of  1  sfjuare  centimeter 
is  estimated  at  from  0.7  kilogram  to  '.i  kilograms,  while 
that  of  a  hunuin  muscle  of  the  same  size  is  estimated  by  Hermann 
At  6J4  kilograms.  Taken  as  a  whole,  the  human  muscle  is  a  better 
lOMhine  for  work,  but  it  seems  possible,  although  exact  figures  are 
beking,  that  the  absolute  jx>wer  of  the  nni!<clos  of  some  inseets 
iedcrae<i  for  the  same  unit  of  cross-area  would  be  much  greater 
thio  in  human  muscle. 

COMPOUND  OR  TETANIC  CONTRACTIONS. 

Definition  of  Tetanus  — When  a  muscle  receives  a  senes  of 
r^ijdly  repeated  stimidi  it  remains  in  a  condition  of  contraction  as 
kiogas  the  .stimuli  are  sent  in  or  until  it  loses  its  irritability  from 
the  effect  of  fatigue.     A  contraction  of  this  character  is  described 
MI  compound  contraction  or  tetanus.     If  the  .stimuli  follow  each 
other  with  sufficient  rapidity  the  muscle  shows  no  external  sign  of 
^Hoution  in  the  intervals  between  stimuli,  and  if  its  contractions 
•re  recordwi  upon  a  kymographion  by  means  of  an  attached  lever 
t  run'e  is  obtained  such  as  is  shown  at  5  in  Fig.  19.     A  con- 
traction of  this  character  is  ilescribed  as  a  complete  tetanus.     If, 
however,  the  rate  of  stimulation  is  not  sufficiently  rapid  the  mus- 
H   <i*  •'ill   relax  more  or  les,s  after  each  stimulus  and  its  recorded 
■^tirve,  therefore,  will  present  the  appearance  shown  in  1,2,  .3,  and 
^■4af  i^  19.   A.  tetanus  of  this  character  is  described  as  an  incom^ 
^P^irte  tetanus.     It  is  obvioiLs  that  according  to  the  mte  of  stinui- 
I       htioa  there  may  l)e  numerous  degrees  of  incomplete  tetanus,  as 
j       liiown  in  Hg.  19,  extending  from  a  series  of  separate  single  con- 
tnetious.  on  the  one  hand,  to  a  pcj-fect  fusion  of  the  contractions, 
%  •ODiplete  tetanus,  on  the  other.     Tetanic   contractions  jire.sent 
Iwo  peculiarities   in   a<ldition   to  the  mere   matter  of   duration, 
ich  is  governed,  of  course,   by   the   duration  of  the  stimu- 
First,  the  more  or  less   complete  fusion  of  the  contrac- 
ttxts  due  to  the  separate  stimuli.    This,  as  stateil  above,  is  the 
(fisUnctive  sign  of  a  tetanus.    Second,  the  i)henonienon  of  sum- 
flUtion  in  consequence  of  which  the  total  shortening  of  the  muscle 
b  tetanus  may  be  considerably  greater  than  that  caused  by  a  maxi- 
mal simplf  contraction. 

Summation. — The  facts  of  summation  may  Ix;  shown  most  read- 
ily by  employing  a  device  to  send  into  the  nmscle  two  successive 
IHirauli  at  var>'ing  inter\'als.  If  the  second  stimulus  falls  into  the 
bii5ple  at  the  apex  of  the  contraction  cau.scd  by  the  first  stimulus, 
Ih  '\  if  the  first  contraction  is  maximal,  the  muscle  will  shorten 

U:  I  ii<r;  the  first  and  .second  contractions  are  sunimated,  giv- 
ing a  total  shortening  greater  than  can  be  obtained  by  a  single  stim- 
ulus («ee  Fig.  20).  The  extent  of  the  sumniaticui  in  .such  cases 
varies  with  a  number  of  condition.s,  such  as  the  intervals  between  the 
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stimuli,  the  relative  strengths  of  the  stimuli,  the  load  carried  by  th< 
muscle,  etc.  Taking  the  simplest  conditions  of  a  niotierately  loade< 
muscle  and  two  maximal  stimuh,  it  is  found  that  the  greatest  sumi 


Tig.  \9. — AoAlyiis  of  tetanus.  Kxpenment  made  upon  thefcaatrocnemiuninusclMof  I 
froffto  «huw  (hut  by  increasing  the  r&t«  of  atimulatioa  the  controcUocui.  ml  first  .•lepanb 
tl),  fuM  more  and  more  ChroUKh  a  aeries  ot  incomplete  tctani  ('J',  3,  4)  into  a.  eoBDplete  tetann 
(M  in  which  tbem  li  no  iadicatiloo,  ao  far  aa  Ibe  raoord  soea,  of  a  aeparate  en«ct  for  Mfll 
ttimulua. 

mation  occurs  when  the  stimuli  are  so  spaced  that  the  second  contrao 
tioii  begins  at  the  apex  of  the  first .  If  the  stimuli  are  closer  together 
80  that,  for  instance,  the  second  contraction  follows  shortlj*  afte 
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f^-  30  — Siunmntion  of  two  suooesrive  eontrsctinns.  Curve  I  shows  a  dimple  coB- 
iiM^ion  dxte  lo  a  ancle  etimuJua,  tbe  Uteut  period  beinx  indicated  »t  ttic  besinniiig  of  tba 
"Ainction.     Currc  2  iifaow*  ttw  sumnution  due  to  two  eucceeding  stimuli.. 

la^'.f^il  «>f  two  we  use  three  successive  stimuli,  faUiiig  into  tlie  muscle 
4t  proper  intervals,  a  still  further  summation  occurs.  In  tliLs  way 
ibe  total  extent  of  shortening  in  a  muscle  conipletc4y  tetaiiized  may 
l*«ver»l  times  as  great  as  that  of  a  .sinplf  niaxinial  {'ontractirm. 
I  The  Discontinuous  Character  of  the  Tetanic  Contraction 
—•The  Muscle-tone. — In  complote  tetanus  the  niu^^dc  seems  to 
bt  in  a  ccmtlition  of  continutnts  imifonn  ctmtraction;  t}ie  re- 
ttxdnl  curve  shows  no  sign  of  relaxation  between  stimuli  and  no 
external  indication,  in  fact,  that  the  separate  stimuli  do  more  than 
muatain  a  state  of  uniform  contraction.  It  can  lie  shown,  how- 
^^^^k  that  in  reahty  each  .stimulus  hat)  it.s  own  effect,  and  that  the 
^^^^■UeiJ  changes  underlying  the  phenomenon  of  contraction 
^^^^^^^binterrupted  series  corresponding,  within  limits,  to  the 
^^m^Ti  stimuli  sent  in.  The  clearest  proof  for  this  belief 
ii  found  in  the  electrical  changes  that  result  from  each  stinmlus, 
ttd  the  fa<ns  relating  to  this  side  of  the  question  will  he  stated 
^^•uhaequently  in  the  chapter  on  The  Electrical  Phenomena 
^■if  Muscle  and  Nerve.  Another  proof  is  found  in  the  phenome- 
^Boo  of  the  muscle-tone.  When  a  muscle  is  stimulated  directly 
^Pbr  through  its  motor  nerve  a  musical  note  may  be  heard  by 
^  applying  the  ear  or  a  stethoscope  to  the  muscle.  The  note  that 
k  he^rd  corresponds  in  pitch,  up  to  a  certain  point,  with  the  num- 
ber oC  Btimuli  sent  in, — that  i.s,  the  muscle  vibrates,  as  it  were,  io 
•  Von  Krira,  "Archiv  fUr  Phj  siologie,"  1888,  p.  .5:17. 
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Uiiison  with  the  number  of  stimuli,  and,  although  the  vibrations 
are  not  sufficient  to  affect  the  recording  lever,  they  can  be  heard 
as  a  musical  note.  This  fact,  therefore,  may  be  taken  as  a  proof 
that  during  complete  tetanus  there  Ls  a  discontinuous  series  of 
changes  in  the  muscle  the  rate  of  which  corresponds  with  that  of  the 
stimulation.  The  .series  of  electrical  changes  corresponding  with  the 
series  of  stimuli  sent  in  may  be  made  audible  by  applying  a  tcle|)hone 
to  the  mu.«cle.  Making  use  of  thi.>«  method,  We<ienski*  has  shown 
that  the  ability  of  the  muscle  to  re.spond  isorhythmic^lly  to  the 
rate  of  stimulation  is  Uniited.  In  frog's  muscle  the  pitch  of  the 
musical  tone  may  correspond  with  the  rate  of  stimulation  up  to 
about  20(]  istiniuli  |>er  second.  In  the  muscle  of  the  warm-b]f>oded 
animal  the  correspondence  may  extend  to  about  lOtXJ  stimuli  j)er 
second.  If  the  rate  of  stimulation  Ls  increased  beyond  these 
limits  the  musical  note  heard  does  not  correspond,  but  falls 
to  a  lower  pitch,  indicating  that  some  of  the  stimuli  under  these 
conditions  become  ineffective.  It  should  \\e  added  that  the  high 
figures  given  al>ove  for  the  correspondence  between  the  stimuli  ajxd 
the  muscle-tone  hold  gootl  only  for  entirely  fresh  preparatioius. 
The  lability  of  the  mu.scle  quickly  becomes  less  as  it  is  fatigued:  so 
that  Ln  the  frog,  for  instance,  the  correspondence  in  long-continued 
contractions  Ls  accurate  only  when  the  rate  of  stimulation  does 
not  excwd  ;^>  |K?r  second. 

The  Number  of  Stimuli  Necessary  for  Complete  Tetaaus. — 
The  number  of  stimuli  necessary  to  produce  complete  tetanus 
varies,  as  we  should  exjiect,  with  the  kind  of  muscle  used  and  in 
accordance  with  the  rapidity  of  the  process  of  relaxation  shown 
by  the.sc  nnuscles  in  simple  contractitms.  The  series  that  may  be 
arranged  to  demonstrate  this  variation  is  quite  large,  extending 
from  u  .supposed  rate  of  300  per  second  for  insect  muscle  to  a  low 
limit  of  one  stimulus  in  .■>  to  7  seconds  for  plain  mu.'^cle.  The  frog's 
muscle  goes  into  complete  tetanus  with  a  rate  of  stimulation  of 
from  20  to  liO  jM^r  second.  Inasmuch  as  the  rapitlity  of  relaxation 
of  the  muscle  is  much  retarded  by  certain  influences,  such  as  a 
low  temperature  or  fatigue,  it  follow.s  that  the.^e  same  influences 
aflfect  in  a  corresponding  way  the  rate  of  stimulation  necessary  to 
give  complete  tetanus.  A  frog's  miLscle  stimulated  at  the  rate  of 
10  stinuili  per  second  may  record  an  inuomplete  tetanus,  but  if  the 
stimuhis  is  maintaitred  for  some  time  the  tetanus  finally  becomes 
comjtlL'te  in  consequence  of  the  slowing  of  the  pha.se  of  relaxation, 
or,  what  is  probably  the  truer  way  of  looking  at  the  iiiatter.  in 
consef|uerK'e  of  the  development  of  that  condititju  of  maintained 
contraction  which  has  been  spoken  of  above  as  contracture. 


•  Wi-dfiiKki,    "  Du   rhvthme  musculairc   dans  la  contraction  normale," 
"Archivi's  (ie  phy.siologii',"'  1S91,  p.  58. 
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Voluntary  Contractions. — After  luscertttining  that  muscles  may 
either   simple    or    tetanic    coutraotions    one    asks    naturally 
•rtirther  in  our  voluntary    movements   we   can   also   obtain    both 
surU  of  contnu-tions.     Iii  the  tirst  place,  it  i.s  obvious  that  most 
of  our  voluntary  movements  are  ton  long  continued  to  be  simple 
eeatrsctions.     The  time  element  alune  vvmiUl  ]>hu-e  them  in  the 
ptnip  of  tetanic  contractions,  and   this  is  the  usual  com-lusion 
reganijng    them.      In    voluntary    movements    a    neuromuscuhir 
nism  comes  into  play.     This  mechanism  consists,  on  the 
If  side,  of  at  least  two  nerve  units  or  neurons  and  the  muscle, 
«  tndicaletl  in  the  accompanying  diitgrara  (Fig.  21).     If  in  ordi- 
Miy  volunt an*  movements  the  muscular  contractions  are  tetanic, 
ve  muHt  suppose  that  the  motor  nerve  cells  ciischarge  a  series  of 
aerre  impuLses  through  tlie  motor  nerve  into  the  muscle.     The 
CQQtraction  of  voluntary  muscle  has  been  investigated,  therefore, 
varioua  ways  to  ascertain  whether  there  is  any  objective  indi- 
jon  of  the  nuralier  of  sefiaratc   contractions   that  are  fused 
thcr  to  make  this  normal   tetanus.     In  the  first  place,  the 
'foovements  of  the  muscles  have  been  recorded  giaphically 
or  tambours.     The  records  thus  obtained  show  that  o\ir 
woal  contractions  are  not  entirely  complete  tetani — that  is,  there 
H  an  indication  in  some  part 
_o(  ibe  curve  of  the  single  con- 
tjons  that  are  being  fused. 
ig  to  most  observers,* 
'ifeords  show  that  our 
lal  conira<'tions  are  com- 
pounded   of    single    conlrac- 
Qnos  following  at  the  rate  of 
10  per  second,  or,  in  other 
metis,    the    motor    neurons 
liw  liBl£r    about  10  impulses 
per  second  into  the  mu.sclc. 
The  so-called  natural  iniisde- 
haa  been  used  for  the 
purpose.     When    one 
{iaecB  a  stethosco(>e  or  lays 
Im  ear  upon  a  contracting 

mvade  a  low  tone  ia  heant,  the  pitch  of  which  corresponds  with  40 
▼fiirations  per  second.  It  was  fornierly  a.ssumed  tliat  this  note 
dooe  not  represent  the  actual  rate  uf  stimulation  of  the  muscle, 
the  number  is  higher  than  that  obtained  by  some  other 
loda.  A  rate  of  ;i5  to  40  vibrations  per  secoml  corresponds 
!  resonance  tone  of  the  external  ear  and  it  is  possible  that  the 
kU8cle  tone  may  have  a  lower  pitch,  and  that  the  ear  picks 
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Tut.  2 

tinn  of  the  HkeletaJ  (voluntary}  muxclps:  1, 
the  intercentral  (pyramidal)  neuron;  2,  ttie 
gpioal  DBuroD:  3,  tri«  muscle. 


Horalpy  ati<l  Soharor,  "  Jounml  of  l\viiioioKy',"  7,  }M5,  ISSG. 
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out  by  its  own  resonance  one  of  the  overtones.  Helmholtz  made 
use  of  a  simple  and  direct  method  to  determine  this  point.  He 
utilized  the  principle  of  sympathetic  vibrations,  according  to 
which  a  vibrating  body  will  be  set  into  movement  most  easily 
by  vibrations  that  correspond  in  number  to  its  own  period. 
Helmholtz  attached  to  the  muscle  watch  springs  that  had 
different  periods  of  vibration,  and  found  that  when  the  muscle 
was  contracted  the  spring  that  vibrated  20  times  per  second 
was  set  into  most  active  movement.  He  concluded,  therefore, 
that  the  muscle  receives  20  stimuli  per  second  in  ordinary  con- 
tractions and  that  the  tone  that  is  heard,  40  vibrations  per 
second,  represents  the  first  overtone.  The  whole  subject  has 
been  reinvestigated  more  recentl)'  by  employing  the  "string 
galvanometer"  (.see  p.  100)   to  record  the  number  of  electrical 


Tig.  22. — The  upper  curve  shows  (he  vibrations  nf  the  "striTin"  of  tli»  fttrinK  ipil- 
vanometer  during  volunnry  CHintraetion  of  the  flexor  of  the  fitiBi»i:<.  Eich  vibration  i.i 
due  to  an  plertriial  oxcilLutiuji  in  the  mUMcle  (action  currentj.  Tliese  osrillatioiu  occur  at 
(he  rule  of  ji>  per  secoiiil,  a.«  may  be  seen  by  reference  to  the  lower  curve,  ihe  br^aki'  in  whieh 
indiralp  liflh-!  of  a  nemnd.  lliiv  (act  would  iiidicale,  therefore,  that  in  Ihe  vnluatar>'  con- 
tractiou  we  liave  a  tetanun  cotiiixHied  of  single  coiitractionK  lotlowinK  at  the  rate  of  50  par 
aeootid — (From  Piper.) 

variations  occurring  iluring  a  voluntary  contraction.  Since 
each  separate  stimulus  to  a  muscle  causes  a  di.stinct  electrical 
variation,  it  is  evident  that  if  we  can  record  the  number  of  such 
variations  per  second  we  shall  have  almost  conclusive  evidence 
as  regards  the  number  of  simple  contractions  which  enter  into 
the  production  of  vf>luntary  tetanus.  The  string  galvanometer 
lends  itself  to  this  purpose  better  than  any  form  of  electrometer 
yet  devised,  and  Piper,*  by  the  use  of  this  instrument,  finds  that 
in  vt>luntary  contractions  of  the  flexor  muscles  of  the  arms  or 
fingers  the  number  of  electrical  varialitms  follow  at  the  rate  of 
47  to  50  per  second.  Increase  in  strength  of  contraction  in 
these  muscles  causes  no  change  in  rate,  although  a  corresponding 
variation  in  the  intensity  of  the  electrical  changes  is  observed. 


♦Piper,  PflUger's  "Areliiv  f.  d.  g{"8  Pbysiologie,"  IW?,  119,301. 
•' Zeilachrift  f.  Bii>logi<>,"  1908,  50,  393,  and  304. 
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Then  tlifferent  musch's  are  stucJicd  by  this  niothml,  ciuite  a 
Bftrked  difference  in  rate  is  obtaineil.  Pijjer  reports  such 
rvations  as  the  following:  M.  deltoideus,  58  to  62;  M.  gas- 
lemius  and  M.  tibialis  anterior,  42  to  44;  M.  quadriceps 
lemoris,  38  to  41;  M.  masseter,  88  to  100,  and  M.  temporalis,  80 
80.  Assuming  that  these  figures  represent  the  rate  of  dis- 
thargc  of  nerve  impulses  per  second  Ijv  the  nerve  cells  from 
irhich  arise  the  motor  fibers  to  the  muscles  named,  it  is  evident 
bat  the  various  spinal  and  cranial  motor  centers  may  possess 
lite  widely  different  rhythms,  although  for  each  particular 
Bnter  the  rate  is  more  or  less  fixed.  Among  the  motor  centers 
ims  far  studied  it  will  be  noted  that  the  cells  of  the  N»  trigeminus 
the  highest  rate  of  discharge.  There  has  been  much 
"ussion  as  to  whether  or  not  we  can  obtain  simple  as  well  as 
>mpound  contractions  by  voluntary  stimulation  of  our  muscles. 
It  has  been  jK)int«<l  out  that  in  very  rapiil  contractions,  such  as 
rcur  in  the  trilling  movements  of  tlie  fingers  in  playing  the 
piano,  the  duration  of  the  separate  contractions  is  so  brief  as  to 
tgge«t  that  they  may  be  of  the  order  of  simple  contractions. 
Hrert  mvestigation  of  such  movetnents  by  the  older  metliod 
recording  with  levers  (von  Kries)  or  by  the  newer  method  of 
Kitographing  the  electrical  oscillations  shows,  on  the  contrary, 
bat  even  the  shortest  possible  voluntary  contractions  are  brief 
Staid  made  up  of  a  short  ht-sting  series  of  contractions  fused 
Dgether.  In  all  probability,  therefore,  our  motor  centers,  when- 
rer  they  are  stimulated  by  a  so-called  act  of  the  will,  discharge 
liythnncally  a  series  of  nerve  impulses.  As  we  shall  see  later, 
it  is  possible  that  certain  of  these  centers,  when  stimulated 
reflexly,  may  discharge  a  single  nerve  impulse  and  thus  arouse 
a  simple  muscular  contraction  (see  Knee-kick). 

The  Ergograph. — Voluntary  contractions  in  man  may  be  re- 
eorded  in  a  great  many  ways,  but  Mosso  has  devi.sed  a  special  in- 
strument for  this  purpose,  known  a.'^  the  ergograph.  It  ha.s  been 
much  used  in  quantitative  investigations  upon  muscular  work 
and  the  conditions  influencing  it.  The  apparatus  is  shown  and 
deacribed  in  Fig.  23.  The  person  experimented  ujwn  makes  a 
series  of  short  contractions  of  the  flexor  must-le  of  the  middle 
finger,  thereby  lifting  a  known  weight  to  a  ilefinitc  height 
which  is  recorded  upon  a  dnun.  In  a  set  of  experiments  the 
rate  of  the  series  of  contractions — that  is,  the  inter\'al  of  rest 
between  the  contractions — is  kept  constant,  a,^  also  Is  the  load  lifted. 
Under  these  conditions  the  contractions  l>ecome  lo.*^  and  less  ex- 
tennve  aa  fatigue  comes  on,  and  finally,  with  the  strongest  vohmtary 
effort ,  the  contraction  of  the  muscles  is  insufficient  to  lift  the  weight. 
In   thiM   way  a  record  is  obtained  such   as  is  shown  in   Fig.  24. 


ci,^,^i 


Fig.  24.— Nonnal  fatiirue  curve  of  tlic  flexors  of  the  midille  ii!i£?r  of  riitht  hand.     WeiKQi 
3  kilogramn,  contnictiotui  at  ixil«rvala  of  two  Beconus. — {Xtanoiora-'i 

tion  and  aclding  tlirse  prorluc-ts  together.     By  this  means  the 
capacity  for  work  of  the  muscle  Uftetl  caii  be  stutlitHi  ol>j{'ctively 
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under  varying  conditions^  and  many  suggpsiive  results  have  been 
obtained,  some  of  which  will  Ije  rcteri-etl  to  specifically.*  It  should 
be  borne  in  mind,  however,  that  the  ergograph  in  this  form  does 
not  enable  us  to  compute  the  total  work  that  the  niuscie  is  capable 
of  perforraing.  It  is  obvious  that  when  the  point  of  complete 
fatigue  is  reached,  as  illustrated  in  the  record,  Fig.  24,  the  muscle  is 
still  capable  of  doing  work,  that  is  external  work,  if  we  replace  the 
heavy  load  by  a  lighter  one.  For  this  rca.son  some  investigators 
have  substituted  a  spring  in  place  of  the  load.t  giving  thus  a 
spring  ergograph  instead  of  a  weight  ergograph.  Although  with  the 
spring  ergograph  every  muscular  contraction  in  recorded  and  the 
entire  work  done  may  be  calculated,  it  also  possesses  certain  theo- 
retical and  practical  disadvantage.s,  for  a  discussion  of  which  refer- 
ence must  be  made  to  the  authors  quoted. 

The  weight  ergograph  has,  so  far  at  least,  given  us  the  most  sug- 
gestive results.  Among  these  tlie  following  may  be  mentioned: 
(1)  If  a  sufficient  interval  i.s  allowed  between  contractions  no  fatigue 
is  apparent.  With  a  load  of  6  kilograms,  for  instance,  the  flexor 
muscle  (iV/.  flexor  digitorum  subiimis)  showed  no  fatigue  when  a 
rest  of  10  seconds  was  given  between  contractions.  (2)  After 
complete  fatigue  with  a  given  load  a  very  long  interval  (two 
hours)  is  necessary  for  the  muscle  to  make  a  complete  recovery 
and  give  a  second  record  as  extensive  as  the  first.  (3)  After 
jplete  fatigue  efforts  to  still  further  contract  the  muscle 
itly  prolong  this  period  of  complete  recovery, — a  fact  that 
lemonstrates  the  injurious  effect  of  straining  a  fatigued  muscle. 
(4)  The  power  of  a  muscle  to  do  work  is  diminLshed  by  conditions 
that  depress  the  general  nutritive  state  of  the  body  or  the  local 
nutrition  of  the  nmscle  used;  for  inst.ince,  by  loss  of  sleep, 
hunger,  mental  activit}',  anemia  of  the  muscle,  etc.  (5)  On  the 
contrary,  improved  circulation  in  the  muscle — profluced  by 
massage,  for  example — increases  the  power  to  do  work.  Food 
ftlso  has  the  same  effect,  and  some  particularly  interesting 
experiments  show  that  sugar,  as  a  soluble  and  easily  ab.sorbed 
food-stuff,  quickly  increases  the  amount  of  muscular  work  that 

ican  be  performe<i.     (6)  Marked  activity  in  one  set  uf  muscles — 
the  use  of  the  leg  muscles   in  long  walks,   for  example — will 

Idiminish  the  amount  of  work  obtainable  from  other  muscles, 

[such  as  those  of  the  arm.     It  is  very  evident  that  the  instrument 
may  be  used  to  advantage  in  the  investigation  of  many  problems 

[connected  with  gj'mnastics,  dietetics,  stimulants,!  medicines,  etc. 

•  Mosso,  "  Archivfs  italiennoH  d<^  bioIoKio,"  13,  1.S7,  189:  also  Moggiora, 
1890.  p.  191,  .^2.     l><.inbftrd,  "Journal  uf  Physiology,"  13,  1.  1892. 

t  Frani;,  "  American  Journal  of  Phvbiology,"  4,  34S,  1900;  also  Hough. 
iWrf..  .5.  240,  1901. 

liumKerg,  •'An'hi\'  f.  pliysiol.,"  181KI,  suppl.  volume,  p.  289. 
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A  iKiliil.  (if  KCfi'Tiil  j>liyi)i'ilitKir;Hl  intorrat  that  haa  been  brought  out  in  odd* 
rif'i'llKii  with  thi*  iiM-  iiftlM'  «TK'>Knii>h  frnllH  for  a  few  words  of  special  mention. 
Mitnmi  fiiiiitij  thitl  if  n  miiNch>    e.  </.,  tlio  floxor  dif^itorura  subbmia — is  stimu- 
luli«l  diriH'lJy  by  iJtc  i'l<>(;tTiciil  nurntnt  and  itfl  contractions  are  recorded  by 
IliK  crKiiKi'iiph,  il  will  Kivi'  II  ciirvi*  niiiiilar  Ut  that  figured  above  for  the  volun- 
liiiy  I'liiitriii'iiniiN,  cittviil.  tliiil.  tlif  conl ractiunH  are  not  so  extensive.     Under 
till"!!'  riiiiiiiliniiM  Ihi'  iiiiiwli-,  when  roniph't^tly  fatigued  to  electrical  stimula- 
Imii,    will    ii-n|Niii>l    Ut   viiliiiiliirv   Ntiiiiuluti<in   from   the   nerve   centers.     It 
■•■•I'Min  likely,  iin  niiKgcNlnl  liy  llmiKh,  timt  thin  result  is  due  mainly  to  the 
liii-l  I  lull  l(ii<  I'liTtnciil  riirrciit  niiiiiot  Ih'  applied  to  a  muscle  in  its  normal 
|iiiriiiiiiti  IHI  im  III  I'xntf  iiiiiforiiily  nil  the  conKtitucnt  muscle  fibers,  although 
Il  in  iilmi  |HMinili|i<  ilmi  uliiii  wr  I'lill  till-  iifiniiid  or  voluntary  stimulus  is  more 
i>ni>i-li\i<   III',  til  iiMi<  II  pliyNiiiliiKinil  trriii,  iiion>  uticHiuat<>  to  the  muscle  fibers 
lliiiii  llii'  I'li'i'iiifiil   nliiM-k.     On  thr  oilier  liand,  after  fatigue  from  a  series 
iif  Miliiiiliiiy   ■'•MitnietiiiiiN  il   liitH  Ims'ii  ol>m>rveil  that  the   muscle  will  still 
|(i\e  I'liiiliiieiiuii'i  if  Hliniiiliileii  diriH'tly  by  el«>ctririty.     This  fact  has  been 
iiiii'ipii'li'il  III  iiieiiii  lliiil,  III  the  iieuroMiii8eul:tr  cuniple.\  involved  in  a  mus- 
eiiliii  I'lHiiirii'iiKit     ii:iiiiely.  iiuitor  nerve  eell,  motor  nerve  fiber,  and  muscle 
lilu-i     llie  lu--l   iuiiiiihI  faliKues  nioxl   eiiMly,  and  that  the  ordinary  fatigue 
i'iii\i<  i>ltiiiiiti'il  Inuit  the  erpyr.-iph  do«>s  not  n>pn>sent  pure  muscle  fatigue, 
bill  l:iii)(ue  ol'  ihe  iii<iii'iiiiui>«'iiljir  :ippiir;(ius  ji.s  a  wliole.  tlie  jioint  of  complete 
liliBiii'  l»ein»;   ie:«fheil   m   ilie  neural  eonf}H>iu<nt   of  the  mechanism  before 
the  iioiM-li'  ii-.eli  III-.!-.  iIn  jHiwer  of  eoiiiraelioii.     This  intorj^n^tation.  however, 
I-   i«<<i  iiiinelx   eeii.-iin       W ctlenski  lias  ealliil  attention  to  the  fact  that  in 
till-  iii-\iii>iiui-.«-iilai   appaiani-  the  motor  eiuiplate  is  a  sen>itive  link  in  tiie 
I  11  iin    111. I  ili.o,  \\hi-t\  ilie  iii-i\e  iv  >tinni1at<\l  stn>n.ely  with  artificial  stimuli 
.11  li-'»'-i    till-,  '-luiriiiie  i:ilU  ',nio  a  ei'iiiiiiit-ii  in  wluoli  it  fails  to  conduct  the 
i\,  i\,'  nu|>vilM<  !.•  \\\\-  iiwi^.'le       li  niaj  1m\  t!:eTX'!\»n\  that  in  sustained  volun- 
t-»»\  .»«Mi«i».iious  tlu'  end  plate  or  tlie  s]Mv4aU»i\l  nwptivo  sulwtAnce in  which 
I  111  oei\«-  iilviN  leinonaie  !:»!ls  ;\i>t,  aiul  is  ,i:nv;'i_\'  r»v}*i»n>iblo  for  the  failure 
Ol  ilu    ipivo  »;ii»  ;.»  |vi(ons>  iiiiiher  \xorK       I'ha:  tht*  tatic'.io  in  oniinai>-  vol- 
IH1-.  n\    .>«!sii  I.  ;■„>•.•.«.  ;i:Nvi>  '.ho  luuM-ies  N'l.'TX'  ;hi'  rii>'';or  nerve  centers  is 
ii'..«-.,  r.,M  !<\   .v.-  v\;sr.'.v.,v.-.»  o!  S:o:v\  *     M.sk'.v.c  -.;*•  o:"  .a  weij^it  OTfCOgraph 
■•■.■..I  ,  \;>i'!-.v.-,-.  . .  •«;   .:l^^v.   •.!•..•  .iJv,;:.:.^;    ■,•.;.:■..•>.  i:>'  :,»,;:?.:  •.V..'i:   ifUT  fatiguing 
;'•.»  •.-.■.. .»^  .    .,-  » .■  ..'-.  •: \   .\".-..:.i.  ■.^»•.■.^  w.'.:-.  ;«  .^-.t:.-!:".'.  »i'.«;'r.:.  rs-niovai  «.»!  the 
«,  a'">  ■  ■  ••■  •^-     •■-    ..•■■.•V  •..■......  .«^  ".  ..Ki'  .vv,;v.t,  ■.:.■■•.■.•-  .■«■  ivi":.  .^ii^i  >*  n^pid  as 
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and  varies  from  time  to  time.  This  condition  is  dejx'ndpnt  ufKtn 
the  connection  of  the  mui^cle  with  the  nerve  centers,  and  we  may 
•SBume  that  under  normaJ  circumstances  the  motor  centers  are 
continually  discharging  subminimal  nerve  impulses  into  the  muscles 
which  cause  chemical  changes  sinvilar  in  kinrl  to  those  set  up  by 
an  ordinary  voluntary  effort,,  but  difTering  apparently  in  the  fact 
that  they  are  slow  and  continuous,  instead  of  a  series  of  rapidly 
repeated  processes,  the  result  being  that  the  muscles  enter  into  a 
stAte  of  contraction  which,  while  slight  in  extent,  is  more  or  less 
continuous.  According  t,o  tlus  view,  the  whole  neuromuscular 
apparatus  is  in  a  condition  of  tonic  activity,  and  this  state  may  be 
refprrwl  in  the  hmg  run  to  the  continual  inflow  of  sensory-  impulses 
into  the  central  nervous  system.  That  is.  the  tonus  of  the  skeletal 
muscles  is  not  only  dependent  on  the  nerve  centers  (neurogenic), 
but  is  in  rejility  an  example  of  reflex  stinmlation  of  these  centers. 
The  tone  of  any  particular  muscle  or  group  of  muscles  may  be 
deet.roy«:Kl,  therefore,  by  cutting  its  mtrfor  nerve,  or  less  completely 
by  severing  the  sensorj*  paths  from  the  same  region.  If,  for  in- 
stance, one  severs  in  a  dog  the  posterior  roots  of  the  spinal  nerves 
innervating  the  leg,  tliere  will  he  ji  distinct  loss  of  muscular  tone, 
although  the  mot<ir  nerves  remain  intact.  The  untlerlying  cause 
of  tone  is  p<x)rly  understood,  it  may  be,  as  implied  above,  simply 
a  condition  of  subthied  tetanus  due  to  a  i-onstautly  acting  series  of 
sul)-uiinimal  stimuli,  or  it  may  be  an  onler  of  contraction  quite 
different  from  the  usual  visible  movements;  that  is  to  say,  the 
shortening  in  the  case  of  tonus  may  t»e  due  to  a  substance  or  mech- 
anism in  the  muscle-fibers  different  from  that  which  subserves  the 
ordinary  quick  movements  which  we  designate  as  contracti<ins. 
However  this  may  be,  the  fact  of  muscle  tone  is  important  in 
a  number  of  ways.  It  is  of  value,  without  doubt,  for  the  normal 
nutrition  of  the  muscle,  and,  as  is  e\[ilained  .in  the  cha|>tpr 
on  Animal  Heat,  it  plays  a  very  important  part  in  controlling 
the  production  of  heat  in  the  body.  The  extent  of  muscle 
tone  varies  with  many  conditions,  the  moat  important  of  which, 
perhaps,  are  external  tem|)erature  and  mental  activity.  With 
n^rd  to  the  first,  it  is  known  that,  as  the  external  temi>erature 
fall?  and  the  skin  becomess  chilled,  the  sensorv  stimulation  thus 
produce*!  acts  upon  the  nerve  centers  and  leads  to  an  increased 
discharge  along  the  motor  jmths  to  the  muscle.  The  tone  of  the 
mascles  increases  and  may  pass  into  the  -visible  movements  of 
shivering.  By  this  means  the  production  of  heat  within  the  body 
is  increased  automatically.  Similarly,  an  increase  in  mental 
activity,  so-called  mental  concentration,  whether  of  an  emotional 
or  an  intellectual  kind,  leads,  by  its  effect  on  the  spinal  motor 
renters,  tn  a  stat^  of  greater  muscle  tonus,  the  increased  muscular 
tension  lieintr.  indeed,  visible  to  our  eyes. 
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The  Condition  of  Rigor. — When  the  muscle  substance  dies 
it  becomes  rigid,  or  goes  into  a  condition  of  rigor:  it  jmsses  from 
a  viscous  to  a  solid  state.  The  rigor  that  appears  in  the  muscles 
after  somatic  death  is  desiftnate<i  usually  as  rijror  mortis,  siuce  it.s  oc- 
currence explains  the  death  stiffening  in  the  cadaver.  It  is  charac- 
terized by  several  features:  the  muscles  become  rigid,  they  shorten, 
they  develop  an  acid  reaction,  and  they  lose  their  irritability  to 
stimuli.  Whether  all  of  these  features  are  necessarj-  parts  of  the 
condition  of  rigor  mortis  it  is  difficult  to  say;  the  matter  will  be 
fliscu.sse<l  briefly  Iwlow.  Some  of  the  facts  which  have  I>een  ob- 
.served  regarding  rigor  mortis  are  as  follows:  After  the  death  of  an 
individual  the  muscles  enter  into  rigor  mortis  at  different  times. 
Usually  there  is  a  certain  sequence,  the  order  given  being  the  jaws 
neck,  trunk,  upper  limbs,  lower  hmbs,  the  rigor  taking,  therefore,  a 
descending  course.  The  actual  time  of  t he  apjiearance  of  the  rigidity 
varies  greatly,  however;  it  may  come  on  within  a  few  minutes  or  a 
number  of  hours  may  elapse  l^efore  it  can  Ijc  detected,  the  chief  de- 
termining factor  in  this  re.si)ect  Ijeing  the  condition  of  the  muscle 
itself.  Death  after  great  miuscular  exertion,  as  in  the  case  of  hunted 
animals  or  soldiers  killed  in  battle,  is  usually  followed  quickly  by 
muscle  rigor;  indeed,  in  extreme  cases  it  may  develop  almost  imme- 
diately.    Death  after  wasting  iiiseascs  is  also  followed  by  an  curly 


Fie.  I'i  — Curve  ai  iiornigJ  ticor  irmrtia.  (aatrocoeiniiu!  muacl«  of  frog^  The  curve 
maobtainatt  upon  •  kymoonipbion  makinz  une  revolutiott  tti  eight  dajna.  The  marks  on 
the  line  b^uw  the  curve  in'diOAle  interval  otHix  hoursi.  It  will  be  seen  that  the  Bhortening 
nquiitxt  eiKhteeti  hours,  the  relaxation  alH>ut  aevenly-twn  huuni. 

rigor,  which  in  this  case  is  of  a  more  feeble  character  and  shorter 
duration.  The  development  of  rigor  is  very  much  hastened  by  many 
drugs  that  bring  about  the  rapid  death  of  the  muscle  substance,  such 
as  verat.riii,  hydrocyanic  acid,  caffeiii,  and  chloroform.  A  frog's  mus- 
cle exjJOKed  to  chloroform  vapor  goes  into  rigor  at  once  and  shortens 
to  a  remarkable  extent.  Rigor  Is  saiil  also  to  occur  more  rapidly 
in  a  muscle  still  connected  with  the  central  ners'ous  system  than 
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in  one  whose  motor  nerve  has  ])cen  st»vf*rr<l.     Aftor  a  cfrtain 

intfn'al,  which  also  varies  greatly, — from  one  to  six  days  in  human 

bciDgB,— the  rigidity  passes  off,  the  muscles  again  become  soft  and 

fcxilile;  this  phenomenon  Ls  known  as  the  release  from  rigor.     In 

thf  cold-blofxled  animals^  the  develojmient  of   rigor  is  very  much 

Amr  than  in  warm-blooded  animals.     Tpon  an  isolated  frogV 

Bnucie  the  most  striking  fact  regarding  rigor  mortis  hi  the  shortening 

Uttt  the  ma^tcle  vmdergoes.     This  shortening  or  contrnetion  comes 

oQ  slowly,  as  is  shown  in  the  accoinpunying  figure,  but  in  extent 

itMweds  the  simple  contraction  ol>tainable  from  the  living  muscle 

fcjr  tamosL  of  a  maximal  stimulus.     This  part  of  the  phenomenon 

iv.  however,  much  less  marked  apparently  in  mammalian  muscle, 

Mtd  Folin*  states  that,  if  rigor  be  cau.sed  in  frog's  mu.ncle  by 

iopmng  its  temperature  to  — IS**  C,  the  muscle  liecomes  rigid 

■WPly  without  undergoing  any  shortening  or  change  in  translu- 

esMy.    The  usual  explanation  that  is  given  of  rigor  is  that  it  Is 

due  to  a  coagulation  of  the  fluid  substance,  the  muscle  pla.sma,  of 

which  the  fibers  are  con.stituted.     During  life  the  proteins  exist  in 

1  liquid  or  viscous  condition;    after  death  they  coagulate  into  a 

solid  form.     This  view  is  referretl  to  again  in  the  chapter  dealing 

with  the  chemistrv'  of  muscle  and  nerv^ej    it  has  received  much 

rapport  from  the  investigations  of  Kuhne,t  who  proved  that  the 

mnaclc  plasma  is  really  coiigiduble.     After  first  freezing  anei  mincing 

:les  he  succeeded  in  squeezing  out  the  j)la,sma  from  the 

fibers  and  showetl  that  it  subseciuently  clotted.     While  the 

ition  theory  of  rigor  explains  the  greater  rigidity  of  the 

J,  it  does  not  furnish  in  itself  a  satisfacton'  explanation  of 

shortening,  and  the  fact,  as  stated  above,  tfiat  the  rigidity 

ly  occur  without  the  shortening  imhcatcs  that  tliis  latter  process 

ty  possibly  be  due  to  changes  that  precede  the  appearance  of 

ity.     In  addition  to  the  rigor  morti.s  that  occurs  after  death 

temperatures,  a  condition  of  rigor  may  be  induced 

by  raising  the  temperature  of  the  muscte  to  a  certain  point. 

>r  induced  in  this  way  is  designated  as  heat  rigor  or  rigor  caloris. 

uncertainty  has  prevailed  as  to  whether  heat  rigor  is  different 

^fwrntiilly  from  death  rigor.     .According  to  some  jihysiologists,  thfe 

proeeaBn  may  be  regarded  a.?  the  .same,  the  heat  rigor  Ix'ing  simply 

*  death  rigor  that  is  rapidly  developed  by  the  high  temperature, 

this  Utter  condition  accelerating  the  chemical  changes  leailing  to 

ngpr,  as  is  the  ca.se,  for  instance,  in  the  action  of  chlorofonn.    This 

yiew  b  supported  by  a  study  of  the  chemical  changes  t  hat  take  place 

under  the  two  conditions,  as  will  be  descril>ed  later,  and  by  the  fact 

that  sonie  of  the  conditions  that  influence  one  phenomenon  have  a 


lucfa 


•  "American  Journal  of  Physioloo'."  9,  374.  1903. 
t  KQhne,  "  Areliiv  f.  Physiologie.^1859.  p.  788. 
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paraUel  effect  upon  the  other.  For  instance,  death  rigor  is  acceU 
crated  by  pre\'ious  use  of  the  muscle,  and  the  same  is  tnie  for  heat 
rigor.  While  a  resting  frag's  muscle  begins  to  go  into  heat  rigor, 
as  judged  by  the  shortening,  at  37°  to  -W  C. ;  a  muscle  that  has 
been  greatly  fatigiied  shows  the  same  phcnotnonon  afc  25°  to 
27°  C*  According  to  other  obsen'ers,  heafc  rigor  is  due  to  an 
ordinary  heat  coagidation  of  the  proteins  present  in  the  muscle 
fiber,  and  it  has  lieen  claimed  that  a  separate  contraction  may 
be  obtained  on  heating  fur  each  of  the  proteins  said  to  exist  in 
the  iiuiscle  liber.t  More  recent  observations^  seem  to  show 
that  when  a  frog's  muscle  is  gradually  heated,  only  two  really 
distinct  contractions  are  obtained,  one  at  39°  C.  (38®  to  40°) 
or  slightly  lower,  and  one  at  50*^  C.  (49°  to  51°).  Mammalian 
muscle  gives  also  two  contractions  when  lieated,  one  at  47 '^  C 
(46°  to  50°)  and  one  at  62°  C.  (61'=  to  64°).  lu  each  of  these 
cases  the  second  contraction  is  due  to  the  action  of  heat  on  the 
connective-tissue  elements  of  the  muscle.  The  first  contraction  is, 
therefore,  the  one  that  is  characteristic  of  the  muscular  substance 
proper  and  the  one  that  marks  the  occurrence  of  heat  rigor. 
At  the  tempertures  stated,  39°  C.  for  frog's  muscle  and  47°  C. 
for  mammalian  muscle,  the  viscous  material  within  the  sarco- 
lemma  coagulates.  It  does  not  follow  necessarily  that  this  coagula- 
tion i.s  the  direct  cause  of  the  shortening.  MeigsS  states  that 
plain  muscle  heated  to  bO°  CI.  lengthens  instead  of  shortening, 
although  at  that  temt>*^rature  much  of  its  contained  protein  is 
coagulate<l.  In  striated  muscle,  on  the  other  hand,  coagulation 
may  be  produced  by  alcohol  without  any  noticeable  shortening. 
It  may  be,  tlierefore,  that  cdagulation  and  shortening  are  separate 
results  following  u]>on  the  eheiuical  changes  preceding  the  ileath 
of  the  muscle  substance.  The  coagulation  protluced  in  heat  rigor 
is  apparently  metre  complete  anrJ  resistant  than  that  of  death  rigor, 
for  onlinary  death  rigor  i)asses  off  after  a  certain  interval,  even  if 
putrefactive  processj's  are  excluded;  the  rigor  from  heat  or  from 
chloroform,  on  the  cimtrary,  shows  no  release.  With  regard  to  the 
specific  cause  of  the  coagulation  of  death  rigor  nothing  final  can 
be  said.  The  interesting  reHearches  of  Fletcher  and  Hopkins || 
indicate  that  during  the  survival  period  between  the  loss  of  the 
normal  circulation  and  the  appearance  of  rigor  chemical  changes 
are  going  on  in  the  living  svibstance  which  result  in  the  formation 
and  accunmlation  of  lactic  acid.     When  the  process  of  production 

•  Ltktimpr,  "American  Jouniiil  of  Physioloirv,"  2,  29,  ISflQ. 
t  Brodif'  ttnd   Richjirdiion,  "  Phiiosophiral   Trans.,  Rov.   Sck-.,"  London, 
1899,  191,  p.  127;  nLso  Inagaki,  "  Zritschrift  f.  Biol.."  190ft,  48,  313. 
J  Vniomfui,  "  Bio-ohftniral  Joiirniil,"  1907,  2,  363. 

I  Meigs,  "Atneriran  Journal  of  PhynioloRy,"  24,  1  anri  I7R,  1009. 

II  Fletcher  and  Hopkine,  "  Journal  of  PhyHiolojy,"  1907,  35,  247. 
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d  iktt  IflfCtic  acid  ceases,  the  inu>clr  hii.s  lost  its  irritability,  and 
Unntooo  entere  into  the  state  of  rigor.  If  during  this  survival 
period  the  muscle  is  kepi  well  supplied  with  oxygen,  no  lactic 
add  iccumulatcis  in  the  nuiscle,  and  when  the  nuirfele  finally 
lOHB  it£  irritaljility,  no  rigor  occurs.  These  facts  would  seem  to 
implicate"  the  lactic  acid  in  some  way  in  the  jirocess  of  clotting 
and  of  rigor.  Rigor  of  muscles  may  ite  caused  by  other  specific 
eooditions  which  kill  the  muscle  aiul  bring  on  coagulation  of  the 
m»wlf-t!ul>stanco;  by  the  action  of  distllleil  water,  for  example, 
ihe  so-called  wat^r  rigor,  or  by  the  action  of  an  exceas  of  calcium 
nht,  calcium  rigor. 

PLAIN   OR  SMOOTH    MUSCULAR  TISSUE, 

Occurrence  and  Innervation.— Plain  or  long  striated  mu.scular 

tknio  o<"curs  in  the  walls  of  all  the  so-called  hollow  viscera  of  the 

body,  such  as  the  arteries  and  veins,  the  alimentary  canal,  the 

fenital  and  urinar>'  oncans,  the  bronchi,  etc.,  and  in  other  s|>ecial 

ioealities,  such  as  the  intrin.sic  muscles  of  the  eyeball,  the  muscles 

lltache<l  to  the  hair  follicles,  etc.     In  .structure  it  differs  funda- 

BMntally  from  cross-striated  muscle,  in  that  it  occurs  in  the  form 

of  relatively  minute  celb,  each  with  a  single  nucleus,  which  are 

Oitttcd  to  form,  in  most  cases,  muscular  membranes  constituting 

a  part  of  the  walLs  of  the  hollow  vi.scera.      Each  snusc!e-cell  is 

ipindle  shajKHi,  containj^  a  .single  elongated  nucleus,  and  the  cyto- 

plaam  is  traversed  by  fine  fibrils  (myofibrillar)  which  are  said  to 

eoniinue  from  one  cell  to  another.     As  in  the  case  of  the  striated 

muscle,  these  fibrils  are  sup|H)8ed  to  constitute  the  contractile 

clement.     The  musc-le-cells,  in  most  cases  at  least,  are  supplied 

with   nerve  fil)ers   which    originate    directly    from    the    so-called 

sympathetic  nerve-cells,  and  only  indirectly,  therefore,  from  the 

Cfntral  nervous  system. 

Speaking  generally,  the  contractions  of  this  tissue  are  removed 
from  the  direct  control  of  the  will,  l)cing  regidated  by  reflex  and 
usually  unconscious  stimulations  from  the  central  nervous  system. 
AD  the  imjxjrtant  movements  of  the  internal  organs,  or,  as  they 
are  sometimes  called,  the  organs  of  vegetative  life,  are  eflfected 
through  the  activity  of  this  contractile  ti.ssue.  From  this  stand- 
point their  function  ma>'  l>e  reganied  as  more  important  than  that 
of  the  mass  of  the  voluntar\'  muscidature,  since  so  far  as  the  mere 
nuuntenance  of  the  life  of  the  organism  is  concerned,  the  proper 
action  and  co-ordination  of  the  movements  of  the  visceral  organs 
IB  at  all  times  es.sential. 

Distinctive  Properties. — The  phenomena  of  contraction  shown 
b>'  plain  muscles  are,  in  general,  closely  similar  to  tliose  already 
■tndied  for  striated  muscle,  the  one  great  difference   being  the 
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much  greater  sluja^ishness  of  the  changes.  Plain  muscles  differ 
among  themselves,  of  course,  as  do  the  striated  muscles,  but,  speak- 
ing generally,  the  simple  contractions  of  plain  muscle  have  a  very 
long  latent  period  that  may  be  a  hundred  or  five  hundred  times 
as  long  as  that  of  cross-striated  muscle,  and  the  phases  of  shortening 
and  of  relaxation  are  also  .similarly  prolonged;  so  that  the  whole 
movement  of  contraction  is  relatively  slow  and  gentle  (see  Fig. 
26).  Plain  muscle  responds  to  artificial  stimuli,  but  the  electrical 
current  i.s  ob\'iou.sly  a  less  adequate — that  Is,  a  le&s  normal — ^stimulus 
for  this  tissue  than  for  the  strijjed  muscle.  The  amount  of  current 
necessarj'  to  make  it  contract  is  far  greater.  The  amoimt  of  con- 
traction varies  with  the  strength  of  stimulus,^that  is,  the  tissue 
gives  suhmaximal  and  maximal  contractions.  Two  successive 
stimuli  properly  spaced  will  cause  a  larger  or  summated  contraction, 
and  a  series  of  stimuli  will  give  a  fused  or  tetanic  contraction.  The 
rate  of  stimulation  neces.sar\'  to  produce  tetanus  is,  of  course,  much 
slower  than  for  cross-striped  muscle.  The  stomach  muscle  of  the 
frog,  for  instance,  requires  only  one  stimulus  at  each  five  sec- 
ond.s  to  cause  tetanus.*  A  distinguishing  and  important  charac- 
teristic of  the  plain  muscle  is  its  power  to  remain  in  tone, — that 


FiK.  26. — Curve  of  simple  contraction  of  plain  muscle.  The  midiile  Rn^  i«  the  time 
reroitl,  markinK  inten'sJfl  ot&  aeeoad.  The  lowerrnwl  Viae  inilirtiten  at  the  birak  the  mo- 
ment of  .stimulaciuii  (abort -laatioK.  t«tanixifii;  lurreiii.).  1(  wiU  i>e  neen  (hat  the  liit«nt  period 
between  bc-itinnini;  of  stimulAtion  &nd  begintiinK  uf  rcmtniction  ix  etiual  lo  about  three 
aeoonda. 

is,  to  remain  for  long  periods  in  a  condition  of  greater  or  less  eon- 
traction.  Doubtle6.s  this  tonic  conlraction  uiuler  normal  relations 
is  usually  dependent  upon  stimulation  received  through  the  ner- 
vous system  (neurogenic  tonus),  but  the  muscle,  when  completely 
isolated  from  the  central  nervous  system,  whether  in  or  out  of 
the  body,  continues  to  exhibit  the  phenomenon  of  tone  to  a 

•  Schullz.  "Zur  Phypioloirie  der  landsgeetreiftpn  (Klatten)  Muakeln," 
"Archiv  f.  Physictlojeic."  suppl.  voliinip,  M)fl3,  r>.  1.  Sff  alau  Stfwart,  "Amer- 
ican Jnunuil  of  PliysiolojO',*'  4,  1K5,  1900.  For  finer  histologj'  see  M'Gill, 
"AjoiericaQ  Journal  oi  Axmlumy,"  ix,  1909. 
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remarkable  degree.  In  most  of  the  organs  in  which  plain  muscle 
occurs  there  are  present  also  numerous  nerve  cells,  and  It  is 
therefore  still  a  question  as  to  whether  the  tonic  changes  shown 
by  this  tissue,  after  separation  of  its  extrinsic  nerves,  depend 
upon  a  property  of  the  muscle  itself  (myogenic  tonus)  or  upon 
their  intrinsic  nerve  cells.  Most  observers  adopt  the  former 
view.  The  importance  of  this  property  of  tone  in  the  plain 
muscle  tissues  will  he  nmtle  full}'  apparent  in  the  de^scription 
of  the  physiology  of  the  organs  of  circulation  and  'digestion. 
Plain  muscle  may  exhibit  also  the  phenomenon  of  rhythmical 
activity — that  is,  under  proper  conditions  it  may  contract 
and  relax  rhythmically  like  heart,  tissue.*  Such  movements 
have  been  obser\'e<:l  and  .studied  upon  the  plain  muscle  of  the  ureter, 
the  bladder,  the  esophagus,  stomach,  and  other  portions  of  the 
alimentan'  canal,  the  spleen,  the  blood-vessels,  etc,  Thi.s  property 
seem.s  to  be  very  imequally  distributed  among  the  different  kinds 
of  plain  muscle  found  in  the  same  or  different  animals,  but  this 
fact  serves  only  to  illu.stra(e  the  point  already  {sufficiently  empha- 
sized, that  grouping  one  kind  of  tissue — e.  g.,  plain  muscle — into 
a  common  class  doe.s  not  signify  that  the  projierties  of  aU  the  mem- 
bers of  the  group  are  identical.  The  question  a.s  to  how  far  the  phe- 
nomenon of  rhythmical  contraction  is  entirely'  muscular  and  how  far 
it  depends  upon  intrinsic  nerve  cells  i.s  a  complex  one;  the  answer 
\iiU  probably  vary  for  different  organs,  and  the  subject  will  therefore 
be  considered  in  the  organs  as  they  are  treated. 

Cardiac  Muscular  Tissue. — As  the  muscle  cells  of  cardiac 
le  are  somewhat  intermediate  in  stnicturc  between  the  striated 
of  voluntary  mu.scle  and  the  cells  of  plain  muscles,  so  their 
physiological  properties  to  some  extent  stand  between  these  two 
extremes.  The  rate  of  contraction,  for  instance,  while  slower  than 
ihat  of  the  fibers  of  skeletal  muscles,  is  more  rapid  than  that  of 
plain  muscle.  The  most  striking  peculiarity  of  lieart  muscle  is, 
however,  its  fHSwer  of  rhj-thmical  contractility,  and  this,  as  well  as 
its  other  properties,  is  so  directly  concerned  with  its  functions  as 
an  org-an  of  circulation  that  it  may  be  discussed  more  profitably 
in  that  connection. 

Ciliated  Cells. — In  the  nmmmalian  body  the  phenomenon  of 
contractility  is  exhibited  not  only  by  the  well-defined  muscular 
tissue,  but  also  by  the  leucocytes  and  esjjecially  by  the  cilia  of  the 
ciliated  epithelium.  Epithelial  cells  with  motile  cilia  are  found  lin- 
ing the  raucous  membrane  of  the  air-passages  in  the  trachea,  larynx, 
bronchi,  and  nose,  in  the  lacrimal  duct  and  sac,  in  the  genital  pas- 
sages, uterus  and  Fallopian  tubes  and  the  tubules  of  the  epididymis, 

•  Kttgohnann.    ".Archiv    f.    d.    tjos.    PhyBiologie,"  2,  243,   18G9.     Stiles, 
"Asier.  f<MT.  of  Phyniology,"  5,  338,  1901. 
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and  in  the  Eustacliiaii  tube  mul  part  of  the  miildle  ear.  Similar 
cells  tire  found  Uning  tfie  ventricles  of  the  brain  and  the  central 
canal  of  the  cord.  The  cilia  in  this  latter  position  have  been 
demonstrated  to  l>e  motile  in  the  frog,  and  according  to  an  old 
observation  by  Purkinje*  the  same  i.s  true  for  the  mammalian 
(slieep)  embryo.  So  also  in  the  neck  of  the  uriniferous  tubuie 
ciliated  colbaresaidto  occur,  hut  whether  they  are  motile  ornot  has 
not  fieen  demonstrated.  In  the  internal  ear  and  the  oIfaetor>-  mucous 
membrane  the  so-called  sense  cells  are  also  ciliated,  but  hen?  at  least 
the  cilia  are  probably  not  motile.  Ordinarily  each  ciliated  epithelial 
cell  carries  a  buncH  of  cilia,  all  of  which  contract  together,  but 
motile  protoplasmic  prolongations  of  the  cell  may  occur  singly,  as 
is  illustrated  in  the  spermatozoa,  for  instance,  ami  in  many  of  the 
protozoa  and  plant  celts.  In  the  lower  foniis  of  life  cilia  play 
obviously  a  verj-  important  role  in  locomotion,  the  capture  of  food, 
and  respiration,  and  their  form  and  manner  of  movement  varj- 
greatly-  The  form  of  movement  or  manner  of  contraction  was 
formerly  describetl  under  four  heads, — ^the  hook  form,  the  [^endular, 
the  undulatory  or  wave-like,  and  the  funnel  form  or  infundibular}*. 
With  the  exception  of  the  spermatozoa,  the  cilia  found  in  mam- 
muh  show  the  first  form  of  contraction.  The  little  procc-^ses  are 
contracted  quickly  in  one  direction,  so  as  to  take  a  hook  shape, 
and  then  relax  more  slowly,  the  relaxation  taking  several  time.s 
as  long  as  the  contraction.  The  whole  movement  is  rhythmical  and 
ver\^  rapid.  The  cilia  of  the  epithelium  of  the  frog's  pharj'nx  and 
esophagus.  %vhich  have  lieen  the  most  frequently  studied  in  the 
higher  animals,  contract,  according  to  Engelmann,  at  the  rate 
of  12  time.s  per  second.  When  a  held  of  epithelium  is  observetl 
under  the  microsco]>e  the  contractions  pass  over  it  in  a  definite 
flirection.  but  so  rapidly  that  the  eye  is  not  able  to  analyze  them; 
one  obtains  the  impression  simply  of  a  swiftly  Hovving  current. 
As  the  cilia  l>egiii  to  die,  their  movements  Ijeconie  less  rapid,  and 
the  natuit;  of  the  contractions  and  their  progress  from  cell  to  cell 
can  Ije  satisfactorily  determined.  In  the  mammalia  the  function 
of  the  ciliat/ed  epithelivun  is  supposed  to  Iw  entirely  mechanical. — 
that  is,  the_\'  move  along  substances  lying  upon  them.  In  the 
oviiluct-s  they  move  or  help  to  move  the  ovum  toward  the  uterus, 
and  in  this  latter  organ  their  motion  is  supposed  to  guide  the 
spermatozoa  from  the  uterus  toward  the  oviducts. — that  is, 
the  resistance  offered  to  the  motile  spermatozoa  guitles  their  move- 
ments. So  in  the  respiratory  passages*  foreign  particles  of  various 
sorts,  together  with  the  secretion  of  the  mucous  glands,  are  moved 
toward  the  mouth,  the  effect  being  to  protect  the  air-passages 
from  obstruction.  The  contraction  and  relaxation  of  the  cilia  are 
•Purkinje,  "  Miiller's  Archiv,"  1836. 
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Jed  to  be  phi*noinena  of  essentially  the  same  order  as  those 
)ited  by  the  muscle  tissue.  A  theory  that  will  adequateiy 
explain  one  will  doubtless  Ije  applicable  to  the  other.  Many 
interesting  farts  have  l>een  established  i-egai"diii^  liliarv  move- 
ments. The  contractionK  of  the  ciliii  in  any  ^iven  field — the 
trachea,  for  instance — follow  in  a  tlefinitc  .seiiuence  and  are  t'O- 
ordinated.  The  waves  of  contraction  progress  in  a  definite  ilirection. 
Tlib;  fact  increases  greatly  the  effecttvenesa  of  the  cilia  in  per- 
forming work.  Thus,  in  spite  of  their  extremely  minute  size,  it 
is  estimated  that  an  area  of  a  square  centimeter  is  capable  of 
moving  a  load  of  336  gms.  The  contractions  are  automatic. — 
that  is.  the  .stimulus  causing  them  is  not  dependent  upon  a  con- 
nection with  the  nervou.s  system,  but  upon  processes  arising  within 
the  cell  itself;  the  cilia  of  a  single  completely  isolated  cell  may 
continue  to  contract  vigorously.  The  movement  may  continue 
for  several  days  after  the  death  of  the  individual,  thus  again  showing 
the  physiological  indei>endence  of  the  stnicture.  The  ciliated  cells 
may  conduct  a  .stimulus  or  impulse  to  other  cells  even  after  its 
own  cilia  have  lost  their  contractility.  This  fact  is  particularly 
significant  in  general  pliy.siolog}',  as  it  aids  in  showing  that  the 
property  of  conductivity  which  is  exhibited  in  such  high  degree 
by  nerve  fillers  is  pos.ses.sed  to  a  lower  ilegree  by  other  tissues. 
The  ciliary  movement  is  affected  by  variations  in  temperature,  and 
if  the  temperature  passes  beyond  an  optimum  point  the  cilia  fall 
into  a  condition  resembling  heat  rigor  in  t!ie  muscle.  Their  move- 
ments are  affected  also  by  the  reaction  of  the  medium,  being  at 
first  accelerated  and  then  slowed  or  destroyed  by  a  .slight  degree 
of  acidity  and  favored  by  a  vcri'  slight  degree  of  alkalinity.* 

♦References  for  phynology  of  ciliary  movement:  Verwom,  "General 
fhjnology,"  KnpYish  translation  hy  Lee;  Putter.  "Erpebnisse  der  Physiol- 
O(oe."  1902,  vol.  ii.  part  ii;  Engelmann,  article,  *'Cila  vibratils."  in  Rictiet's 
"Dicttooiuure  de  Ptiysio logic,"  vol.  Lii,  1S9S. 
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IHE  CHEMICAL  COMPOSITION  OF  MUSCLE  AND 
CHEMICAL  CHANGES  OF  CONTRACTION  AND 
OF  RIGOR  MORTIS. 

Uuscle  Plasma. — The  beginning  of  our  present  knowledge 
the  chemical  composition  of  muscle  is  found  in  some  interesting  ex- 
periments made  by  Kiihne  upon  frog's  muscle.  Kiihjie  froze  the 
living  muscle  to  a  hard  mass,  cut  it  into  fine  shavings  with  cold 
knives,  and  ground  the  pieces  thoroughly  in  a  cold  raortar.  The 
fine  muscle  snow  thus  obtained  was  put  under  high  pressure  and 
a  liquid  expre&sed  which  was  assumed  to  represent  the  fluid  Uving 
substance  in  the  normal  fiber.  This  muscle  plasma  clotted  on  stand- 
ing, much  as  blood  does,  the  muscle  clot  shrinking  and  squeezing 
out  a  muscle  senim.  Similar  experiments  have  since  Ijeen  jjer- 
formed  by  Halliburton*  on  mammalian  muscle.  This  spontaneous 
clotting  of  the  living  plasma  iias  l>een  held  to  be  important  in 
showing  the  probable  cause  of  death  rigor. 

Composition  of  the  Muscle  Plasmn. — Using  the  term  muscle 
plasma  to  designate  the  entire  contents  of  the  muscle  fiber  within 
the  sarcolemma,  it  is  obvious  that  it  .should  contain  all  the  con- 
stituents that  projierly  belong  to  the  muscle,  in  contradistinction 
to  the  substances  found  in  the  connective  tissue  binding  the  muscle 
fibers  together. 

The  constituents  in  addition  to  water  that  are  known  to  occur 
in  muscle  are  very  numerous  indeed,  and  difficult  to  classify.  They 
may  be  grouped  under  the  following  heads:  (I)  Proteins.  (2)  Car- 
bohydrates and  fats.  (3)  Nitrogenous  waste  products.  (4)  Special 
substances,  such  as  lactic  acid,  inosite,  phosphocarnic  acid. 
(6)  Figments.  (6)  Ferments.  (7)  Inorganic  salts.  Very  little 
that  is  positive  can  be  stated  regarding  the  physiological  r61e 
of  most  of  these  constituents,  the  interest  that  attaches  to  them 
at  present  being  largely  on  the  chemical  side. 

The  Muscle  Proteins.f — The  proteins  of  the  muscle  have  been 
investigated   by  a  number  of  observ^ers,  but  unfortunately  the 

*  Hallihurtfln.  "Jottma!  of  Phvstolopy,"  8,  13.1.  ISSS. 

t  Von  FiJrtli,  "  Ardiiv  f.  cxwr.Path.  ii.  Pharmakol.."  36,  231,  1895.  See 
also  Halliburton.  "Journal  of  Physiologj',"  8,  133,  1888;  and  Stewart  and 
Bollman,  ibid.,  24,  427,  1899. 
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rtenninologj'  employed  has  not  been  uniform,  and  the  facts  so  far 
'fts  they  are  known  to  us  seem  to  be  obviously  incomplete.  Ac- 
cording to  von  Fiirth,  two  proteins  may  be  obtained  from  mam- 
malian mujacle  by  extracting  it  with  dilute  saline  solutions, — namely, 
myosin  and  myogen,  the  latter  existing  to  three  or  four  times  the 
amount  of  the  former.  Myosin  belongs  to  the  globulin  group  of 
proteins  (see  appendix] ;  it  is  coagulated  by  heat  at  44"  to  iM"  C, 
it  is  precipitated  by  dialysis  or  by  weak  acids,  it  is  easily  precipi- 
tated from  its  solutinn.s  by  adding  an  excess  of  neutral  saltjs,  such 
as  sodium  chlorid,  magnesium  or  ammonium  8uli)hate.  With 
the  last  salt  it  Ls  completely  precipitated  when  the  salt  Is  added 
to  one-half  saturation  or  less.  Its  most  interestbg  property,  how- 
ever, is  that  on  standing  at  ordinar\'  temperatures  it  passes  over 
into  an  insoluble  modification  which  separates  out  as  a  sort  of 
clot.  Following  the  tenninolog}'  used  for  the  blood,  this  insoluble 
modification  is  called  myosin  fibrin.  Myogen,  the  other  protein, 
seems  to  fall  into  the  group  of  albumins  rather  than  globulins. 
It  is  not  precipitated  by  dialysis  and  requires  more  than  half 
saturation  with  ammonium  sulphate  for  its  eomiilete  precipitation. 
It  is  coagulated  by  heat  at  a  temperature  of  55"  to  65"  C.  Solutions 
of  myogen  on  standing  also  undergo  a  siiecies  of  clotting,  the  in- 
soluble protein  that  Ls  formed  in  this  case  being  called  mj'ogen  fibrin. 
It  appears,  however,  that  in  changing  to  myogen  fibrin  the  myogen 
passes  through  an  intennediatc  stage,  desiignated  a.s  soluble  myogen 
fibrin,  in  which  its  temperature  of  heat  coagulation  is  as  low  as 
30"  to  40°  C, — the  lowest  temperature  recorded  for  any  protein. 
Ab  was  stated  in  the  paragraph  on  muscle  rigor,  it  is  known  that 
frog's  muscle  goes  into  heat  rigor  at  about  37"  to  4t>°  C,  and  in 
accordance  with  this  fact  it  is  stated  that  a  protein,  soluble  my- 
ogen fibrin,  which  is  not  present  in  mammalian  muscle,  occurs 
normally  in  the  muscle  of  the  frog  and  also  of  the  fishes.  On  the 
basis  of  these  facts  the  rigidity  of  death  rigor  is  explained  by  as- 
simung  that  both  of  these  proteins  exist  in  the  living  muscle,  and 
that  after  death  they  undergo  a  ]}artial  or  complete  coagulation 
according  to  the  following  schema: 

Myosin.  Myogen. 

Myosin  fibrin.  Soluble  myogen  fibrin. 

Myogen  fibrin. 

It  may  be  doubted  whether  these  proteins  exist  as  such  in 
the  living  muscle.  Extracts  must  of  necessity  be  made  after 
the  muscle  plasma  is  dead  and  pj-obably  coagulated.  Myogen  is 
said  not  to  occur  in  the  muscles  of  the  invertebrates.     It  should 
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be  added  that  after  the  most  complete  extraction  with  saline 
solutions  the  muscle  fiber  still  retains  much  protein  material, 
and  ita  structural  appearance,  so  far  as  cross-striation  is  con- 
cerned, remains  unaltered.  The  portion  of  protein  material 
thus  left  in  the  muscle  fiber  as  a  sort  of  skeleton  framework 
is  designated  as  the  muscle  stroma;  it  is  not  soluble  in  solu- 
tions of  neutral  salts,  but  dissolves  readily  in  solutions  of 
dilute  alkalies.  In  .stiiped  muscle  this  w>-ralled  .stroma  foi-ms 
about  {)  per  cent,  of  the  weight  of  the  muscle;  while  in  the  heart 
muscle  it  makes  alx>ut  56  per  cent.,  and  in  the  smooth  muscle. 
72  per  cent.  It  is  at  present  uncertain  whether  the  myosin  and 
rayogen  represent  the  protein  constituents  of  the  contractile  ele- 
ments of  the  muscle  filxM-s  or  of  the  undifferentiated  portion,  the 
sarcoplasm.  The  proteins  of  plain  muscle  tissue  and  of  cardiac 
muscle  have  not  received  so  much  attention  as  those  of  voluntary 
muscle.  It  is  statetl,  however,  that  the  proteins  extracted  from 
these  tissues  by  salt  solutions  are  cfiagulable  on  standing,  as  in 
the  case  of  the  e.xtrarts  of  vohmtnrv  nniscle.  In  plain  muscle 
two  proteins,  in  addilinn  to  some  nuckniprotein,  are  descrilied. 
one  belonging  to  the  alliumin  and  one  to  t!ie  globulin  class,  but 
the  identity  or  relationship  of  these  proteins  to  thtM*  above  de- 
scrilieii  has  not  l>een  establislied.  In  heart  muscle,  myosin  and 
myogen  occur  in  practically  the  same  proportions  as  in  voluntarv' 
mu.scle.  but  the  umount  of  stroma  left  undissolved  iifter  treatment 
with  saline  solutions  is,  as  stated  above,  much  greater  than  in 
skeletal  muscle.* 

The  Carbohydrates  of  Muscle. — Muscle  contains  a  certain 
amount  of  .sugar,  dextrose  or  dextrose  and  isomaltosc,  and  also 
under  normal  conditions  a  considerable  (juantity  of  glycogen,  or 
so-called  aninaal  starch.  The  formation  and  the  consumption  of 
glycogen  in  the  body  constitute  one  of  the  most  interesting  chapters 
in  the  physiology  of  nutrition,  and  the  relatioas  of  glycogen  wUl 
be  treated  more  fully  under  that  head.  It  may  be  stated  here, 
however,  tlmt  the  muscular  tissue  ha.s  the  power  of  converting  the 
sugar  brought  to  it  by  the  hlootl  into  glycogen.  This  glycogenetic 
action  of  the  muscle  is  represented  in  principle  by  the  reaction 


Dextrooe. 


H,0 


c,H,A. 


The  glycogen  thus  formed  is  stored  in  the  muscle  and  forms 
a  constant  constituent  of  well-nourished  muscle  in  the  resting 
condition,  the  amount  varying  between  0.5  and  0.9  per  cent,  of 
the  weight  of  the  muscle.    The  glycogen  thus  stored  in  the  muscle 

•  Vincent  and  Lewis,  "Journal  of  Physiology,"  26,  445,  1901;  alao  "Zat>- 
Bchrift  f.  physiolofE.  Chemic,"  H4,  417,  iyCH-2:  Slewurt  ami  Sollnian.  loc.  rit.; 
von  FtJrth,  "Cenenil  Review,  Handbuch  iler  Biocht'rniL',"  vol.  2,  part2,  p. 244. 
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Ls  consumeil  by  the  tissue  during  its  activity,  ami  it  is  assumed 
that  before  it  is  thus  consume*!  it  is  converted  back  into  sugar  by 
the  action  of  an  amyiolytic  enzyme  contained  in  the  niusrlc.  The 
glycogen,  therefore,  itself  represents  a  local  deposit  of  carbohydiate 
nutritive  material,  resembling  in  this  respect  the  fat.  The  sugar 
and  the  glycogen  must  be  conaidcred  as  one  frniu  the  standpoint 
of  the  nutrition  of  the  muscle,  liming  muscular  activity  the 
store  of  glycogen  is  ui^ed  up,  and  if  the  activity  is  sufficiently  pro- 
longed it  may  lie  made  to  disapj^war  entirely.  Among  the  many 
uncertain  and  contradictory  statements  regarding  the  chemical 
chAiiges  in  active  muscle,  this  fact  stamis  out  in  pleasant  contrast 
a.s  one  that  is  satisfactorily  demonstrated. 

Phosphocarnic  Acid  (Kucleon). — A  peculiar  substance  containine  phos- 
piivrus  wj»«  disco\'CT<Hl  by  Sit-gfripit  in  the  muscle  extracts.*  This  sim.stance 
teem*  to  resemble  tlie  prntt'iiis,  but  lias  a  complex  anil  |iecuJiar  Hlructure,  jvs 
is  aho«m  by  it«  split  products  wlica  hyilrolyzed  by  bmliag  with  baryta  m  ater. 
I'ndtT  thesi?  condition!?  there  are  formed  carbon  dioxid,  pho.sphoric  acid, 
»  c«r<K>liydrat^  body,  succinic  and  lactic  acids,  and  a  crystallizabk*  nitrocen- 
ous  aci«l  body  which  is  dosip;uatt<d  as  carnic  acid  i'(',„H|5NjOj).  Siegfried 
aMsumes  that  this  latter  .sub.stance  is  identiral  with  one  of  the  peptones 
lanlipcptone)  formed  during  digi'stion,  and  conceives,  therefore,  that  his 
phtj«phocamic  acid  is  a  complex  substance  built  up  from  a  peptone  and  a 
pho«j<l»onis-containing  compound,  t'ompnundu  of  simple  protein.':  with 
(ihospborustH'ontaininK  bolit-s  (nucleic  aei>i.s)  are  desij;nated  uwiially  as 
nuclciii!« ;  for  this  compound  of  a  peptone  with  a  piiosphorus-containing  coni- 
iJcx  Siecfriotl  suggests  ilie  name  of  nucleon.  By  ihe  addition  of  ferric 
rUorid  tlic  niirleon  i,s  precipitated  readily  from  muscle  cxtractH  as  an  iron 
corn|x>und.  caniiferrin,  and  under  this  niiine  hu.s  come  inlo  the  market  as  a 
presiinmbly  efficient  tlieraix'uiic  prej)ar!»tion  of  iron.  The  discoverer  of 
nudiNju  liaM  attributed  to  it  a  very  (jriat  phy.siological  ini]xirtance.  aJ<  a  source 
of  energj'  to  tlic  muscle,  anil  u-s  an  etficient  ineaii.s  of  tran>i|H>rtation  of  iron, 
culciuni,  potassium,  and  magnesium  into  the  uiiincIc  sulL-itance,  particularly 
in  tiucb  articles  of  diet  an  aoiips,  bouilli^n.s,  meat  extracts,  etc.  It  mu.st  be 
irt»1e<l,  however,  that  there  still  remain^  doubt  an  to  tlie  chetuical  iudi\  iilualily 
tit  the  nucleon  or  the  nucltHsns,  tlitfll-  exi.stenre  in  normal  mu.scle.  and  their 
phjaiologicol  rAle.  The  8ub.stance,  whetlier  a  well-defined  cliemical  individual 
ttr  not,  is  mo«i  interesting.  Its  jirofxTtits  are  siicli  ait  would  aid  in  explaining 
ibe  occurrence  of  some  of  the  known  products  of  tlic  cliemical  changes  during 
contraction;  but  obviously  further  inve,w(igation  is  needed  liefore  «ueh  an 
■pplicatioii  cau  be  made  with  confidenco. 

Lactic  Acid  (t",H/|,). — Lactic  acid  is  found  in  vaiying  amounts 
in  the  extracts  of  muscle.  The  acid  that  is  <jbtained  is  the  so-called 
ethidene  lactic  acid  or  «-hydroxypropionic  aci<l  (CHjCHOII('(M)H). 
anil  differs  from  the  lactic  arid  foimd  in  sour  milk  in  that  it  ro- 
tates the  plane  of  polarized  light  to  the  right.  The  lactic  acid  in 
sour  milk  is  produced  by  bacterial  fermentation,  and  is  inactive  to 
polarized  light,  because  it  exists  in  racenuc  form  ;  that  is,  it  con- 
asta  of  equal  amounts  tif  the  right-handetl  form  which  turns  the 
plane  of  polarization  to  the  right  and  of  the  left-handed  form 
which  turns  it  to  the  left.     In  the  muscle  the  right-handed   torm 

•aiwrfried,  "ZeJtachrift  f.  phymol.  Chemie,"  21.  300,  1806  ;  also  28,  524, 
1800. 
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is  found  mainly  or  only,  and  this  form,  therefore,  is  frequently 
designated  as  sarcolactic  (or  paraluctic)  acid.  Recent  work 
indicates  that  in  the  perfectly  resting  muscle  lactic  acid  is 
present  only  in  traces.  The  amount  is  greatly  increa.sed  during 
contraction  or  in  the  processes  leading  to  rigor.  This  substance 
would  seem,  therefore,  to  represent  an  intermediary  product  in 
the  metabolism  of  cuntractinn  and  in  tlie  metal.mlism  of  tlying. 

The  Nitrogenous  Extractives  (Nitrogenous  Wastes). — Muscle 
extracts  contain  numerous  crystaliizablc  nitrogenous  substances 
which  are  regarded  as  the  end-products  of  the  disassimilation 
or  catabolism  of  the  living  protein  material  of  the  muscle. 
The  number  of  these  substances  that  have  been  found  in  traces  or 
weighable  quantities  is  rather  large.  They  have  aroused  great 
interest  because  their  structure  throws  some  light  on  the  nature 
of  protein  catabolism.  The  one  that  occurs  in  largest  amount  is 
creatin,  CJI«N,Oj,  or  methyl-guanidin-acetic  acid,  NHCNHj- 
NCHjCHjCOOH.  Creatin  may  be  present  in  amounts  equal  to 
0.3  per  cent,  of  the  weight  of  the  muscle.  It  hiis  been  supposed 
to  l>e  given  off  to  the  Ulooil  antl  eventually  excretetl  in  the  urine 
as  creatinin  (C^H,N30),  which  is  formed  from  creatin  by  the  loss 
of  a  molecule  of  water  (see  p.  836).  In  addition  there  is  a  group 
of  bodies  supposed  to  represent  the  end-products  of  the  breaking 
up  of  the  nucleins  of  the  muscle,  all  of  which  belong  to  the 
so-called  i)urin  bases.  These  are:  Uric  acid  (CjH^N^O,), 
xanthin  (C.HjN^Oj),  hypoxanthin  (CjH^N,0),  guanin  (CaH^NsO), 
adenin  (CsHjNs),  and  carnin  (CjHgN^O,).  They  will  l>e  referred 
to  more  fully  in  the  section  on  Nutrition.  Still  other  bodies 
of  similar  physiological  significance  have  been  described  from 
time  to  time.  The^e  nitrogenous  products  are  found  in  the 
various  meat  extracts  and  meat  juices  used  in  dietetics.  While 
they  possess  nti  ({irect  nutritive  value,  it  seems  probable  (see 
chapter  on  Gastric  Digestion)  thiit  they  may  be  ver\-  effective 
itidirectly  liv  stimulating  tlie  secretion  of  the  ga.stric  glands. 

Pigments. — The  red  color  of  many  muscles  is  Iwlieved  to  be 
due  to  the  presence  of  a  special  pigment  which  resembles  in  its 
structure  and  its  properties  the  hemoglobin  of  the  red  blood 
corpuscles,  and  ]>erhaps  is  identical  with  it.  This  pigment  is  known 
as  myohematin  or  myochrome.  It  belongs  presumably  t^o  the 
group  of  so-called  respiratory  pigments,  which  have  the  property 
of  holding  oxygen  in  loose  combination,  and  by  virtue  of  this 
property  it  takes  part  in  the  absorption  of  oxygen  by  the  muscular 
tissue. 

Enzymes. — A  number  of  unorganized  ferments  or  enzyme* 
have  been  described  by  one  observer  or  another.  In  this  tissue 
as  in  others  the  proccs-ses  of  nutrition  .seem  to  be  connected  with 
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the  development  of  special  enzj-mes.  A  proteolytic  enzyme  capable 
of  digesting  proteins  has  been  describe*!  by  Hrucke  and  others; 
an  amylolytic  enzyme  capable  of  converting  the  j^lycogen  to  sugar 
by  Nasae:  a  glycolytic  enzyme  capable  of  destroying  the  sugars 
by  Bruntou,  Cohnheim,  and  others;  a  lipase  capable  of  splitting 
the  fats  by  Kastle  and  Loevenhart ;  and,  finally,  a  coagulating 
enzyme  responsible  for  the  coagulation  of  the  muscle  pla^na  after 
death  by  Halliburton. 

The  Inorganic  Constituents. — Muscle  tissue  contains  a  number 
of  salts,  chiefly  in  the  form  of  the  chlorids,  sulphates,  and  phos- 
phates of  sodium,  potassium,  calcium,  magnesium,  and  iron.  As 
in  otlier  tisssues,  the  potassium  salts  predominate  in  t\\e  tis.sue 
itself.  In  frog's  muscle  the  entire  ash  constitutes  about  0.88 
per  cent,  of  the  dry  material  of  the  muscle,  and  of  this  ash  the 
potassium  and  the  pho.sphoric  acid  together  make  up  more 
than  80  per  cent.  (Urano).  These  inorganic  constituents  are 
most  injportant  to  the  normal  activity  of  the  muscle,  and, 
indeed,  in  two  ways:  first,  in  that  they  maintain  a  normal 
osmotic  pressure  within  the  substance  of  the  fibers  and  thus 
control  the  exchange  of  water  with  the  surrounding  lymph  and 
blood;  second,  in  that  they  arc  neccs-sary  to  the  luirinal  structure 
and  irritability  of  the  living  muscular  tis.sue.  Serious  variation.s 
in  the  relative  amounts  of  these  salts  cause  marked  changes  in 
the  proj>erties  of  the  tissues,  as  is  explained  in  the  section  on 
Xutriti<m,  in  which  the  general  nutritive  importance  of  the 
salts  is  discussed,  and  also  in  the  section  dealing  with  the  cause  of 
the  rhythmical  activity  of  the  hfart. 

Chemical  Changes  in  the  Muscle  during  Contraction  and 
Rigor. — Perhaps  the  most  significant  change  in  the  muscle  during 
contraction  Ls  the  production  of  carbon  dioTid.  After  increased 
muscular  activity  it  may  be  shown  that  an  animal  gi^'e.s  off  a 
larger  amount  of  carbon  dioxiti  in  its  expired  air.  In  such  cases 
the  carbon  dioxid  produced  in  the  nuiscles  is  given  off  to  the 
blood,  carried  to  the  hmgs,  and  then  exhaled  in  the  expired  air. 
Pettenkofer  and  ^'oit,  for  instance,  found  that  during  a  day  in 
which  much  mu.scular  work  was  done  a  man  expiretl  nearly  twice 
as  much  CO,  a.<5  during  a  resting  day.  The  same  fact  can  be 
shown  directly  upon  an  isolated  muscle  of  a  frog  made  to  con- 
tract by  electrical  stimulation.  The  carbon  dioxid  in  this  case 
diffuses  out  of  the  muscle  in  part  to  the  surrounding  air,  and 
in  part  remains  in  solution,  or  in  chemical  combination  as  car- 
bonates, in  the  liquicLs  of  the  ti.ss-ue.  It  has  l>een  shown  by 
Hermann*  and  others  that  a  muscle  that  has  Ijeen  tetanized  gives 

♦  Hermann,  ■  I'ntereuclmngfn  (Ukt  ikn  StoffwechBel  der  Muskcln,  etc.," 
Ilcriin.  1867. 


qitizRri  bv  vrT 


Digitiz 


66 


THE    PKYSIOLOGY    OF    MUSCLE    AND    NERVE. 


off  more  carbon  dioxide  than  a  resting  muscle  when  their  contained 
gases  are  extracted  by  a  gas  pump.  This  CO,  arises  from  the 
oxidation  of  the  carbon  of  some  of  the  constituents  of  the  muscle, 
and  its  existence  is  an  indication  that  in  their  final  stages  the 
changes  in  the  muscle  are  equivalent  in  those  of  ordinary  combus- 
tion at  high  temperatures,  the  burning  of  wood  or  fats,  for 
instance.  Moreover,  the  formation  of  the  COj  in  the  muscle  is 
accompanied  by  the  production  of  heat,  as  in  combustion;  and 
for  the  same  amount  of  CO,  produ  red  in  the  two  cases  the  same 
amount  of  heat  is  liberated.  Fletcher*  has  discovered  the 
significant  fact  that  the  increased  climin.ation  of  CO,  following 
upon  contraction  is  clearly  shown  only  when  the  muscle  is  well 
supplied  with  oxygen.  In  the  absence  of  oxygen  contraction 
may  cause  no  increase  in  the  CO,  given  off.  This  fact  seems  to 
be  in  accord  with  prevalent  ideas  regarding  the  nature  of  the 
muscular  metabolism,  according  to  which  the  chemical  processes 
take  place  in  two  stages.  In  the  fii^st  the  complex  energy- 
yielding  material,  sugar,  for  example,  undergoes  a  splitting 
process  which  results  in  the  formation  of  intermediary  products, 
such  a.s  lactio  acitl.  In  the  second  stage  these  intermediary 
products  are  oxidized,  provided,  as  Fletcher  points  out,  there 
is  an  adequate  supply  of  oxygen.  Under  normal  conditions  a 
sufficient  amount  of  oxygen  is  furnished  by  the  circulating 
blood,  but  under  pathological  conditions  and  in  the  excised 
muscle  the  supply  may  not  be  adequate,  and  as  a  result  the 
intermediary  products  are  not  oxidized  completely.  Under 
such  conditions  less  heat  is  produced  in  the  muscle,  and  the 
intermediary  products  accumulate  in  the  tissue  unless  carried 
ofi  as  such  in  the  blood. 

The  fact  that  a  muscle  will  continue  to  contract  on  stimuLation  even 
when  in  an  atmosfiherf  free  from  oxygen  was  formerly  interpretoil  to  mean 
that  some  oxygen  had  been  stored  previously  by  the  muscle  and  that  con- 
tractions were  possible  only  tus  long  as  this  supply  held  out.  But  since  it  haa 
been  found  that  the  contra-ctiona  under  thi'-se  circumstances  are  not  aceom- 
panied  by  an  ctutput  of  carlwn  di-oxid,  this  supjMisition  has  been  rendered 
doubtful.  It  has  been  suggested,  on  the  contrary,  that  the  energy  for  llie 
contractions  in  these  canen  may  be  obtained  from  otlier  than  oxidative  changes, 
for  example,  from  the  small  amount  of  heat-energy  liberated  in  the  splitting 
of  sugar  into  lactic  acid. 

Disappearance  of  the  Ghfcogen. — An  equally  positive  chemical 
change  in  the  muscle  during  contraction  is  the  disapjiearance  of  its 
contained  glycogen.  iSatisfactory  proof  has  been  furnished  that  the 
amount  of  glycogen  in  a  muscle  disappears  more  or  less  in  propor- 
tion to  the  extent  and  fluration  of  the  contractions,  and  that  after 
prolonged  muicular  activity,  especially  in  the  starving  animalj  the 

*  Fletcher,  "Journal  of  Phyfiiology,"  1902,  28,  474. 
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entirely.  In  what  wa; 
eonsumeti  is  not  completely  known;  the  matter  is  discusse<l  in  the 
section  on  Nutrition.  The  most  probalile  view  is  that  the  plyrogen 
is  first  converted  to  sugar  (dextrose")  by  the  aftion  of  an  aniylolytic 
enzyme,  and  the  sugar  in  turn  i:<  destroyetl  l)y  the  serial  aetirm  of 
several  enzjTiies.  The  first  stop,  probably,  ii*  a  conversiion  to  la«;tic 
acid  (CjHjjO,  —  2C,HfiO;,\  and  the  lartii-  acid  then  nnilerpoes 
oxitlation,  with  the  production  of  CO,  and  H,p,  under  the  influence 
of  an  oxidizing  enz^^ne,  eitlier  directly  or  after  conversion  to  .still 
lower  members  of  the  fatty  acid  iseries  (aretif  or  formic  acid). 
It  is  in  the  last  step,  that  of  oxidation,  that  most  of  the  heat 
energy'  is  given  ofi".  The  fact  that  the  glycogen  disappears  as  a 
result  of  the  contractions  does  not  mean  necessarily  that  this 
substance  or  the  sugar  into  which  it  is  converted  is  alxscjlutely 
necessary  for  the  chemical  changes  of  contraction.  It  is  stated 
that  the  muscle  will  continue  to  contract  after  all  its  glycogen  is 
used  up*;  still  it  must  be  borne  in  mind  that  the  using  up  of  the 
local  store  of  glycogen  does  not  mean  that  all  the  sugar  supply 
of  the  body  is  consumed.  After  the  most  prolonged  starvation 
the  blood  contains  its  normal  supply  of  sugar,  ami  we  can  only 
suppose  that  this  sugar  conies  from  the  material  of  the  body 
itself,  probabh'-  from  its  proteins,  and  it  remains  quit«  possible 
that  a  constant  supply  of  sugar  from  some  source  is  necessary  to 
the  chemical  changes  that  occur  in  normal  contractions. 

The  Forvialion  oj  l^ictlc  Acid. — The  lactic  acid  that  is  present 
in  the  muscle  is  beheved  to  lie  increased  in  (juantity  by  muscular 
activity.  Attention  was  first  called  to  this  point  by  du  I^ois- 
Reymond,  who  showed  that  the  reaction  of  the  tetanized  muscle 
is  distinctly  acid,  while  that  of  the  resting  muscle  is  neutral  or 
slightly  alkaline.  This  fact  can  lx>  ilemonst rated  by  the  use  of 
litmus  paper,  but  perhaps  more  strikingly  by  the  use  of  acid  fuchsin.f 
If  a  solution  of  acid  fuchsin  is  injected  under  the  skin  of  a  frog  it 
is  gradually  absorbed  and  distrilniteti  to  the  hotly  without  injuring 
the  tissues.  In  the  normal  media  of  the  body  this  .solution  remains 
colorless  or  ncaj'ly  so.  If  now  one  of  the  legs  is  tetanized  the 
njuscles  take  on  a  red  color,  showing  that  an  acid  is  protluced  locally. 
The  supposition  generally  made  is  that  the  acidity  during  activity 
15  due  to  an  increased  production  of  t^aicolactic  acid.  Experiments 
have  been  made  by  a  numiicr  of  observers  to  determine  quantita- 
tively the  amount  of  lactic  acid  in  the  resting  and  the  worked 
miuicle  respectively.  Several  have  stated  that  the  amount  is  act- 
ually less  in  the  workerl  muscle;  others  have  found  an  increase. 
The  balance  of  evidence  seems  to  show  that  there  is  an  increased 

•  JeoBcn,  "  Zeit«cljrift  f.  nliysiol.  Chemie,"  35,  525. 
t  DroBCT,  "Centralblatt  rur  Physiologic, "  1,  195,  1887. 
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production,  but  thnt  this  increase  tuny  1>e  obscured  in  tbc  living 
animal  by  the  fact  that  the  acid  is  removed  by  oxidation  or  by 
the  circulating  blood.  This  conclmiion  has  been  confirmed  in  a 
satisfactory  wa^'  by  the  striking  experiments  of  Fletcher  and 
Hopkins.*  These  observers  liave  shown  in  the  first  place  that 
injury  to  a  nmscle  causes  a  production  of  lactic  acid,  and  that, 
therefore,  the  usual  method  of  determining  the  amount  of  this 
substance  in  supposedly  resting  muscle  has  given  falhicious 
results  owing  to  the  injury  inflicted  during  the  process  of  extrac- 
tion. By  the  adoption  of  a  new  method  they  have  avoided  this 
error,  ami  they  find  that  in  resting  muscle  lactic  acid  exists  iu 
traces  only  (0.03  per  cent.)  or  perhaps  is  absent  altogether. 
An  appreciable  amount  is  formed  when  the  excised  muscle  is 
well  tetanized  {0.22  per  cent.),  also  after  injury,  and  e.specialh' 
in  the  development  of  rigor.  In  heat-rigor  a  maximum  yield 
of  O.ii  to  0.5  per  cent,  is  obtained  in  the  frog's  muscle.  In  a 
muscle  removed  from  the  Ijody  and  deprived,  therefore,  of  its 
supply  of  oxygen,  lactic  acid  develops  rapidly,  reaching  fmally 
an  amount  equal  to  that  observed  in  heat-rigor.  As  long  as 
such  a  surviving  muscle  shows  irritability  toward  artificial  stim- 
ulation, lactic  acid  continues  to  form.  When  irritability  is  lost, 
no  further  production  of  acid  can  be  detected  and  the  mu.scle 
soon  goes  into  ileath-rigor.  On  the  contrary,  if  the  muscle  is 
supplied  abundantly  with  oxygen,  no  accumulation  of  lactic  acid 
can  be  detected.  It  is  evident  from  these  observations  that 
lactic  acid  is  formed  in  the  muscle  as  a  result  of  the  chemical 
changes  underlying  contraction,  and  also  of  the  changes  that 
occur  during  dying.  The  interpretation  of  this  fact  and  also 
of  the  further  fact  that  the  lactic  acid  does  not  appear  when 
oxygen  is  freely  supplied  to  the  muscle  is  surrounded  with 
difficulties  owing  to  our  lack  of  knowledge  of  certain  details. 
The  simplest  explanation  at  present  is  that  already  mentioned, 
namely,  that  the  lactic  acid  is  an  intermediary  pi-oduct  formed 
from  the  sugar  by  enzyme  action,  and  that  it  subsequently, 
in  the  presence  of  oxygen,  undergoes  oxidation  under  the  influ- 
ence of  other  enzyme-s.  From  this  point  of  view  it  is  necessary 
to  assume  that  when  oxygen  is  freely  supplied  to  an  excised 
muscle  lactic  acid  does  not  accumulate  because  it  is  removed  by 
oxidation  as  rapidly  as  it  is  formed.  This  explanation  of  the 
significance  and  origin  of  the  lactic  acifl  agrees  well  with  the  fact 
that  ill  the  contracting  muscle  glycogen  disappears  as  the  lactic 
acid  appears.  In  rigor  mortis,  however,  although  lactic  acid  is 
formed  in  considerable  quantity,  it  is  still  a  question  whether  or 

*  Fk'iclier  aniJ  Hopkins,  "Journal  of  Physiology,"  1907,  35,  247. 
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not  glycogen  disappears  pro|>ortionat.eIy  frcini  the  muscle.* 
In  view  of  this  and  similar  difficulties  it  is  necessary  that  the 
tk*  pven  above  shall  be  considered  as  tentative  until  further 
bovledge  is  oVjtaincd. 

Chemical  Changes  during  Rigor  Mortis. — The  chemical 
Ij  chiBgBS  during  rigor  have  been  referred  to  above.  h\it  may  l->e 
jL     fuaataiiied  here  in  brief  form  : 

H         I.  There  u?  a  coagidatitui  of  the  protein  material  of  the  muscle 

^L   plutna.  which  at  present  may  !«  explained  by  supposing  that  the 

^P   epDiAiried  myosin  and  myopen,  spontaneously,  or  under  the  action 

of  acid  prtxiucts  of  nTPtalMDti.snif,  pa-ss  into  their  insoluble  forms,^ 

namely,  myosin  fibrin  and  myogcn  fibrin. 

2.  There  is  an  increased  acidity,  ilue  ttoulitless  to  a  production 
of  lictic  aeid. 

3.  There  is  a  production  of  CO,.  Hermann,  in  his  original  ex- 
perimsnta,  asserts  that  in  rigor  there  is,  so  to  speak,  a  maximal 
production  of  CO,. — that  is,  all  of  the  material  in  the  muscle  capable 
cf  yielding  CO,  is  broken  down  during  rigor.  The  amcjunt  of  CO, 
^vta  off,  therefore,  by  a  resting  mu.snle  when  it  goes  into  rigor 
ii  giwiter  than  in  the  case  of  a  worked  muscle,  since  in  the 
litter  some  of  the  material  capable  of  yielding  COj  has  been  used 
up  during  contraction. 

4.  The  con.sumption  of  glycogen.  According  to  some  observers, 
glycfjgen  disappears  during  rigor  a.s  it  docs  during  contraction; 
but  others  find  that  the  amount  is  not  clianged  during  this  procesa 
As  the  glycogen  after  death  Is  converted  to  stigar  with  some  rapidity 

Lii.pOBible  that  the  disappearance  noted  Ijy  the  former  observers 
IBOtdue  lo  the  rigor  process,  Init.  to  prtst-mortoni  frrnientation.  f 
The  Relation  of  the  Chemical  Changes  during  Contraction 
to  Fatigue;  Chemical  Theory  of  Fatigue. — As  we  have  s^'on,  a 
luside   kept   in   continuous   contraction   stx)n   shows   fatiirue  ;    it 
more  and  more  until,  in  spite  of  constant  stimulation,  it 
completely  unirritable.     We  may  define  fatigue,  there- 
fore, a«  a  more  or  less  complete  loss  nf  irritability  and  contractility 
brought  on  by  functional  activity.     But  even  when  the  fatigue  b* 
eompleto   and    the    mu.scle  fails   to  respond   at  all    to   maximal 
ctiniulation,  a  very^  short  interval  of  rest  is  .sufficient  tn  bring  about 
some  rptum  of  irritability.      For  a  complete   restoration  to  its 
normal  condition  a  long  interval  of  time  may  be  necessary.     If 
the  muscle  is  isolated  from  the  body  and  is  thus  deprived  of  its 
circulation   and  its   proper   supply  of   oxygen,  fatigue   appears 
mort*  rapidly  and  is  recovered  from  less  completely.     Ranke,t 

•  B6hm.  PfhiRpr's  "Archiv  f.  d.  KPsamnito  PhyKiolaKi«*."  2.'i,  44,  18S0, 

t  Kiffch,  Hofmcwtor'fl  "  Bcitrfifce  zur  chotn.  Physiol,  u.   Pathol.,"  8,  210, 


I,  "  Tetanus,"  Leipsig,  1865. 
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to  whom  we  owe  the  first  thorough  investigation  of  this  subject, 
was  led  to  believe  that  as  a  result  of  the  chemical  changes  occur- 
ring in  the  muscle  during  contraction  certain  substances  are 
formed  which  depress  or  inhibit  the  power  of  contraction.  In 
support  of  this  view  he  found  that  extracts  made  from  the 
fatigued  muscles  of  one  frog  when  injected  into  the  circulatiun 
of  another  fresh  frog  would  bring  on  the  appearance  of  fatigue 
in  the  latter.  Control  experiments  made  with  extracts  of 
unfatiguetl  muscles  gave  no  such  result.  He  designated  these 
inhibitory  products  as  fatigue  sulistances  and  made  ex{>erimcnts 
to  prove  that  they  consist  of  the  known  products  of  muscular 
metabolism,  namely,  lactic  acid,  car!>on  di-oxide,  and  possibly 
also  acid  pi>tassium  phosphate  (KH^POi).  The.se  results  have 
been  confirmed  by  other  observers,  and  we  may  accept,  therefore, 
the  view  that  the  products  of  muscutar  activity,  if  they  are 
allowed  to  accumulate  in  the  muscle,  serve  to  diminish  or  sup- 
press its  contractility.  We  know  that  when  muscular  activity 
is  prolonged,  or  is  carried  out  under  conditions  which  imply  a 
lessened  supply  of  oxygen,  an  accumulation  of  some  of  these 
products  does  actually  occur.  It  is  possible,  of  course,  that 
other  intermediary  substances  are  formed  which  may  have  a 
similar  effect-  Thus  Weichardt*  htt.s  stated  that  muscular 
contractions  gi\'e  rise  to  a  definite  toxin,  derived  from  the 
protein  material  of  the  muscle,  which,  in  his  opinion,  is  the  chief 
agent  in  causing  fatigue.  He  claims  to  have  isolated  this 
fatigue  toxin  (kenotoxin)  to  the  extent  at  lea.st  of  having  freed 
it  from  the  above-mentioned  fatigue  substances  of  Ranke. 
When  injected  into  the  circulation  of  a  fresli  animal,  it  brings 
on  fatigue  or  even  death.  Moreover,  by  injecting  it  in  suitable 
doses,  the  body  may  form  an  antitoxin,  and  this  latter  substance, 
when  given  to  a  fresh  animal,  may  confer  upon  it  an  unusual 
capacity  for  performing  muscular  work,  it  is  not  advisable, 
however,  to  accept  these  statements  untd  the  facts  have  been 
corroborated  by  other  observers  and  further  experiments.  At 
present  we  are  justified  only  in  laying  emphasis  upon  the  known 
products  of  muscular  metabolism,  particularly  the  lactic  acid. 
When  this  .substance  accumulates  in  the  muscle  it  may  be  carried 
off  in  the  blood  and  thus  influence  other  organs.  On  such  a 
BupiMsition  we  may  explain  the  fact,  brought  out  by  ergographic 
experiments,  that  marked  exercise  of  one  set  of  muscl&s,  for 
example,  those  of  the  legs  in  walking  or  climbing,  may  diminish 
the  amount  of  work  obtainable  from  other  unused  muscles,  such 
as  those  of  the  arms.    So  also  the  effect  of  muscular  exercise 

♦Wdfchart,  "Archiv  f    Annt.  u.  Physiol,  (phvsio!.  Abth.),"  1906,  219; 
also  "  Miinchencr  med.  Wocheoschrift,"  1904,  1905,  1906. 


Digitized  by 


Google 


DDlhe  rate  of  the  respiratory  itiovements  and  upon  the  heurt- 
id  expl&itied,  as  we  shall  see,  in  a  similar  way.  It  should 
be  mided  that  Lee,*  confirming  an  older  observation  by  Ranke, 
hat  published  exjjeriments  which  indicate  that  the  first  effect  of 
the  so-called  fatigue  substances  is  to  increase  the  irritability  of 
the  muscle,  while  the  later  effei-t  is  to  diminish  the  irritability  or 
to  suppress  it  altogether.  In  this  initial  favoring  influence  Lee 
find*  an  explanation  of  the  phenomenon  of  Treppc  (see  p.  34). 
The  theof}'  of  fatigue  substances  does  not,  however,  explain  all 
the  phenometia,  particularly  the  after-results.  As  wjts  stated  in 
describing  the  experiments   made  with   the  ergograph,   a  very 

IAatl  rest  sutlices  to  make  the  muscle  again  capable  of  lifting  its 
lo»d,  but  a  very  long  interval  of  rest,  two  hours,  may  be  required 
before  the  muscle  is  restored  entirely  to  its  normal  condition. 
8och  a  long  interval  is  probably  not  necessary  for  the  removal 
of  the  metabolic  products,  and  we  must  recognize  that  a  part  of 
thef&tigue  is  due  to  a  using  up  of  the  material  from  which  the 
4]feer^'  is  obtained.     That  is,  during  contraction  the  processes 
Mdiaissimilation  or  catabolism  are  in  excess  of  those  of  assimila- 
tioo  or  anabolism,  so  that  at  the  end  of  prolonged  muscular 
ictivity  the  muscle  contains  a  diminished  supply  of  oxidizabte 
energy-yielding   material.     To   supply    this   deficiency    new 
material    must    be    received    by    the    muscle.     We  must 
therefore,  that  two  factors,  accumulation  of  the  products 
>oli8m  and  exhaustion  of  energy-yielding  material,  co- 
qienite  to  produce  the  conditions  actually  ob.served;  but  the 
former  of  these,  the  formation  of  metabolic  products,  seems  t»)  be 
&  protective  mechanism  that  is  especially  adapted  to  save  the 
Bliscle  from  complete  exhaustion.      In  what  way  these  products 
depress  the  irritability  and  contractility  of  the  muscles  is  not 
known. 
H       Theories  of  Muscle  Contraction. — It  is  universally  admitted 
Hibat  the  ultimate  cause  of  tiie  muscle  contraction  is  the  chemical 
^■iltBge  cau.<^d  by  the  stimulus.    While  the  nature  of  this  chemical 
^^iiiction  is  not  definitely  known,  it  is  believed  also  that  it  consists 
in  a  process  of  splitting  and  oxidation  whereby  large  and  relatively 
unstable  molecules  are  reduced  to  snialler  and  more  stable  ones,  such 
as  water  and  the  cArbon  dioxid  and  lactic  acid  which  we  recognize 
among  the  pnxlucts.   This  reaction  is  exothermic — that  is,  some  of 
the  chemical  or  internal  energy  of  the  complex  compound  is  liber- 
ated as  heat.     Both  of  these  results  are  so  frequently  oljserved  in 
oUier  chemical  reactions  that  they  call  for  no  special  comment 

•  For  discuwion  and  cxporitinrita,  ece  Leo,  Harvey  Lectutrs,  lOO.'i-OC, 
Fluladdphia,  1900;  also  "Journal  of  the  Ameri.-svn  MfMlical  Asworialion,"  May 
19.  1906,  »nd  "  Aniwican  Journal  of  PhyHioIoKy,"  is.  207,  1907. 
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ill  the  muscle  by  means  of 
which  the  energy  liberated 
during  the  chemical  change 
is  utilized  in  cuusing  move- 
ment, somewliiit  in  the  same 
way  as  the  heat  enery  de- 
velupetl  in  a  gas-engine  is 
converted  by  a  mechanism 
into  mechanical  movement, 
or  the  electrical  energy  in 
the  coils  of  a  motor  is  util- 
ized by  a  device  to  do%elop 
movement.  Regarding  the 
means  used  in  the  muscle  to 
transform  the  original  chem- 
ical or  internal  energy  to  me- 
chanical movement  we  have 
no  or  very  little  positive 
knowledge.  Numerous  theo- 
ries of  a  more  or  less  specu- 
lative character  have  been 
proposed.  It  h£is  been  sug- 
gested (Weber)  that  the  mus- 
cular force  is  essentially  due 
to  the  elasticity  of  the  mus- 
cle. It  is  known  that  the 
elasticity  of  substances  may  change  with  conditions,  and  it  is 
assumed  that  after  stimulation  the  physical  condition  of  the 
muscle  is  changed  and  th;it  the  increased  elastic  attraction  be- 
tween the  particles  gives  it  the  form  of  the  contracted  muscle. 
According  to  others  (Fick),  the  mechanical  contraction  is  a  direct 
result  of  an  increased  chemical  affinity,  while  others  (Miiller) 
find  an  explanation  in  supposed  electrical  charges  upon  the 
doubly  refractive  particles  of  the  muscle,  in  consequence  of  which 
there  are  developed  electrical  attractions  and  repulsions  at  the 
different  poles.  More  reeentl\',  the  attention  of  physiologists 
has  been  called  to  the  possibility  that  the  chemical  changes  may 
cause  directly  an  alteration  in  the  conditions  of  surface  tension, 
and  thus  bring  about  the  process  of  shortening.  In  the  resting 
muscle,  for  example,  there  is  a  certain  tension  at  the  surface  of 
separation  of  the  fibrils  and  the  sarcopla.sm.     If  the  chemical 


FJK.  27. — Engdinmnn'ii  artificial  muscle. 
The  artificial  iiiu<cl«  b  repremnted  by  the 
calKUt  sCriiii;,  m.  'I'hin  ia  HurroundecJ  by  a 
cairuf  |>laliiium  win,  ir,  throueb  which  an 
elect riciu  current  may  be  sent.  The  catgut 
ia  attached  to  a  lev«r,  h,  whuae  fulcrum  ia  at 
e.  The  oalsut  in  immereerl  in  u  twakcr  uf 
water  at  a?  Jo  56'  C.  and  "  Btitiiulated  " 
by  the  auddeD  increase  in  temperature  cauaed 
by  the  paasage  of  a  current  through  the  ooii. 
— (After  Enodmann.) 
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fhiBgra  in  the  fibrils  set  up  by  a  stimulus  wore  such  as  to  in- 
crrwe  th«*  surface  tension  of  the  fibrillary  surface,  the  fibril 
would  tend  to  assume  a  more  spheriral  furni,  ami  tliuH  bring 
about  A  short.ening  in  length'  of  the  muscle.*  The  usual  view 
•noDg  physiologists,  however,  has  been  that  the  muscle  is  es- 
leotially  a  themio-tljiiamical  apparatus,  arranged  so  that  the 
kit  grnerateci  during  contraction  is  converted  into  work,  that  is 
to«y,  into  a  mechanical  shortening.  A  specific  and  comprehen- 
aUe  hypothesis  of  this  character  has  Ijeen  formulated  by  EngeU 
nsLf  This  author  has  shown  that  all  contractile  tissues  contain 
(JDobly  rrfractive  particles,  that  in  the  striped  muscle-fiber  these 
ptftideB  are  arranged  in  discs, — the  dim  bands, — with  the  singly 
frfneUng  material  forming  the  light  Imiids  on  either  side.  During 
funtraction  he  believes  that  the  rnateriai  of  this  latter  struc- 
ture 13  absorbed  by  the  doubh'  refractive  .substance.  Engelnumn 
bx  shown,  moreover,  that  dead  substances,  which  contain 
dflobly  refractive  particles  and  possess  the  property  of  imbibi- 
tion, such  as  catgut,  when  soaked  with  water  will  shorten  upon 
hMlinR  and  relax  again  upon  cooling.     His  explanation  of  the 

»  mechanics  of  contraction  in  brief  is  that  the  chemical  change 
brought  about  in  the  muscle  liberates  heat,  and  that  the  effect 
d  this  heat  upon  the  atijacent  doubly  refractive  particles  is  t-o 
■ike  them  imbibe  the  surrounding  water.     If  we  further  suppose 
tbt  these  particles  in  the  resting  muscle  are  linear  or  prismatic 
in  shape,  then  upon  imbibing  water  they  will  tend  to  become 
■pherical,  causing  thus  a  shortening  in  the  long  liiameter  and  an 
benease  in  the  cross  diameter.    The  muscle,  in  other  words,  is  an 
apparatus  comparable,  let  us  say,  to  a  gas  engine:  each  stiunilus, 
liix  a  spark,  causes  the  physiological  oxidation  of   a  portion 
^«  oflhc  usable  material  in  the  mus<-le,  and  the  heat  thus  pro<lured 
^^KarCsnipon  the  doubly  refractive  material  :is  uj>on  a  piei-e  of  miulitn- 
^^k|t<nd  causes  it.  to  shorten  by  imbibition.     Cuntnirtion,  in  a  word, 
^Hai  phenomenon  of  thermic  imbibition.     Engelmann  has  given  an 
appearanoe  of  verisimilitude  to  this  hypothesis  by  constnicting 
aa  artificial  muscle  from  a  piece  of  violin  string.    The  apparatus 
uaed  is  ilUistrate'l  in  Fig.  27.     A  cat^tt  string  (m)  is  surrounded 
by  a  coil  of  platinum  wire  («')  through  which  an  electrical  current 
J.  jnay  be  sent.     The  object  of  this  arrangement  is  to  heat  the  catgut 
P^Dddcnty.      The  platinum  coil  shouhl  not  actually  touch  the  catgut. 
*Thecaf{r»it  is  attached  to  a  lever,  as  shown  in  the  figure.    The 
Catgut  is  thoroughly  soaked  by  immersing  it  in  a  beaker  of  water 

•For  a   g:*»n^ral    prrwntation   of   this    vifw  !vh>   McCallutn,    "Srience,'' 
Oetober,  1910;  Benwtoin,  ■'.\nhiv  f.  .1.  «»«.  Pliysi.tl<)KM-,"  HF,,  271,  KlOl. 

t  Eafelmann,  "  Ueber  den   UrsprunR  diT  .TVIuskplkraft,"  Lfipiig.   1S93: 
He  abo    I^flOgera   "Archiv,"    7,   15.5,    \H7',i;  and   "  Archiv   f.   Physiologic, 
t«7.  25. 
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Fiit.  20.  — Imitition  of  incompJete  tetanus  bv  the  artificial  tnuacle.  TV  tima  I 
duration  r>r  the  AUMeosivn  twfttings  bpb  indicated  by  the  breaks  in  th«  lower  line.  Ei 
■ucli  hnatinK  rauaea  •  aeparate  contraotioa,  and  these  ountraclions  are  summateu  fta  ill 
letaoic  controctiua  of  milaole. 
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and  the  temperature  is  thea  raised  to  50°  to  55°  C.  If  then  a 
current  Is  turned  into  the  coil  the  slight  but  somewhat  rapid  heating 
of  the  catgut  will  cause  it  to  shorten,  owing  to  the  inibibilion  of 
more  water.  When  the  current  is  broken  the  catgut  cools  and 
relaxes  slowly.  Records  may  be  obtained  in  this  way  which  are 
altogether  similar  or  identical  with  those  given  by  a  strip  of  plain 
muscle  when  stimulated  (see  Figs.  28  and  20),  The  model  may  be 
used  to  show  the  effect  of  temperature  upon  the  e.\*ent  and  dura- 
tion of  the  contractions,  the  efTect  of  variations  in  strength  of 
stimulus  as  expressed  in  the  amount  of  current  used,  the  sum- 
matioa  of  successive  stimuli,  etc.  Under  all  of  these  conditions 
it  imitates  closely  the  behavior  of  plain  muscular  tissue. 

Another  somewhat  similar  explanation  of  the  meclianics  of  contraction 
has  been  suggest^  by  McDougaii*  and  has  obtained  support  from  sevenJ 
obewvers.  According  to  thi.**  \-icw  the  chanie  in  form  of  the  muscle  ia  due 
to  the  pa'^fn^  of  liciiiid  frum  the  HiirroundiRg  aarcoplnfim  into  the  (Ibrills 
<or  sarcoslylcs).  This  imbibition  of  liquid  by  the  sarcoatylcs  may  be  referred 
io  the  increaae  of  osmotic  pressure  ^^^thin  them  caused  by  the  chemical 
fhangcfl  following  stimulation,  particularly  the  formation  of  lactic  acid.  The 
sarcostyles  are  divided  transversely  by  the  Krause  membranes  into  sarcomeres, 
which  have  the  form  of  elongated  cylinders,  by  the  absorption  of  water  their 
form  ia  changed  to  that  of  a  flattened  cylinder,  hence  the  ahorteninf^. 

•  McDougall,  "Journal  of  Anatomy  and  Phvfliologj-,*'  1897,  31,  410,  and 
1898,  32.  187.  See  also  Meigs,  "Zeit.  f.  allgemeinc  Phyaiologie,"  1908,  8,  81, 
imd  "American  Journal  of  Physiology,"  26,  191,  1910. 
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THE  PHENOMENON  OF  CONDUCTION— PROPERTIES 
OF  THE  NERVE  FIBER. 

Conduction. — When  living  matter  is  excited  or  stimulated  in 
any  way  the  excitation  is  not  loc-alized  to  the  point  acted  uix)n, 
but  is  or  may  be  propagated  throughout  its  substance.  This  prop- 
erty of  condiiicting  a  change  that  has  been  initiated  by  a  stimulus 
appUcd  locally  is  a  general  property  of  protoplasm,  and  is  exhib- 
ited in  a  striking  way  by  many  of  the  simplest  forms  of  life.  A 
light  touch,  for  instance,  applied  to  a  vorticella  will  cause  a  retrac- 
tion of  its  vibrating  cilia  and  a  shortening  of  its  stalk.  In  the  most 
specialized  animals,  such  as  the  mammalia,  this  property  of  con- 
duction finds  its  greatest  development  in  the  nervous  tissue,  and 
indeed,  especially  in  the  axis  cylinder  processes  of  the  nerve  cells, 
the  so-called  nerve  fibers.  But  the  property  is  exhibited  also  to 
a  greater  or  less  extent  by  other  tissues.  When  a  mviscular  mass 
is  stimulated  at  one  point  the  excitation  set  up  may  he  propagated 
not  only  through  the  substance  of  the  cells  or  filx-rs  directly  affected, 
but  from  cell  to  cell  for  a  considerable  distance.  In  the  heart 
tissue  and  in  plain  muscle  it  has  been  shown  that  a  change  of 
this  sort  may  be  comlucted  independently  of  the  phenomenon 
of  visible  contraction.  A  stimulus  applied  to  the  venous  end 
of  a  frog's  heart,  for  instance,  may,  under  certain  conditions, 
be  conducted  tlxrough  the  auricular  tissue  ■without  causing  in  it  a 
visible  change,  and  yet  arouse  a  contraction  in  the  ventricular 
muscle  (Engelmann).  Similarly,  it  can  be  shown  that  ciliary 
cells  can  conve\'  a  stimulus  from  cell  to  cell.  A  stinmlus  a])ptied 
to  one  point  of  a  field  of  ciliary  epithelium  may  set  up  a  change 
that  is  conveyed  as  a  ciliary  impulse  to  distant  cells.  The 
universality  of  this  property  of  conduction  in  the  simpler,  less 
differentiated  forms  of  life,  and  its  presence  in  some  form  in 
many  of  the  tissues  of  the  higher  forms  would  justify  the  as- 
sumption that  the  underlying  change  is  essentially  the  same  in 
all  cases.  But  in  nerve  fibers  this  property  has  become  special- 
ized to  the  highest  degree,  and  in  this  tissue  it  may  be  studied, 
therefore,  with  the  greatest  success  and  profit. 

Structure  of  the  Nerve  Fiber. — The  peripheral  nerve  fiber, 
as  we  find  it  in  the  nerve  trunks  and  nerve  plexuses  of  the  body, 
may  be  either  raedullated  or  non-medullated.     All  the  nerve  fibers 
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Tnat  arise  histologically  from  the  nerve-colls  of  the  central  nervous 
system  proper — the  brain  antl  cord  and  the  outlying  sensory 
ganglia  of  the  cranial  nerves  and  the  posterior  spinal  roots — ^sre  j  . 
meduUated,  These  fibers  contain  a  central  core,  the  axis  cylinder.  ^/*  ^* 
which  is  usually  regarded  as  an  enormously  elongated  process  of 
the  nerve  cell  with  which  it  is  connected.  The  axis  cylinder  shows 
a  differentiation  into  fibrils  ('neurofibrils')  and  interfibrillar  sub- 
stance (neuroplasm).  All  of  our  evidence  goes  to  show  that  the 
axis  cyhnder  is  the  essential  part  of  the  nerve  fiber  so  far  as  its 
property  of  conduction  is  concerned.  It  is  further  assumed  that 
the  neurofibrils  in  the  axis  cjlinder  form  the  conducting  mech- 
anism rather  than  the  interfibrillar  substance.  Surrounding  the 
axis  cylinder  we  have  the  medullary  or  myelin  sheath,  varying 
much  in  thickness  in  different  fibers.  This  sheath  is  composed  of 
peculiar  material  and  is  interrupted  or  divided  into  segments  at  cer- 
tain intervals,  the  so-calletl  nmles  of  Ranvier.,  Outside  the  myelin 
there  is  a  delicate  elastic  sheath  comparable  to  the  sarcolemma  of 
the  muscle  fiber  and  designated  as  the  neurilemma.  Lying  under 
the  neurilemma  are  found  nticlei,  one  for  each  intemodal  segment 
of  the  myelin,  surrounded  by  a  small  amount  of  granular  proto- 
plasm. The  non-meduUated  fibers  have  no  myelin  sheath.  They 
are  to  be  considered  as  an  axis  cylinder  process  from  a  nerve  cell, 
surrounded  by  or  inclosed  in  a  neurilemraal  sheath.  These  fibers 
arise  histologically  from  the  npr\'e  cells  found  in  the  outlying 
ganglia  of  the  body,  the  ganglia  of  the  sympathetic  system  and 
its  appendages. 

The  Function  of  the  Myelin  Sheath. — The  myelin  sheath  of 
the  cerebrospinal  nerve  fil>ers  is  a  structure  that  is  interesting  and 
peculiar,  both  as  rcganls  its  origin  and  its  composition.  Much 
speculation  has  been  indulged  in  with  regard  to  its  function,  but 
practically  nothing  that  is  certain  can  be  said  upon  this  point.  It 
has  been  supposed  by  some  to  act  as  a  sort  of  insulator,  preventing 
ptintact  between  neighboring  axis  cylinders  and  thus  insuring 
l>etter  conduction.  But  against  this  view  it  may  be  urged  that 
vre  have  no  proof  that  the  non-meduUated  fibers  do  not  conduct 
equally  as  well.  The  view  has  some  probability  to  it,  however, 
for  we  must  remember  that  the  non-meduUated  fibers  do  not  run 
in  large  nerve  tninks  that  supply  a  numljer  of  different  organs, 
and  therefore  in  them  a  provision  for  isolated  conduction  is  not  so 
neoesBary.  Moreover,  in_tbc_meduUated  fibers  thejnyelin  sheath 
yJc^^^U^^frajQ-Jts  peripheral  end  ultcr  the  nerve  has  entered  the 
tiqma_ti9^wh'  '  "-   <!istiiltutcd,  indicating  that  its  function 

i^thgn^^l  iiy.     According  to  the  older  conceptions 

ol  the  proces-  ii  i  .iri.i  it  ion  in  nerve  fibers,  not  only  anatomical 
but  also  phvc-iulugj*  ill  continuity  is   necessary*.     Mere  contact  of 
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living  axis  cylinders  would  not  enable  the  nerve  impulse  to  pass 
from  one  to  the  other.  The  newer  views,  iududod  in  the  so-called 
neuron  theory,  assume  that  mere  contact  of  living,  entirely  normal 
nerve  substance  does  permit  an  excitatory  change  to  pass  from  one 
to  the  other,  so  that  it  is  not  inipossil)le  that  the  myelin  sheath 
may  serve  to  prevent  one  axis  cylinder  from  iiiHuencing  the  neigh- 
boring axis  cylinders  in  a  nerve  trunk. 

.\8  some  e\'idcnce  for  this  view,  attention  has  been  called  to  the  fact  that 
in  thf!  rondition  kntwn  as  multipfc  or  insnlar  wlfTosia  of  thf  brain  and  oord 
the  uxis  nylindersof  the  iircafl  affpfted  remain  intact,  whilu  the  myelin  sheiitha 
are  destroyed.  The  disturbanres  of  eo-onlination  (icronipanyiup  this  condi- 
tion may  be  »«i  cxprcfwion,  therefore,  of  a  loss  of  Isolatcnl  conduction. 

Others  have  supposed  that  the  myelin  sheath  serves  as  a  source 
of  nutrition  to  the  inclosetl  axis  cylinder,  or  as  a  regulator  in  some 
way  of  its  metabolism.  No  fact  is  reported  that  would  make  this 
suggestion  seem  probable.  In  general,  it  is  found  that  the  myelin 
sheath  is  larger  in  those  fibers  that  have  the  longest  course;  the 
size  of  the  sheath,  in  fact,  increases  with  that  of  the  axis  cylinder. 
It  is  known  also  that  the  meduUatetl  fibers  in  general  are  more 
irritable  to  artificial  stimuli  than  the  non-medullated  ones,  and 
that  when  induction  shocks  are  employed,  the  non-medullated 
fibers  lose  their  irritability  more  rapi<lly  at  the  point  stimulated. 
None  of  these  facts  are  sufficient,  however,  to  imiicate  the  proliable 
function  of  the  myelin.  The  embryological  development  of  the 
sheath  also  fails  to  throw  light  on  its  physiological  significance. 
For,  while  it  is  usually  supposed  that  the  axis  cylinder  itself  is 
simply  an  outgrowth  from  the  nerve  cell,  and  the  myelin  sheath 
arises  from  separate  mesoblastic  cells  which  surround  the  axis 
cylinder,  this  view,  so  far  as  the  myelin  is  concerned,  is  not  beyond 
question,  and  the  study  of  the  process  of  regeneration  of  nerve 
fibers  indicates  that  the  actual  production  of  myelin  is  controlled 
in  some  way  by  the  functional  axis  cylinder.  The  axis  cylinder 
outgrowths  from  the  sympathetic  nerve  cells  found  in  the  ganglia 
of  the  8yin]>athetic  chain  and  in  the  peripheral  ganglia  generally 
of  the  body  are  usually  non-niedtdlated,  although  apparently 
this  is  not  an  invariable  rule.  In  the  birds  all  such  fibers,  on  the 
contrary,  are  meduUated  (Langley*).  Nothing  is  known  as  to 
the  conditions  that  determine  whether  a  nerve-fiber  process  shall 
or  shall  not  be  surrounded  liy  a  myelin  sheath. 

Chemistry  of  the  Nerve  Fiber.— Our  knowledge  of  the  chem- 
istry of  the  nerve  fibers  is  v<'ry  incomplete.  The  myelin  sheath 
is  composed  largely  of  bo(iies  to  which  the  general  name  of  "  lip- 
oids "  has  been  applied.  This  term  is  used  as  a  generic  name  for 
those  constituents  of  living  cells  which  can  be  extracted  by  ether 
•  Langley,  "JoumaJ  of  Physiology,"  30,  22],  1»03;  20,  55,  1890. 
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or  similar  solvents.  It  is  a  biological  rather  than  a  chemical 
t<?rm.  By  extraction  of  myelin  with  hot  alcoliiol  a  complex  phos- 
phorus-containing sultstance  known  as  i>rotap;on  may  be  obtained 
in  cr>'stalline  form.  This  sufjstance  is,  howevcT,  believed  now  to 
be  a  mixtiire  rather  than  a  definite  chemical  individual.  The 
most  important  substances  isolated  from  the  myelin  are  lecithin, 
chol^eri  Djand  the  eerebrosides. 

Z^ccr/Ain(C^H9oNPt5^r~is~arwaxy  hygroscopic  yellowish  sub- 
stance containing  about  4  per  cent,  of  phosphorus.  Wlien  tie- 
composed  by  the  action  of  alkalies  it  yields  as  split  products 
glycerophosphoric  acid,  a  nitrogenous  base,  cholin  (CsHisNO^), 
and  some  of  the  higher  fatty  acids,  such  as  oleic,  palmitic,  or 
stearic.  It  is  probable  that  there  are  a  number  of  different 
lecithins  varj'ing  somewhat  in  their  composition,  for  instance, 
in  the  character  of  the  fatty  acid  contained,  in  the  molecule. 
The  lecithipB  conatitute-on^-R^mbttr  of  a  larger  group  known  as 
pbosphatids^ _  which  are  characterized  by  the  presence  of  both 
phosphorus  and  nitrogen.  They  are  widely  distributed  in  the 
tissues  and  liquids  of  the  body,  but  are  especially  characteristic 
of  the  white  matt.er  of  the  nervous  system.  They  combine  easily 
with  other  substances,  such  as  proteins,  giucosides,  etc.,  and  it  is 
probable  that  lecithin  exists  in  some  such  combination  in  the 
myelin.  The  decomposition  of  the  lecithin  referred  to  above 
occurs  in  the  body  when  nerves  undergo  degeneration.  The 
presence  of  the  fatty  acid  liberated  under  such  circumstances  is 
demonstrated  by  the  wt-l!-known  reaction  with  osmic  acid  used  to 
detect  degenerated  nerve  fibers,  while  the  existence  of  cholin  has 
been  shown  by  Halliburton*  in  the  liquids  of  the  bofly,  not  only 
aft4»r  nerve-degeneration  produced  by  experimental  lesions,  but 
in  the  case  of  degenerative  diseases  of  the  nervous  system. 

Cholesterin  or  cholesterol  (C„H«0)  is  a  white  cr>'stal!ine  sub- 
stance containing,  as  its  formula  shows,  neither  nitrogen  nor  phos- 
phorus. It  is  widely  distributed  among  the  tissues  of  the  body, 
and  in  an  isomeric  form  phytocholesterin  occurs  also  in  plants. 
In_the_animal  IkkIv  U  is  especi_aily  abundant  in  the  white  matter, 
of  the  nerves.  The  chemical  nature  of  cholesterin  h:is  loti^  been  a 
matter  of  uncertainty,  but  recent  work  irnlicates  that  it  lielongs 
to  the  group  of  "terpenes"  heretofore  supposed  to  be  confined 
to  the  plant  kingdom.     It  is  given  the  formula — 

(CH.),  =  CH-CH,-CH,-C„H„-CH  =  CH, 


/\ 


CH, 


CH,.    / 

CHOH 

•  ITaUiburton,  "British  Mt-diral  Journii!,"  15)07.  May  4  iiii<f  11.  .\l90 
"Folitt  Npuro-Biolo(rioa,"  H)07,  i.,  3.S,  and  "Biochcmistrv  of  Muscle  and 
NVrvf  "  Philadelphia,  1904. 
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The  fact  that  lecithin  and  cholpsterin  usually  occur  together 
has  suggested  that  they  have  some  physiological  connection.  It 
has  been  supposed,  for  example,  that  they  act  as  a  check  upon  each 
other.  Lecithin  under  certain  conditions  favors  hemolysis  of  red 
corpuscles,  or  the  action  of  lipase  on  fat,  while  cholesterin  inhibits 
both  of  these  activities.  No  application  of  this  antagonistic  rela- 
tionsliip  is  possible  at  present  in  the  case  of  the  myelin  sheath. 

Cerebrosides  or  Cerebrogaladosides.— This  name  is  given  to  a 
group  of  bothes  containing  nitro^en^  but  no  phosphorus.  In  the 
myelin  they  are  found  in  connection  vnXh  and  possihlj'  in  com- 
bination with  the  lecithin.  Thev  belong  to  the  proup  of  glucosides, 
that  is,  on  hydrolytic  decomposition  they  give  rise  to  a  carbo- 
hydrate group,  i  n  this  case  galactose.  Fatty  acids  and  a  nitrogenous 
base  also  result  from  this  decomposition.  The  cerebroside  material 
obtained  from  the  white  matter  has  been  named  specifically 
cerebrin  or  phrenosin,  but  little  is  known  of  its  exact  structure. 

Union  of  Nerve  Fibers  into  Nerves  or  Nerve  Trunks. — The 
assembling  of  nerve  Hbcrs  into  larger  or  smaller  nerve  trunks  re- 
sembles histologically  the  combination  of  muscle  fibers  to  form  a 
muscle.  Physiologically,  however,  there  is  no  similarity.  The 
various  fibers  in  a  muscle  act  together  in  a  co-ordinated  way  as  a 
physiological  unit.  On  the  other  hand,  the  hun<lreds  or  thou- 
sands of  nerve  fibers  found  in  a  nerve  may  form  groups  which  are 
entirely  independent  in  their  physiological  activity.  In  the 
vagus  neni^e,  for  instance,  we  have  nerve  fibers  running  side  by 
side,  some  of  which  supply  the  lieart,  some  the  muscles  of  the 
larynx,  some  the  muscles  of  the  stomach  or  intestines,  some  the 
glands  of  the  stomach  or  pancreas,  and  so  on.  Nerves  are, 
therefore,  anatomical  imits  simply,  containing  groups  of  fibers 
which  have  very  different  activities  and  which  may  function 
entirely  independently  of  one  another.  As  a  nerve-trunk  is  con- 
stituted it  consists  chiefly  of  the  connective  tissue  binding  the 
fibers  together.  It  is  estimate<l  (Ellison)  that  in  the  median  nerve 
the  connective  tissue  forms  63  per  cent,  of  the  whole  trunk,  while 
myelin  sheaths  make  up  28  per  cent.,  and  the  axis  cylinders  only 
9  per  cent. 

Afferent  and  Efiferent  Nerve  Fibers. — The  older  physiologists 
believed  that  one  and  the  same  nerve  or  nerve  filler  might  conduct 
sensory  impulses  toward  the  central  nervous  system  or  motor  im- 
pulses from  the  central  nervous  system  to  the  periphery.  Hell  and 
Magendie  succeeded  in  establishing  the  great  truth  that  a  ner\'e 
fiber  cannot  be  both  motor  and  .sensor}-.  Since  their  time  it  has 
been  recognized  that  we  must  divide  the  nerve  fdicrs  connected 
with  the  central  nervous  system  into  two  great  groups:  the  efferent 
fibere^  which  carrj-  impulses  outwardly  from  the  nervous  system 


Digitized  by 


Google 


THE    PHENOMKKON   OF   COXDUCTION. 


81 


to  the  peripheral  tissues,  and  the  afferent  fibers,  which  carry  their 
impulses  inwardly, — that  is,  from  the  peripheral  tissues  to  the 
nerve  centers.  Under  normal  conditions  the  affrrent  fihcrs  are 
stimulated  only  at  their  endings  in  the  peripheral  tissues,  in  the 
skin,  the  mucous  membranes,  the  sense  organs,  etc.,  while  the 
efferent  fibers  are  stimulated  only  at  their  central  origin, — that 
is,  through  the  nerve  cells  from  which  they  spring.  The  difference 
in  the  direction  of  conduction  dej^ends,  therefore,  on  the  anatomical 
fact  that  the  efferent  fibers  have  a  stimulating  nieclianism  at  their 
central  ends  only,  while  the  afferent  fibers  are  adaptetl  only  for 
stimulation  at  their  peripheral  ends. 

Classification  of  Nerve  Fibers. — In  addition  to  this  funda- 
mental separation  we  may  subdivide  peripheral  nerve  fibers  into 
smaller  groups,  making  use  of  either  anatomical  or  physiological 
differences  upon  which  to  base  a  classification.  For  the  purpose 
here  in  view  a  clas.sification  that  is  physiolugical  as  far  as  possible 
seems  preferable.  In  the  first  place,  experimental  physiolog}'  has 
shown  that  the  effect  of  the  impulse  convej'cd  by  nerve  fibers  may 
be  either  exciting  or  inhibiting.  That  Is,  the  tissue  or  the  cell 
to  which  the  impulse  Ls  carried  may  be  thereby'  stimulated  to  ac- 
tivity, in  which  case  the  effect  is  excitatory,  or,  on  the  contrar}', 
it  may,  if  already  in  activity,  be  reduced  to  a  condition  of  rest  or 
lesisened  activity;  the  effect  in  this  case  is  inhibitory.  Many 
physiologists  believe  that  one  and  the  same  nerve  fiber  may  carrj' 
pxcitat<ir>'  or  inhibitory  impulse.=i,  but  in  .'some  cases  at  least  we 
have  positive  proof  that  these  functions  are  discharged  by  separate 
fibers.  Wo  may  subdivide  both  the  afferent  and  the  efferent  sys- 
iems  into  excitatory  and  inhibitory  fibers.     Each  of  these  .sul>- 

ipe  again  falls  into  smaller  divisions  according  to  the  kind  of 
ity  it  excites  or  inhibits.     In  the  efferent  system,  for  instance, 

excitatory  fibers  may  cause  contraction  or  motion  if  they  ter- 
t€  in  muscular  tissue,  or  secretion  if  they  terminate  in  glandu- 
lar tissue.  For  convenience  of  description  each  of  the  groups  in 
turn  may  be  further  cla.ssified  according  to  the  kind  of  muscle  in 
which  it  ends  or  the  kind  of  glandular  tissue.  In  the  motor  group 
wc  speak  of  vasomotor  fibers  in  reference  to  those  that  end  in  the 
muscle  of  the  walla  of  the  blood-vessels;  visceromotor  fibers, 
ending  in  the  muscular  tissue  of  the  abdominal  and  thoracic 

ira;  pilomotor  fil)crs,  tho.se  ending  in  the  muscles  attached  to 
the  hair  follicles.  The  classification  that  Ls  suggested  in  tabular 
form  below  depends,  therefore,  on  three  principles:  first,  the  direc- 
Lion  in  which  the  impulse  travels  normally;  second,  whether  this 
impulse  excites  or  inhibits;  third,  the  kind  of  action  excited  or 
inhibited,  which  in  turn  depends  upon  the  kind  of  tissue  in  which 
the  fibers  eml. 
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IiibibJtnrf  eflects  upuu  Lite  couseluuisvugatloiu  are 
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The  relli;x  (ibera  that  cause  oncODScious  reflcxei 
ar«  knuwn  tobeluhibltiHl  la  some  cases  at  l^a-iL. 


That  the  final  action  of  a  peripheral  nen-^e  fiber  is  determined 
by  the  tissue  in  which  it  ends  rather  than  by  the  nature  of  the 
nerve  fiber  itself  or  the  nature  of  the  impulse  that  it  carries  is  indi- 
cated strongly  by  the  regeneration  expjeriments  made  by  Langle_y.* 
For  instance,  the  chorda  tympani  ner\-o  contains  fillers  which  cause 
a  dilatation  in  the  blood-vessels  of  the  submaxillar^'  gland,  while 
the  cervical  sympathetic  contains  fibers  which  cause  a  constriction 
of  the  vessels  in  the  same  gland.  If  the  linpial  nerve  (containing 
the  chorda  tympani  fibers)  is  divided  ami  t  lie  centrnl  end  is  sutured 
to  the  peripheral  end  of  the  severed  eer\'ical  sympathetic,  the 
chorda  fibers  will  grow  along  the  paths  of  the  old  constrictor  fibers 
of  the  sympathetic.  If  time  is  gi\'en  for  regeneration  to  take  place, 
stimulation  of  the  chorda  now  cause-s  a  conistriction  in  the  vessels. 
The  experiment  can  also  be  reversed.  That  is,  by  suturing 
the  central  end  of  the  cervical  sympathetic  to  the  peripheral  end 
of  the  divided  hngual  the  fibers  of  the  ftimier  grow  along  the  paths 
of  the  old  dilator  filjcrs,  and  after  regeneration  has  taken  place 
stimulation  of  the  sym]jathetic  causes  dilatation  of  the  blood- 
vessels La  the  gland.  These  results  are  particuhirly  instnictive,  as 
vasoconstriction  Ls  an  example  of  the  excitatorj'  effect  of  the  nerve 
impulse,  being  the  result  of  a  contraction  of  the  circular  muscles 
in  the  vessels,  while  vasodilatation  is  an  example  of  inhibitor)* 
action,  being  due  to  an  inhibition  of  the  contraction  of  the  same 
muscles.  Yet  obviously  these  two  opposite  effects  are  determined 
not  by  the  nature  of  the  nerve  fibers,  but  by  their  place  or  mode 
of  ending  in  the  gland. 

Separation  of  the  Afferent  and  Efferent  Fibers  in  the  Roots 
of  the  Spinal  Nerves. — According  to  the  Bell-Magendie  discover)', 

*  LanjE:try.  "Juiirnal  nf  Physialogy,"  23,240,  1898;  ibid.,  30,  439,  1904; 
"  Proceetliugs  Royal  .Society,"  73,  1^04. 
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motor  fibers  to  the  voluntary  muscles  einerge  from  the  spinal 
rd  in  the  anterior  roots,  while  the  fibers  that  give  rise  to  sensa- 
ions  enter  the  cord  through  the  jx>steri«r  roots.  These  facts  have 
n  demonstrated  beyond  all  doubt.  Magendie  discovered  an 
apparent  exception  in  the  phenomenon  of  recurrent  sensibility. 
^iNlien  the  anterior  root  is  severed  and  its  peripheral  end  is  stimu- 
lattnl  only  motor  effects  should  be  obtained.  Magendie  observed, 
however,  upon  dogs  that  in  certain  cases  the  animals  showed  signs 
of  pain.  This  apparent  exception  to  the  general  nde  was  after- 
ard  explained  satisfactorily.  It  was  .showTi  that  the  fibers  in 
[uestion  do  not  really  belong  to  the  anterior  root, — that  is,  they  do 
(t  emerge  from  the  cord  with  the  root  fibers;  they  are,  in  fact, 
fibers  for  the  meningeal  membranes  of  the  cord  which 
ife  on  their  \\'ay  to  the  posterior  roots  and  which  enter  the  cord 
nith  the  fibers  of  the  latter.  Since  the  work  of  Bell  and  Magendie 
it  has  been  a  question  whether  their  law  applies  to  all  afferent  and 
efferent  fibers  and  not  simply  to  the  motor  and  sensory  fibers  proper. 
The  experimental  evidence  upon  this  point,  as  far  as  the  mammals 
are  concerned,  has  accumulated  slowly.  Various  authors  have  shown 
that  stimulation  of  the  anterior  roots  of  certain  spinal  ner%'es  may 
use  a  constriction  of  the  blood-vessels,  an  erection  of  the  hairs 
'stimulation  of  the  pilomotor  fibers),  a  secretion  of  sweat,  and  so 
while  stimulation  of  the  posterior  roots  in  the  same  regions  is 
thout  effect  upon  these  peripheral  tissues.  One  apparent  excep- 
ion,  however,  has  l)een  noted.  A  number  of  oliservers  have  found 
that  stimulation  of  the  peripheral  end  of  the  divided  posterioi 
roots  (fifth  lumbar  to  first  sacral)  causes  a  vascular  dilatation  in 
the  hind  limb.  The  matter  has  been  particularly  investigated  by 
Bayliss.*  who  gives  undoubteil  proof  of  the  general  fact.  At  the 
time  he  shows  that  the  filwrs  in  question  are  not  efferent 
ibers  from  the  cord  passing  out  by  the  posterior  instead  of  the  an- 
r  roots.  This  is  shown  by  the  fact  that  they  do  not  degenerate 
len  the  root  is  cut  between  the  ganglion  and  the  cord,  as  they 
should  do  if  they  originated  from  cells  in  the  cord.  Bayliss's  own 
.explanation  of  this  curious  fact  is  that  the  fibers  in  question  are 
irdinar>'  afferent  fibers,  but  that  they  are  capable  of  a  double  ae- 
on: they  can  convey  sen.sory  impidses  from  the  blood-vessels  to 
conl  according  to  the  usual  type  of  sensory  fibers,  but  they 
n  also  convey  efferent  impulses,  antidromic  impulses  as  he  desig- 
■tes  them,  to  the  muscles  of  the  btoofl-vc^els.  In  other  words, 
r  tliis  special  set  of  fibers  he  attempts  to  re-establish  the  view 
Id  by  physiologists  before  the  time  of  Bell, — namely,  that  one 
d  the  same  fiber  transmits  normally  both  afferent  and  efferent 
impulses.  An  exception  .so  peculiar  a.s  this  to  an  othcn\ise  general 
\e  cannot  be  accepte<i  without  hesitation.  It  is  possible  that 
•  BaylisB,  "Journal  of  Physiology."  26,  173,  1901,  and  28,  27G,  1902. 
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future  work  may  give  an  explanation  less  opynjsed  to  current  views 
than  that  offered  by  Bayliss. 

Cells  of  Origin  of  the  Anterior  and  Posterior  Root  Fibers. — 

The  efferent  fibers  of  tlie  anterior  root  arise  as  axons  or  axLs  cylinder 
processes  from  nerve  cells  in  the  gray  matter  of  the  cord  at  or  near 
the  exit  of  the  nx)t.  The  motor  fibers  to  the  voluntary  muscles 
arise  from  the  large  cells  of  the  anterior  hom  of  gray  matter;  the 
fibers  to  the  plain  muscle  and  glands,  autonomic  fibers  according 
to  Langley's  nomenclature,  take  their  origin  from  spindle-shaped 
neri'c  cells  lying  in  the  so-calleil  lateral  hom  of  the  gray  matter,* 
According  to  the  accepted  belief  regarding  the  nutrition  of  nerve 
fibers,  any  section  or  lesion  involving  these  portions  of  the  gray  nnat- 
ter  or  the  anterior  root  will  be  followed  by  a  complete  degeneration 
of  the  efferent  fibers.  In  the  case  of  the  fibers  to  the  voluntary 
muscles  this  degeneration  will  extend  to  tlie  muscles  and  include 
the  end-plates.  In  the  case  of  tlie  autonomic  fibers  the  degenera- 
tion will  extend  to  the  peripheral  ganglia  in  which  they  teiTninate, 
involving,  therefore,  the  whole  extent  of  what  is  called  the  pre- 
ganglionic fiber  (see  the  chapter  on  the  autonomic  nerves  and  the 
sympathetic  system).  The  posterior  root  fibers  have  their  origin 
in  the  nerve  cells  contained  in  the  posterior  root  ganglia.  These 
cells  are  xmipolar,  the  single  process  given  off  being  an  axis  cylinder 
process  or  axon.  It  divides  into  two  branches,  one  passing  into 
the  cord  by  way  of  the  posterior  root,  the  other  toward  the  periph- 
eral tissues  in  the  corresponding  spinal  nerve  in  which  they  form  the 
peripheral  sensory  ner%'c  fibers.  It  follows  that  a  section  or  lesion 
of  the  jwisterior  ro4>t  will  result  in  a  degeiioration  of  the  branch 
entering  the  cord,  this  branch  having  been  cut  off  from  its  nutri- 
ti%'e  relatioasuip  with  its  cells  of  origin.  The  degeneration  will  in- 
volve the  entire  length  of  the  branch  and  its  collaterals  to  their 
terminations  among  the  dendrites  of  other  spinal  or  bulbar  neurons 
(.see  the  chapter  on  the  spinal  cord).  After  a  lesion  of  this  .sort 
the  stump  of  the  po.sterior  root  that  remains  in  connection  with 
the  fwaterior  root  gaiisliou  maintains  its  normal  structure.  On  the 
other  hand,  a  sectioii  or  lesion  involving  the  spinal  nerve  will  be 
followed  by  a  degeneration  of  all  the  fibers,  efferent  and  afferent, 
lying  to  the  peripheral  side  of  the  lesion,  ,since  these  fibers  are  cut 
off  from  connection  with  their  cells  of  origin,  while  the  fibers  in  the 
central  stump  of  the  divided  nerve  will  retain  their  normal  structure. 
AfiFerent  and  Eflferent  Fibers  in  the  Cranial  Nerves. — The 
first  and  second  cranial  nerves,  the  olfactorj-  and  the  optic,  contain 
only  afferent  fibers,  which  arise  in  the  former  nerve  from  the  olfac- 
tory epithelium  in  the  nasal  cavity,  in  the  latter  from  the  nerve 
cells  in  the  retina.  The  third,  fourth,  antl  sixth  nerves  contain 
only  efferent  fibers  which  arise  from  the  nerve  cells  constituting 
•  HcrrinR,  "  Journal  of  Phy.-^ioloKy,"  29,  282,  1903. 
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their  nuclei  of  origin  in  the  nii<l})riiiii  ami  f>ons.  The  fifth  nerve 
resembles  the  spinal  nerves  in  that  it  has  two  rm>t«,  one  containing 
afferent  and  the  other  efferent  fibers.  The  efferent  fibers,  consti- 
tuting the  snmll  root,  arise  from  nerve  eells  in  the  pons  and  mid- 
brain, the  afferent  fibers  arise  from  the  ncnc  cells  in  the  CJasserian 
ganglion.  This  ganglion,  being  a  sensory  ganglion,  is  constituted 
like  the  posterior  root  ganglia.  Its  nerve  cells  give  off  a  single 
process  which  divides  in  T,  one  branch  passing  into  the  brain  by  way 
of  the  large  root,  while  the  other  passes  to  the  peripheral  tissues  as  a 
sensory  fiber  of  the  fifth  nerve.  The  seventh  nerve  may  also  be 
homologize<l  with  a  spinal  nerve.  The  facial  nerve  proper  con.sist« 
of  onlv  efferent  fibers,  which  arise  from  ner\'c  cells  constituting 
its  nucleus  of  origin  in  the  pons.  The  geniculate  ganglion,  attached 
to  this  nerve  shortly  after  its  emergence,  i.s  similar  in  stnicture  to 
the  flasscrian  or  a  posterior  root  ganglion.  Its  nerve  eells  send  off 
processes  which  divide  in  T  and  constitute  afferent  fibers  in  the 
60-calied  nervus  inlermediu.>  "r  nerve  nf  Wrisltcrg.  The  eighth 
nerve  consists  only  of  afferent  fibers  Mhich  arise  from  the  ner\'e 
cells  in  the  spiral  ganglion  of  the  coc-hlea,  cochlear  branch,  and  from 
thoee  constituting  the  vestibular  or  Scarpa's  ganglion,  the  vestibu- 
lar branch.  Both  of  these  ganglia  are  sensory,  resembling  the 
posterior  root  ganglia  in  structure.  The  ninth  nerve  is  also  mixed, 
the  efferent  fibers  arising  from  the  motor  nucleus  in  the  medulla, 
**hUe  the  sensory  fillers  arise  in  the  superior  and  petrosal  ganglia 
found  on  the  nerve  at  its  emergence  from  the  skull.  The  tenth  is  a 
mixed  nerve,  its  efferent  fibers  arising  in  motor  nuclei  in  the  me- 
dulla, the  afferent  filx-rs  in  the  ner\-e  cells  of  the  ganglia  lying  upon 
the  tnmk  of  the  nerve  at  its  exit  from  the  skull  (ganglion  jugulare 
and  nwlosum).  The  eleventh  and  twelfth  cranial  nerves  contain 
only  efferent  fibers  that  arise  from  motor  nuclei  in  the  medulla. 

It  will  be  seen  from  these  brief  statements  that  in  all  the  nerve 
trunks  of  the  central  nerAOus  system — that  is,  the  spinal  and  the 
cranial  nerves — the  cells  of  origin  of  th(>  efferent  fibers  lie  within 
the  gray  matter  of  the  brain  or  cord,  while  the  cells  of  origin  of  the 
afferent  fibers  lie  in  sensory  ganglia  outside  the  central  nervous 
system, — namely,  in  the  posterior  root  ganglia  for  the  spinai 
ner\-es,  in  the  ganglion  semilunare  ((la.sseri),  the  g.  geniculi,  the 
g,  spirale,  the  g.  ve.st.ibulare,  the  g.  superius  and  g.  petrosum  of  the 
glos80phar}-ngeal,  and  the  g.  jugulare  and  g.  nodosum  of  the  vagus. 
These  various  sensor}^  ganglia  attached  to  the  cranial  nerves  corre- 
8{X)nd  essentially  in  their  structure  and  physiology  with  the  posterior 
root  ganglia  of  the  pfunal  nerves. 

Independent  Irritability  of  Nerve  Fibers. — Although  the 
nerve  fibers  under  normal  conditions  are  stimulated  only  at  their 
emlK,  the  efferent  fibers  at  the  central  end,  the  afferent  at  the 
pcriphcml  end,  yet  any  nerve  fiber  may  be  stiuudaLed  by  artificial 
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means  at  any  point  in  its  course.  Artificial  stimuli  capal>le  of 
affecting  the  nerve  fiber — that  is,  capable  of  generating  in  it  a  nerve 
impulse  wliich  then  propagates  itself  along  the  fiber — may  be  di\ided 
into  the  following  groups: 

1.  Chemical  stimuli.  \'arious  chemical  reagents,  when  applied 
directly  to  a  ner\'e  trunic,  excite  the  nen'e  fibers.  Such  reagents 
are  concentrated  sohifions  of  the  neutral  salts  of  the  allcalies,  acids, 
alkalies,  glycerin,  etc.  This  method  of  stimulation  Is  not,  however, 
of  much  practical  value  in  experimental  work,  since  it  is  difficult  or 
impossible  to  control  the  reaction. 

2.  Mechaniml  stimuli.  A  blow  or  pressure  or  a  ineclianical  in- 
jury' of  any  kind  applied  to  a  nerve  trunk  also  excites  the  fibers. 
This  method  of  stimulating  the  fibers  is  also  difficult  to  control 
and  has  had,  therefore,  a  limited  application  in  experimental  work. 
The  mechanical  stimulus  Is  essentially  a  pressure  stimulus,  and  the 
difficulty  lies  in  controlling  this  pressure  so  that  it  shaU  not  actually 
destroy  the  nen^e  fiber  b}'  rupturing  the  delicat-e  axis  cylinder. 
Various  instruments  have  been  devised  by  means  of  which  light 
blows  may  be  given  to  the  nerve,  sufficient  to  arouse  an  impulse, 
but  insufficient  to  permanently  injure  the  fillers.  The  results  ob- 
tained by  this  method  have  been  very  valuable  in  physiology  a.s  con- 
trols for  the  experiments  made  bj'  the  usual  method  of  electrical 
Btimulation.  It  may  be  mentioned  also  that  under  certain  condi- 
tions— for  instance,  at  one  stage  in  the  regoner;*tion  of  injured 
nerve  fibers  mechanical  stimuli  may  be  more  effective  than 
electrical,  that  is,  may  stimulate  the  nerve  fiber  when  electrical 
stimuli  totally  fail  to  do  so. 

3.  Thermal  stimidi.  A  sudden  change  in  temperature  may 
stimulate  the  nerve  fibers.  This  method  of  stimulation  is  very 
ineffective  for  motor  fibers,  only  verj'  extreme  and  sudden  changes, 
Buch  as  may  be  obtained  by  applying  a  heated  wire  directly  to 
the  nerve  trunk,  are  capable  of  so  stimulating  them  as  to  produce 
a  muscular  contraction.  On  the  other  hand,  the  sensory  nerve 
fibers  are  quite  sensitive  to  changes  of  temperature.  If  a  nen'e 
trunk  in  a  man  or  animal  is  suddenU'  cooletl.  or  esi^cially  if  it  is 
suddenly  heated  to  &i°  to  70°  C,  violent  pain  results  from  the 
stimulation  of  the  senson,'^  fillers  in  the  trunic,  while  the  motor 
fibers  are  apparently  not  acted  upon.  We  have  in  this  fact  one 
of  eeveral  differences  in  reaction  between  motor  and  sensory  fibers 
which  have  been  noted  from  time  to  time,  and  which  seem  to 
indicate  that  there  is  some  important  difference  in  stiiucture  or 
composition  between  them. 

4.  Elcdrical  sllmuIL  Some  form  of  the  electrical  current  is  be- 
yond question  the  mo.st  effective  and  convenient  means  of  stimulat- 
ing nerve  fibers.  We  may  employ  either  the  galvanic  current — that 
is,  the  current  taken  directly  from  a  batterj' — or  the  induced  current 
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from  the  secondary  coil  of  an  induction  apparatus  or  the  so-called 
static  electricity  from  a  Leyden  jar  or  other  source.  In  most  experi- 
mental work  the  induced  current  is  used.  The  terminal  wires  from 
the  seeondary  coil  are  connected  usually  with  platinum  wires  im- 
bedded in  hard  rublKT,  forming  what  is  known  as  a  stimulating  elec- 
trode.   (See  Fig.  30.)    By  this  means  the  nlatiiiiini  rnds  which  now 


s 


: 


Fl(.  30. — StiniulatiiiK  (catheter)  eleotro'lea  fornervea:  b.  Binding  pcmla  for  altaehmflot 
«f  inras  Cram  tbm  aeoondAry  ooil;  a.  insulating  ■heath  of  bard  rubber;  p,  platinum  points 
kiid  opoa  tba  oarve. 

form  the  electrodes,  anode  and  cathode,  can  be  placed  close  together 
upon  the  nerve  trunk,  and  the  induced  current  pas.sing  from  one  to 
the  other  through  a  short  stretch  of  the  nen'e  sets  up  at  that  point 
nerve  impulses  which  then  propagate  themselves  along  the  nerve 
fibers.  The  mductton  current  is  convenient  because  of  its  intensity, 
which  overcomes  the  great  resistance  offered  by  the  moist  tissue;  be- 
cause of  its  very  brief  duration,  in  consequence  of  which  it  acts  as  a 
sharp,  quick,  single  stimulus  or  shock,  and  because  of  the  great  eaae 
with  which  it  may  be  varied  aa  to  rate  and  as  to  intensity.  On 
account  of  the  very  brief  duration  of  the  induced  current  it  is  dif- 
ficult to  distinguish  bctwc^en  the  effects  of  its  opening  and  closing. 

The  Stimulation  of  the  Nerve  by  the  Galvanic  Current,^ — When 
however,  we  employ  the  galvanic 
current,  taken  directly  from  a  bat- 
tery*, as  a  stimulus,  we  can,  of 
course,  allow  the  current  to  pass 
through  the  nerv'^e  as  long  as  we 
please  and  can  thus  study  the  effect 
of  the  closing  of  the  current  as 
distinguished  from  that  of  the  open- 
ing, or  the  effect  of  duration  or 
tiirection  of  the  current,  etc. 

Du  Bois-Rcymond's  Law  of  Stivt- 
vlati'on.— When  a  galvanic  current 
is  ktl  into  a  motor  nerve  it  L<j 
fotmd,  as  a  rule,  that  with  all 
moderate  strengths  of  currents  there 
is  a  stimulus  to  the  nerve  at  the 
moment  it  is  closed,  the  making  or 
closing  stimulus,  and  another  when 
the  current  is  broken,  the  breaking 
or  opening  stimulus,  while  during 
the  passage  of  the  current  through  the  nerve  no  stimulation  takes 


Hit.  .11. — Schema  of  the  arranm- 
ment  of  apparatus  for  stirnulattnc  tne 
oen'e  by  a  Kalvanic  current:  b,  Tha 
battery;  A',  the  key  for  ot>cniiiK  and 
dosing  the  circuit  re,  the  cntnmutator 
for  reversing  the  direction  of  the  cur- 
rent; +  the  anole  or  pomtive  pole; 
—  the  cathode  or  nesativo  pol». 
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plarc:  thr  muscle  reiimins  rclaxod.  Wo  may  express  this  fact 
by  sayiug  that  the  motor  nerve  fibers  are  stimulated  by  the  mak- 
ing and  the  l>reaking  uf  the  current  ur  by  any  sudden  change 
in  its  intensity,  b\it  remain  vmstimulated  during  the  passage  of  cur- 
rents whose  intensity  does  not  var>'. 

The  Anmhil  and  Cnthodnl  StimuU. — -It  has  been  shown  quite  con- 
cliLsively  that  the  nerve  impulse  started  by  the  making  of  the  current 
arises  at  the  cathode,  while  that  at  the  breaking  of  the  current 
begins  at  the  anode,  or,  in  other  words,  the  making  shock  or 
stimulus  is  cathodal,  while  the  breaking  stimulus  is  anodal.  This 
fact  is  true  for  muscle  as  well  as  nerve,  and  possibly  for  all  irritable 
tissues  capable  of  stinndation  by  the  galvanic  current.  This 
important  gerieralizatinn  may  be  demonstrated  for  motor  ncr\'es 
by  separating  the  anode  and  cathode  as  far  as  possible  and  re- 
cording the  latent  period  for  the  contractions  caused  respect- 
ively by  the  making  and  the  breaking  of  the  current  in  the  neirve. 
If  the  cathode  is  nearer  to  the  muscle  the  latent  period  of  the  mak- 
ing contraction  of  the  muscle  will  be  shorter  than  that  of  the  break- 
ing contraction  by  a  time  equal  to  that  necessary'  for  a  nerve  impulse 
to  travel  the  distance  between  anode  and  cathode.  If  the  position 
of  the  electrodes  is  reversed  the  latent  ]oeriod  of  the  making  con- 
traction will  be  correspondingly  longer  than  that  of  the  breaking 
contraction.  It  is  very  evident  from  these  facts  that  wlien  a 
current  is  passed  into  a  nerv'e  or  muscle  the  changes  at  the  two 
poles  are  different,  as  shoAvn  by  the  differences  in  reactions  and 
properties  of  the  nerve  at  these  points-  Bethe  has  shown  that  a 
diflferenre  may  be  <.lemoiist rated  even  !)v  histologiea!  means,  .\fter 
the  passage  of  a  current  through  a  nerve  for  some  time  the  axi.s 
cylinders  .stain  more  deeply  than  normal  at  the  cathode  with  cer- 
tain dyes  (tti'lutdin  blue),  while  at  the  anode  they  .stain  less  deeply. 

Ehdrntmitis. — The  altere<i  physiological  fondition  of  the  nerve 
at  the  poles  dming  tlie  passage  of  the  galvanic  current  is  designated 
as  elect rotonus,  the  cnnilition  round  the  anode  Ix'ing  known  as 
anelectrotonus,  that  round  the  cathode  as  catelectrotonus.  Elec- 
trotonus  expresses  itself  as  a  change  in  the  electrjcai  ronriitinn  of 
the  nerve  which  gives  rise  to  currents  known  as  the  elect rotunic 
currentsS, — a  brief  description  of  these  currents  will  Ix^  given  in 
the  next  chapter, — and  also  by  a  change  in  irritaljilit)'  and  con- 
ductivity. The  latter  changes  were  first  ctirefully  investigated 
by  Pfluger,  who  showed  that  when  the  galvtuiic  cun-ent,  or,  as  it  is 
usually  called  in  this  connection,  the  (Kilarizing  current,  is  not  too 
stn>ng  there  is  an  increase  in  irritability  ami  conthictivity  in  the 
ne.ighliorho<)d  of  the  ciiihodc,  tlie  so-called  catelectrotonic  increase 
of  irritability,  while  in  the  region  of  the  anode  there  is  an  anelec- 
trotonic  detu-ease  in  irritability  uml  con<luctivity.  The.se  opposite 
variations  in  the  state  of  the  nerve  are  represented  in  the  accom- 
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pHiyiog dingrani.  Betwoen  the  two  polps — that  is,  in  tho  intrapolar 
^ipon— there  is.  of  course,  an  inilifferent  ptiint.  on  one  side  of  wliich 
Ihe  irritabihty  of  the  nerve  is  above  normat  and  on  tiie  other  side 
hekw  normal.  The  position  of  this  indifferent  point  ehifts  toward 
ihf  cathode  as  the  strenpth  of  the  polarizing  current  is  increased, 
(n  oth«r  words,  as  the  current  increases  the  anclectrotomis  spreiuls 
nore  rapidly  ami  l^ecomes  more  intense,  and  tlie  con<kictivity  in 
lU(  rogioQ  soon  l>econies  so  depressed  as  to  l>lock  entirely  the 
p■a^eof  a  nerve  impulse  throujih  it.  The  changes  on  the  cathodal 
«fc  are  not  so  constant  nor  so  diatinet.  It  has  been  shown.* 
in  fart,  that  if  the  p<»Iarizing  current  is  continut'd  for  some  time, 
Iht'  beightened  irritability  at  the  r-athode  .soon  diminishes  and 
snlu  lielow  normal,  so  that  in  fact  at  the  catlioeh'  jus  well  as  at 
the  anode  the  irritability  may  be  lost  entirely.  If  the  polarizing 
nirrmt  is  ver^*  strong  this  depre.ssed  irritability  at  the  cathode 
^^mMp^  on  practically  at  once.  Moreover,  when  a  strong  rnrrent 
^^^■t  has  been  passing  through  a  nerve  is  broken  the  condition  of 
W  depnased  irritability  at  the  cathode  persLsta  for  some  time  after 
I        Ihe  openinie  of  the  current. 

I  Pjiiufer's  Law  of  Stimulntion. — It  was  said  above  that  when 

I        » pivanic  current  is  passed  into  a  ner\e  there  is  a  stimulus  (catho- 
f        dal)8tthe  making  of  the  current  and  another  stimulus  (anodal) 


Fic.  32.— Ebetrotonic  allemtions  of  irritAbillly  caused  by  weak,  medium,  and  stroDC 

"ty  Ciuiieuta:  A  and  H  iixlicatA  (he  poitita  uf  Application  of  the  eleclfiximt  to  the  nerve,  A 

;  tiM  anode.  B  the  calhrMle.      The  horiiontal  line  repreHents  the  nerve  at  normal  irri- 

StKe  curve<l  line^t  ilhi*tra(«  how  Ihe  Irritability  ia  aitereil  at  difTerecit  [lartM  nf  the 
th  eurrvnls  of  ilifferent  streDKthA.  Curve  j/'  shows  the  effect  of  a  weak  current,  the 
IV  the  lin*  indicating  decream^i.  and  that  above  the  line  incr«a!>c<l  irritability;  at  jr> 
ifetMP'WVCnMMatbe  line,  this  beiuK  the  indifferent  point  ut  which  tlie  cntplpctrnionic  effeeta 
—  Wlliiwiiwlwl  for  by  aneleclrotonio  effects;  u'  gives  the  efTecl  of  n  ittroiiKfT  rurt«nt,  and 
1^.  af  •  atSi  akraocer  current.  \a  the  atreiiKth  of  the  current  la  increased  the  pfTeot  becocnea 
'  aad  •sleiula  farther  into  the  extrapolar  icgiona.  In  the  intrapolar  rv^ion  the  in- 
•t  point  ia  wen  to  advance,  with  inorwieing  Btreogths  of  current,  Iroiu  the  anode 
1  tte  aOhoii:— {Lombard.) 


t^ 


the  bfvakine  of  the  current.     This  statement  is  true,  however, 

y  for  a  certain  range  of  currents.     Of  the  two  stimuli,  the  making 

or  cathodal   stimulus  is  the  stronger,  and  it  follows,  therefore, 

•  Wefko.  "PflitRer's  Archiv."  84.  547.  1901.     See  Biedermann,  "  Elec- 
Inpbyiuilonr,"  tmuslated  tjy  Welby,  vol.  ii,  ji.  HO. 
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that  when  the  strength  of  the  current  is  diminished  there  wifl  come 
a  certain  point  at  which  the  anmial  stimuhis  will  drop  out.  With 
weak  currents  there  is  then  a  stimulus  only  at  the  make.  On  the 
other  hand,  when  very  strong  currents  are  used  the  stimuli  that  act 
at  the  two  poles  set  up  nen'e  impulses  whose  passage  to  the  muscle 
may  be  blocked  by  the  depressed  conductivity  caused  by  the  electro- 
tonic  changes.  Whether  or  not  the  stimulus  will  be  effective  in 
causing  a  contraction  in  the  attached  muscle  will  depend  naturally 
on  the  relative  positions  of  the  electrodes,— that  is,  on  the  direction 
of  the  current  in  the  nerve.  In  describing  the  effect  of  these  strong 
currents  we  must  distinguish  between  what  are  railed  ascending 
and  descending  currents.  Ascending  currents  are  those  in  which 
the  direction  of  the  current  in  the  nerve  is  away  from  the  mtiscle, 
a  pwsition  of  the  poles,  therefore,  in  which  the  anode  is  closer  to 
the  muscle.  In  descending  currents  the  positions  are  reversed. 
Pflijger's  law  of  contraction  or  of  stimulation  takes  account  of 
the  effect  of  extreme  variations  in  the  strength  of  the  current 
and  is  usually  expressed  in  tabular  form  as  follows:  The  letter  C 
indicates  that  the  nerve  is  stimulated  and  causes  a  contraction  in 
the  attached  muscle,  and  O  indicates  a  failure  in  the  stimulation 
(weak  currents)  or  a  failure  in  the  nerve  impulse  to  reach  the  muscle 
owing  to  blocking  (strong  currents). 


I 


Fin.  33, — SchamK  to  show  tlie  arniiiK*iiient  uf  apfwratus  for  an  aaoendlng  and  a  ileae«Ddin( 
current:   .4,  ascending:   D,  deficeniling. 


Ajwesdino  Cohrbmt. 
Maki-rn/,     Breaking. 

Very  weak  curreats  .  .  C  U 

MixicrMc         "     ....C  C 

Very  HtroEg    "     O  C 


Dekcendino  CunREMT. 
Making.     Breaking. 

C  O 

c  c 

c  o 


The  effects  obtained  witli  the  strong  currents  are  readily  under- 
stoofl  if  we  boar  in  mind  tiie  facts  stated  above  regarding  electro- 
tonus.  When  the  current  is  ascending  the  Htimuius  on  making 
starts  from  the  cathode,  but  cannot  reach  the  muscle  because  it 
is  blocked  bv  a  region  of  anelectrotonus  in  which  the  conduc- 
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tivity  is  depressed.  The  stimulus  on  l>reaking  fakes  plare  at 
the  anode  and  the  impulse  encounters  no  resistance  in  its  passage 
to  the  muscle.  With  the  dcscendinjs^  current  the  cathode  lies  next 
to  the  muscle  and  the  making  or  cathodal  stimulus  of  course  causes 
a  contraction.  On  bn-aking,  however,  the  impulse  that  is  started 
from  the  anode  is  blocked  by  the  depressed  irritability  in  the 
cathoclul  region,  which,  as  has  been  said,  comes  on  promptly  with 
strong  currents  and  persists  for  a  time  after  the  current  is  broken. 

The  Openiag  and  the  Closing  Tetanus.— VViiile  tlie  du  Bois-Reymond 
law  stated  above  expresses  tlie  fuels  lis  uaually  observed  upon  a  nerve-muBele 
preparation,  there  are  a  number  of  observations  which  indicute  that  the 
excitation  at  the  anode  and  tlic  cathode  during  the  pa.s,Hage  of  a  curreot 
tOAy  give  riae  to  a  serieij  of  Htituuh  iust«ud  of  u  single  t>limulus.  Thus  with 
senaory  nerves  it  is  well  known  tliat  the  stiniulation.  as  judged  by  the 
senaationa  aroused,  coutinue-'i  while  the  currtiiit  m  pasyiag  instead  of  being 
limited  to  the  moment  of  making  or  of  breaking  of  the  current.  In  this 
respect,  as  in  stimulation  by  high  tcmpcraltires,  the  sensory  fibers  differ 
apparently  from  the  motor.  Wiien  a  galvanie  ciu-reut  ia  pasHed  through  the 
ulnar  ner>'c  at  the  elbow  sensations  are  felt  during  the  entire  time  of  passage 
of  the  current.  But  in  an  ordinary  nerve-muscle  preparation  it  is  also  fre- 
quently observed  that  at  the  moment  of  openiikg  the  current  a  tetanic  con- 
traction, persisting  for  some  time,  is  obtained  instead  of  a  single  twitch.  This 
phenomenon  is  known  as  the  opening  tetanus  or  Hitter's  tetanus,  and  Pfluger 
luu  shown  that  the  continuous  excitation  proceed-*  from  the  anode,  since 
in  the  case  of  a  descemling  current  division  of  the  nerve  in  the  iDtrapolar 
region  brings  the  muscle  to  rest.  In  the  same  way  it  frequently  happens 
that  upon  closing  the  current  through  a  nerve  the  muscle,  instead  of  giving  a 
twitch,  goes  into  a  persistent  tetamc  contraction.  The  tetanus  in  tliis  case 
is  designated  as  the  closing  or  POuger's  tetanun.  Both  of  these  phenomena 
are  oiMcrved,  especially,  when  the  irritability  of  the  nerve  is  for  any  reason 
greater  than  normal.  It  should  be  added  that  the  o;x-ning  and  the  closing 
tetanus  may  be  obs(-rve<l  also  in  a  muscle  when  the  galvanic  current  is  pa.ss(!d 
through  it. 

Stimulation  of  the  Nerves  in  Man. — For  therapeutic  as  well 
as  diagnostic  and  experimental  purposes  it  often  becomes  desirable 
to  stimulate  the  nerves,  particularly  the  motor  nerves,  in  man. 
We  may  use  for  this  purpose  either  the  inducetl  (faradic,  alteriiat- 
ing)  current  or  the  «lirect  battery  current  (galvanic  or  continuous 
current).  In  such  cases  the  electrodes  cannot  l>e  applied,  of  course, 
directly  to  the  nerve;  it  become-s  neces.sary  to  stimulate  through 
the  skin,  and  the  .so-called  unipolar  method  is  employed.  The 
unipolar  method  con.si.sts  in  placinjj;  one  electrode,  the  active  or 
stimulating  electrode,  over  the  nerve  at  the  point  which  it  is  desired 
to  stimvdate.  while  the  other  electnxie,  the  inactive  or  indifferent 
electrode.  Is  applied  to  the  skin  at  some  more  or  less  remote  part. 
usually  at  the  back  of  the  neck.  The  indifferent  elect roiic  is  made 
large  enough  to  cover  several  square  centimetei-s  of  the  skin,  and  otie 
may  conceive  the  threads  of  current  as  passing  from  it  into  the 
moist  ti.ssups  of  the  body,  anil  thence  to  the  active  electrode.  As 
the  threa<b'  of  ciurrent  condeuwe  to  this  latter  electrode  they  pass 
through  the  motor  nerve  which  lies  under  it,  and  if  sufficiently  in- 
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tense,  will  stimulate  the  nerve.  The  arraiigenient  is  represented  in 
the  accompanyinii  schema  (Fig.  34),  showing  the  disposition  of  the 
electrode-s  for  stiimilatinK  the  median  nerve.  At  the  inilifferent 
electrode  the  seiLsory  nerves  of  the  skin  are  of  course  stimulated,  l)ut 
no  motor  respoase  is  obtained,  a.s  no  mot«r  nerve  lies  imincdiately 
uiidi-r  the  skin.  Moreover,  the  large  size  of  this  electrode  tends  to 
diffuse  the  current  and  thus  reduce  its  effectiveness  in  stimulating. 
The  active  or  stimulating  electrode  is  small  in  size,  particularly 
when  induction  currents  are  envployed,  so  that  the  current  may  be 
condensed  and  thus  gain  in  elTectivene.s.H.  The  dry  surface  of  the 
skin  tii  a  poor  conductor  of  the  electrical  current,  and  to  reduce  the 
resistance  at  the  points  at  which  the  electrodes  come  in  contact 


T\g.  34. — Bohema  to  ahow  the  unipolar  method  of  Btimiilatjoi]  in  man,  Tlie  anrKle, 
■+,  la  repreRentinl  »s  the  Htiitmlating  f6i«,  at>pl>«J  over  the  ni«diaa  oerve.  The  cathode, 
^,  i£  the  indiffei-cBt  ;ki1o. 

with  the  skin  each  is  covered  with  cotton  or  chamois  skin  kept 
moisteneil  with  a  dilute  saline  solution. 

Motor  Points. — By  means  of  the  unipolar  method  nearly  every 
voluntary'  muscle  of  the  boity  may  be  stimulated  separately.  Ail 
that  is  necessary,  when  the  induced  current  is  used,  is  to  bring  the 
active  electrotle  a^  nearly  as  possible  over  the  sjXJt  at  which  the 
muscle  receives  its  motor  branch.  A  diagram  showing  these  motor 
points  for  the  arm  is  given  in  Fig.   35.     In  the  same  way  the 
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nerves  of  the  brachial  plexus  and  other  nerve  trunks  may  be 
stimulated  very  readily  through  the  skin.  When  the  induction 
current  is  used  no  distinction  is  made  between  the  cathodic  and 
anodic  effects.    When,  however,  the  battery  current  b  employed 


M.  IM.  Mu*.  aik- 
Vm.  (4l(liru  M  lUl 


M.  tn.  dlfU.  mlt. 
(41(11.  intldi  « 
■lauail 


U.  Mlaarl*  bffv* 
M.  •Muetor  dlfUi 
aia. 
M  flrMT  tflftl.  miai 


H  iMarrof  ppllk.  kr*n 

It.  an.  ri»-  ^''• 

V.  tiUuuf  polUc  Mat. 


Fig.  35. — Motor  points  in  upper  extremity. 

one  may  make  the  stimulating  electrode  either  anode  or  cathode, 
and  under  these  circumstances  a  marked  difference  is  observed 
in  the  strength  of  the  current  that  it  is  necessary  to  use  to 
get  a  response.  With  the  battery  of  galvanic  current,  in  fact, 
one  may  distinguish  four  stimuli,  the  closing  and  the  open- 
ing shock  when  the  stimulating  electrode  is  cathode  and  the 
closing  and  the  opening  shock  when  it  is  anode.  The  con- 
tractions resulting  from  these  four  stimuli  are  designated  usually 
as  follows:  The  cathodol  closing  contraction,  C  C  C;  the  cathodal 
opening  contraction,  C  O  C;  the  anodal  closing  contraction, 
A  C  C;  and  the  anodal  opening  contraction,  A  O  C.  If  the  minimal 
amount  of  current  necessary  to  give  each  of  these  contractions 
is  measured  in  milliampdres  by  means  of  a  suitable  ammeter. 


Digitized  by 


Google 


94 


THE    PHYSIOLOGY    OF    MUSCLE   AND    NERVE. 


it  will  be  found  timt  the  four  stimuli  are  of  difTerent  efficiencies. 
The  usual  relationship  is  expressed  by  the  sequence  C  C  C  > 
A  C  C  >  A  0  C  >(^  O  C,  although  this  sequeiit-e  is  subject  to  some 
individual  variation.  Certain  pathological  or  traumatic  lesions 
that  cause  the  degeneration  of  the  nerves  may  V»e  revealed 
by  the  use  of  tlie.se  methods  of  stimulation.  The  nerve  trunk 
under  such  circumstances  fails  to  respond  to  either  form  of 
stimulus,  induced  or  galvanic.  The  muscle,  on  the  other  hand, 
while  it  fails  to  respond  to  induction  shr>cks,  is  stimulated  by  the 
galvanic  current  and,  indeed,  may  shtuv  an  increased  irritability 
toward  this  form  of  stimulus,  although  the  contractions  are 
more  sluggish  in  character  than  in  a  muscle  with  a  normal  nerve 
supply.  Certain  qualitative  changes  in  tlie  reaction  of  the 
muscle  to  the  galvanic  current  may  also  he  noticed,  for  instance, 
the  A  C  C  is  sometimes  obtained  with  less  current  than  the  C  C  C. 
This  qualitative  and  quantitative  cliange  in  reaction  to  the 
galvanic  current,  ami  the  loss  of  irritability  to  the  induced  cur- 
rent, constitute  what  is  known  as  the  reaction  of  degeneration. 


I'le.  30. — ^Two  schemata  to  show  the  nelatloo  between  the  phyRic&l  aod  the  phyaio- 
locical  electrodea  or  poles.  KkcIi  s«benia  represents  the  forearm  with  the  median  nerve, 
M.  Id  /  the  stimulatiiiK  electrode  b  the  cathode;  the  Ihrcada  ol  current  which  have  started 
(rotn  the  «iio<J<!  (the  imiifTerenl  electrcHl?)  jiLaceci  eL«iewhcre,  ronverite  to  (his  pole.  Where 
these  ttire&ds  enter  the  nerve  we  have  a  series  of  physioloificiil  anudes,  o^  where  they  leave, 
k  NTWS  of  phyKiiiloitical  cathudcx,  e.  In  //  the  BtimutatinK  elecCrtide  la  the  anode.  The 
thlMula  of  current  lea\-c  thin  prile  to  traverse  the  body  toward  the  indiffereDt  eleetroda 
(flkthode).  Where  Ihey  enter  aad  leave  the  nerve  wo  have,  an  In  the  first  caae,  phyaio- 
losioal  aiiodea  iind  cathodes,  now,  however,  on  the  opposite  aide.'*  of  the  nerve. 


Distinction  between  Physical  and  Physiological  Poles. — ^The 

facts  stated  above  seem  to  shoWj  at  first  sight,  that  by  the 
unipolar  method  we  may  obtain  both  an  ojjening  and  a  closing 
shock  at  cither  the  cathode  or  anode, — a  result  which  is  in 
apparent  contradiction  to  the  general  law  that  the  making  or 
closing  stimulus  occurs  only  at  the  cathode  and  the  breaking 
or  o|>ening  stimulus  oidy  at  the  anode.  This  apparent  contra- 
diction   is   readily    explained    when   we    remember   that   in    the 


u 


Digitized  by 


Google 


THE    PHENOMENON    OP   CONDUCTION.  95 

unipolar  method  the  active  electrode  rests  upon  the  skin  over  the 
nerve,  and  that  the  threads  of  current  radiating  from  this  point 
enter  the  nerve  at  one  point  and  leave  it  at  another.  Evidently, 
therefore,  so  far  as  the  nerve  is  concerned,  there  will  be  an  anode 
where  the  current  is  considered  as  entering  the  nerve  and  a  cathode 
where  it  leaves  it,  so  that  under  the  active  electrode,  whether  this 
JB  physically  an  anode  or  cathode,  there  will  be,  as  regards  the 
nerve,  a  series  of  what  may  be  called  physiological  cathodes  and 
anodes.  The  closing  shock  arises  at  these  cathodes,  the  opening 
shock  at  the  anodes.  The  position  of  the  series  of  anodes  and 
cathodes  will  vary  according  as  the  active  electrode  is  an  anode 
or  cathode,  as  is  indicated  in  the  accompanying  diagram  (Fig.  36). 
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THE  ELECTRICAL  PHENOMENA  SHOWN  BY  NERVE 
AND  MUSCLE. 

The  Demarcation  Current. — Our  definite  knowledge  of  the 
electrical  properties  of  living  tissue  began  with  the  celebrated  in- 
vestigations of  du  BoLs-Reymond*  (1843).  When  a  muscle  or 
nerve  is  removed  from  the  body,  and,  in  the  case  of  the  muscle, 
when  one  tendinous  end  is  cut  off,  it  is  found  that  the  cut  end  ha« 
an  electrical  potentiiil  differing  from  that  of  the  uniniui-ed.  longi- 
tudinal surface  of  the  preparation.  Following  the  usual  nomen- 
clature, the  cut  end  is  electronegative  as  regartk  the  lotigitudinal 
surface.  If,  therefore,  the  longitudinal  surface  is  connected  by 
a  conductor  with  the  cut  surface  a  cturent  will  flow  from  tiie  former 
to  the  latter,  as  is  indicated  in  the  accompanying  diagram. 


Fig.  37. — Schema  showing  the  eoufse  of  tlio  demarfMition  current  In  iLa«xcined  nerv*, 
when  a  point  on  the  loiiKi*u<linal  and  one  on  the  cut  surface  are  united  by  a.  conductor. 


I 


While  the  direction  of  the  current  through  the  conductor  con- 
necting the  two  points  is  from  the  longitudinal  to  the  cut  surface 
the  current  may  Eje  con.sidered  as  being  completed  in  the  opposite 
direction  within  the  substance  of  the  muscle  or  ner\'e,  as  shown 
in  the  diagram.  We  may,  in  fact,  consider  an  excised  nerve  or 
muscle  as  a  battery,  the  cut  end  representing  the  zinc  plate  and 
the  longitudinal  surface  the  copper  plate.  Within  the  battery 
the  direction  of  the  current  is  from  zinc  to  copper,  from  cut  end 
to  longitudinal  surface;  outside  the  battery  the  direction  is  from 
copper  to  zinc,  from  longitudinal  to  cut  surface.  If  two  wires 
are  connected  with  the  muscle  or  nerv-e  the  end  of  the  one  attached 
to  the  longitudinal  surface  will  represent  the  positive  pole  or  anode, 
the  end  of  the  one  attached  to  the  cut  end  will  represent  the  cathode 

*  "Untereuchungen  iiber  thierische  Elektricitttt,"  du  Boia-Keyinond, 
184»-1860. 
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or  negative  pole.     On  joining  the  ends  of  the  wires  a  current  will 
pass  from  positive  to  negative  jwle. 

A  current  of  this  character  from  an  excised  nerve  or  muscle 
is,  of  course,  small  in  amount  and  to  detect  it  one  must  make 
use  of  a  delicate  electrometer  of  some  sort  (see  below).  Du  Bois- 
Reymond  considered  that  the  difference  in  electrical  potential 
which  gives  rise  to  this  current  exists  normally  Ju  the  muscle, 
although  masked  by  an  opposite  condition  in  the  tendinous  ends, 
and  he  therefore  spoke  of  the  currents  as  the  natural  muscle  or 
natural  nerve  currents.  It  has  .since  been  shown  by  Hermann 
that  this  view  Ls  incorrect;  that  the 
perfectly  normal  uninjured  muscle  or 
nerve  has  the  same  electrical  potential 
throughout  and  will  therefore  gi^e  no 
current  when  any  two  points  are  con- 
nected by  a  conductor.  Moi-eover,  the 
completely  dead  muscle  or  nerve  shows 
no  current.  The  difference  in  poten- 
tial that  is  found  in  the  exci-scd 
nerve  or  muscle  is  due,  according  to 
Hermann,  to  the  fact  that  at  the  cut 
end  the  nerve  or  muscle  is  injured.  The 
chemical  changes  tliat  take  place  as  a 
result  of  the  injur\'  make  the  tissue 
electronegative  as  regards  the  un- 
changed living  substance  elsewhere. 
For  this  reason  Hermann  described 
the  current  as  a  demarcation  current: 
others  have  called  it  the  current  of 
injur>'. 

The  nature  of  the  changes  at  tiko  injured  end  are  not  known.  It  is  intcr- 
estinx  to  note  that  Bernstein  ♦  has  shown  that  the  electromotive  force  of  the 
muscle  current  increases  with  the  tenvperature,  a  fact  which  leads  him  to 
conclude  that  the  difference  In  potential  between  the  loni^tudinal  and  cut 
■urfaicc  of  the  rauscle  depends  upon  a  difference  in  concentration  of  the 
deetroljrtfls.  The  muscle,  in  fact,  acta  after  the  manner  of  a  "concentration 
chD-"  Such  a  difference  in  concentration  may  pre-exiHt  in  tlie  niirmnt  mu»- 
de.  or,  according  to  the  view  adopted  above,  is  devclopwl  a."*  die  n-snlt  of 
injunng  one  end  of  the  muscle.  It  may  be  Kuppose<l  that  the  injurj^  cuiisen 
«haJ)g<M  wJiich  result  in  tlic  formation  of  new  orgjinic  or  inorganic  elect ro- 
IjtM  and  thus  increases  the  concentration  at  tliat  point.  From  what  is' 
niowi)  of  the  chemical  ciian^^cs  in  muscle  it  is  safe  lo  assert  that  there  is  an 
iocremMd  production  of  lactic  aciil  at  the  injurtxl  end,  and  it  is  probable 
that  other  electrolytes  may  be  hl>erated  iu  difTuMilde  fonn.  With  this  inerea.sed 
concentration  at  the  injured  area  a  dcvelopinf.'nt  of  electric  potential  might 
be  rxfHTted.  owing  to  the  probability  that  the  rations  (II,  K,  Nu,  Mg,  Ca) 
will  difTiuie  off  more  rapidly  and  ihu.^  leave  the  injured  end  with  a  negative 
cbantc.  Experiment.s  made  by  Urano  and  von  Frey  cm  muscle  juice  soueezed 
out  of  the  mviscle  fibers  under  liiKh  presstire  have  shown  that  when  it  is  diffused 
againat  augor  solutions  it  loses  iU*  K  and  Me  more  rapidly  than  the  PO,  and  SO4. 
*"Pfli)ger'8  Archiv/'  1S02,  92,  521. 
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Vig.  38.  —  SchemJt  ebowinft 
(ho  principle  of  con.Hnictiou  '^f 
the  galvanometer:  3/,  The  mag- 
net suspended  by  a  thr«id;  B, 
'the  battery,  with  the  wires  lead- 
iiiK  off  tbe  current  enoifcliDK  the 
magnet. 
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Ueaoa   of   Defnonstratine    the    Muscle    Current. — Tlie   demarcation 

cunvnt  and  other  electrical  conaitions  lo  bt  dcHcrilMnl  rwjuirp  especial  appara- 
tus for  llicir  Blticiy.  To  delect  the  existence  of  a  current  phyHJologists  use 
eitlier  a  ruI vanonieter  or  a  capillary  eleciromeltT.  The  galvanometers  employed 
are  of  se\or«l  types,  the  Kelvin  reflecting palvanomcttT,  the  d'Arsonval  fomi, 
and  more  recenUy  tho  "strinff-palvanometer"  of  Einthoven.  The  principle 
of  the  galvanonicttT  lies  in  the  fact  that  a  ina^elic  needle  is  deflected  when 
an  electrical  current  pas-ses  through  a  wire  in  its  vicinity.  If  a  magnetic 
needle  is  svvimg  by  a  cleheate  thread  so  as  t<»  move  eafiily,  it  will  come  to  rest 
in  the  maKiiclic  meridian  with  its  north  jxilc  jminlinj;  north.  If  now  a  wire  is 
curved  romid  it,  a-s  sliown  in  the  aceotnpanyinp  diagram  (Fie.  38),  and  a  battery 
current  is  sent  through  tluK  wirt>,  the  needle  will  he  deflectw  lo  the  right  if  the 
current  passes  in  one  direction  and  to  the  left  if  it  pas.scs  in  the  op|x>sitc  direc- 
tion. The  movement  of  the  needle  in  an  indication  of  the  presence  and 
direction  of  the  electrical  current  in  the  wire.  The  extent  of  deflection  of 
the  necdtc  may  be  uaed  to  meanure  the  strength  of  the  current  by  aucertaining 


1  im.   iff.     1 1'  \i  -iuvb]  KBlvsnometer  sa  modified  by  RowlaucL 


I 


the  amount  of  defleetion  causeil  by  a  standard  hattery.  The  effect  of  the 
current  ufMin  the  needle  increases  with  the  number  uf  tum.'<  of  wire,  so  that 
deli«'ali'  gal vaufimot el's  eonstrueLed  upon  tliis  jirincij)!*'  are  spoken  of  as  high 
rt^istanfe  galvanometers,  the  grefi!  length  of  wire  uwd  making,  of  course,  a 
high  resistance.  !ii.«tead  of  having  tlie  euil  througli  which  the  current  passes 
kept  in  a  fixed  f>osition  iin'i  the  magnet  delicately  .swung  or  nnis^Hl,  the  reverse 
arruti^eniriu  inny  be  useii — tliat  i.s,  the  coil  may  In*  f<Hnng  net  ween  the  [M.>le8 
of  a  fi-tod  Miagnet.  I'nder  these  circumstances,  it  a  current  is  sent  through  the 
coil,  thi.s  latter  will  move  with  n^ference  Xo  the  magnet.  A  galvanometer  con- 
Ftructed  r>n  this  principle  is  deKignated  a.>*  a  d'.-\rsonval  g;dvanometer,  after 
the  phys^iologist  whu  first  employed  this  arrangement.  In  the  d'Arsonval 
fonn  the  magnet  is  fixed  while  tlic  mil  of  wire  through  which  the  current 

fjasscK  is  8V\  ung  by  a  very  delicate*  thread  of  ijuart);,  sil^  fiber,  or  phosphor- 
ironze.  The  principle  tif  the  arrangement  is  shown  in  the  accompanying 
diagram  (Fig.  i(1\  and  one  fonn  of  a  complete  in.'^lrmuent  in  Fig.  39.  A  large 
horseshoe  niacnet  {n,  si  is  fixed  permanently  and  Ix'twwn  the  pules  in  swung 
a  coil  id  of  delicate  wire,  the  two  endsof  the  wire  being  connected  with  binding 
posts  in  the  frame  of  the  tnst niment.  The  coil  is  held  in  place  below  by  a 
delicate  spiral.     In  Fig.  40  it  will  l*  Been  that  the  deUcate  thread  suspending 
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tbe  coil  carriee  just  above  the  o<iil  a  small  mirror,  m,  and  a  plate  of  thin  mica 
or  aluminum.  Tlie  mirnjr  is  <l<'flectecl  with  tin*  c^nl,  and  when  viewed  through 
the  telfscoj.ie  pictured  in  Fig.  39  the  image  of  the  scale  above  tlie  t-eleacope  ia 
reflectitl  in  this  mirror.  .\.s  the  coil  and  mirror  are  twisted  by  the  action 
of  the  current  passing  throujjh  «iie  former  the  reflection  of  the 'scale  in  the 
mirror  is  di.splaced.  By  menn.4  of  a  envjw  hair  in  the  telescope  tlie  angle  of 
deSection  may  be  read  upon  the  reflected  scale.  The  aluminum  vane  back  of 
the  mirrur  makes  the  system  dead-beat,  so  that  when  a  deflection  is  obtained 


F>e  40. — DUKTsm  of  Btruc- 
tui«  of  tbc  d'AiBonval  KHlvanom* 
•l*f.  e  ia  tha  cuil  of  fine  wir« 
tJbrau>li  which  the  current  ia 
IMww.  It  is  swune  by  a  fine 
Uiraail  of  phtuphor-bronac  so  aa 
|0  Im  between  an<l  eioat  to  tho 
ptiUm — (r)  ourth  p<ite,  and  (<) 
^..irii  r...[» — (4  lito  a>a«Det.  Juat 
iiiacnel  the  thread  car> 
'  («  aluuioum  vane  to 

& —.  -Ltacbnl  »  snail  mirror. 

Ite  wcmia  of  the  itisiriimcrit  in  re- 
iaatwl  in  this  iniiror  :ind  i« 
ah—r¥>ii  through  tha  tUe««opft 
•howB  in  FSc.  38. 


a 


Fig.  -11. — Srhema  of  rapilUry  deetroinet«r 
UTon^ctl  to  show  the  demarcation  current  in 
muscle  (LiMnbitrri) :  a.  The  glass  tube  containing 
mercury  and  drawn  to  a  fine  capilliu-y  below;  c, 
the  receptacle  containing  mercury  by  raisiriK 
which  the  mercury  can  be  driven  into  the  capil- 
lary of  o;  /,  a  vesael  with  glam  eidcs  roiuainmK 
niercuor  below,  and  above  dilute  ftulphunc  acid 
into  wtuch  the  capillaj-yof  a  dipa;  E,  the  micro- 
cope  for  observing  the  mercury  thread  in  the 
capillary;  m,  the  mujir.le;  a  and  h,  the  wire* 
touching  tbe  longitudinal  and  cut  surFaces  of  tbe 
inuacle.  Tbe  cumnt  flow*  aa  indicated  by  tbe 
■nail  arrows;  d,  tbe  capillar}'  thread  of  ineroury 
a*  aeen  under  tbe  microaooiie. 


th«  nyfUMii  oomt's  <juickly  to  rest  with  few  or  no  oscillations.  If  the  coil  of  wire 
eoDtainr«  sufficient  turn-s,  enough  to  give  a  total  resi.'^tance  of  two  to  three 
thousand  ohms,  and  the  pole«  of  the  tnagnet  are  broiiglit  very  clotte  to  the 
oiil,  the  instrument  may  Ix-  given  a  delicacy  sufficient  to  study  accurately  the 
munrle  and  nervi- curronl^.  In  kucIi  an  in«5tnmn'nt  the  effect  of  the  earth's 
magnrtLiiii  may  1h'  neglected  and  the  galvannnieter  may  be  hung  upon  any 
mippiiri  without  reference  to  the  niagnr  tic  meridian. 

The  movable  system  of  tliis  gnlvanonieter  powwssen  considerable  inertia, 
K>  that  it  will  not  indicate  accurately  the  prew^nce  or  extent  of  very  brief 
dvotrteml  currenti*  ouch  as  have  to  be  studied  in  physiology  in  ftome 


Fig.   42.— On*  fomi  of  Die  dtring-KalvaniiniPt^r :    fc".  Thp  flpflnnnapicf :  b.  the   proiectioQ 
microscope;  F,  a  screw  for  var>-iug  the  teiiciuti  of  tlie  thread. — (Kdeltnaau'a  Catklogue.) 


''''""ii;i''P'llllfi!|i 


FIk.  43. — Sohetna  to  «how  the  rptalion  of  tlve  llirrad  (d  thp  maKneta  in  the  (tring- 
lEalvanxinvlcr  :  AA,  Thp  ilt-tirate  thiipBil  nf  Nilv^rpcl  ijimrtj;  ur  of  platirium,  stretched  between 
the  polar  piocej  (/'/')  of  nii  (■IwlromaicTW't.  Whrn  a  riirrrtit  na.ss.es  through  jl/i,  the  thread 
!iihr)W!i  n  inaveiiipiit.  'J'hc  cikils  of  the  nkagnelfi  are  pifrc^  by  holes,  ae«a  lo  Pi,  tltrouf^ 
which  the  inovementii  of  the  thrent)  may  be  watched  by  means  of  a  mioroaoope  or  be  pro- 
jected upon  a  plujlographie  pUte.  —  (After  Einlhoven.) 

metal  |M)Ie.s  uf  the  maKnet  are  piorooi  by  holes,  so  that  the  tliread  tiiay  be 
tlliiminated  by  an  electric  light  (NernBt  lamp)  from  one  side,  and  on  the  other 
the  shadow  of  tlie  thread  may  l>e  throw  n  upon  a  scrwii  after  !>emp  magnified 
by  a  microfloope  ^aee  Fig.  42).    With  this  arraugement  the  thread  shows  a 
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lateral  movempnt  whenever  a  cdrrent  w  passed  ihrougli  it.  The  inBtrunient 
inAy  be  made  of  ereat  delicacy  so  as  to  detect  very  minute  ciirrentjs,  and, 
moreover,  il  has  trie  very  great  advantage  of  rcspontling  accurat-t^Iy  to  nijji<l 
duuiges  in  potential.  If  the  shadow  ol  the  thread  is  aJloweiJ  to  fall  ui.Hiii 
seiuitiKed  paper  propierly  adjusteii  upon  a  rotating  surface,  it^  mnvemcnts  may 
be  photographeu  and  a  permanent  record  be  thus  obtained  (see  Fijj.  22  for 
jw  example  of  such  a  piiotographic  record  showing  the  electrical  changes  in 
a  contracting  muscle). 

The  Capillary  Electrometer. — The  principle  of  the  conslnietion  of 
the  capillary  electrometer  is  illustrated  in  T'ig.  41.  A  glass  tube,  o,  is  drawn 
out  at  one  en<l  into  a  very  fine  capillary,  the  end  of  which  dips  into  some 
dQuKnl  sulphuric  acid  contained  in  the  vessel  (/).  At  tlie  iKrtttuu  of  this 
veosel  is  a  layer  of  mercury  connecting  with  a  wire,  g,  fused  into  the  glass 
ycMcl.  The  tube  a  is  partially  filJed  with  rpflistilleil  mercury,  which  pene- 
trates for  a  short  distance  into  the  C!ij)illary.  My  means  rif  pressure  apjilieil 
from  above  c,  tlie  mercury  can  be  forced  through  the  capillary.  Then  by 
■liniinishing  the  pressure  the  mercury  can  be  brought  back  into  the  capillary 
a  cert4iin  d>8taDC<\  drawing  after  it  sntne  of  the  dilute 
sulphuric  acid.  The  mercury  in  tube  n  is  connectctl 
witti  the  other  pole  of  the  battery  by  a  wire  fused  into 
ita  wall  and  dipping  into  the  niereurv.  By  regulating 
the  prcKiirc  on  the  mercury  the  nomt  of  contact  Ix*- 
twren  the  tliread  of  mercury  and  the  sulphuric  acid 
in  the  capillary,  d,  can  be  brought  to  any  desired 
position.  An  equilibrium  is  then  established  which 
will  remain  constant  as  long  as  the  conditions  are  not 
changeil.  If  now  the  circuit  from  a  buttery  or  other 
eourcc  of  electricity — for  example,  the  excised  nerve 
or  muscle — is  closed,  the  current  entering  by  wire  g, 
if  thie  represents  the  anode,  tniversj's  the  sulnhuric 
acid  and  mercury  in  the  capillary  and  returns  (ty  the 
wirn  h.  At  the  moment  of  the  establishment  of  the 
current  the  c<]uilibrium  of  forces  that  iiolds  the  mer- 
cury' at  n  certain  point  in  the  capillary  is  disturlM><l, 
the  end  of  the  mercury  threa«l  moves  uoward  with 
the  current  for  a  certain  ttistance:,  depending  on  the 
etrength  of  the  current  and  the  delicacy  of  the  i-apillary. 
If  the  current  bo  passed  in  the  opposite  dire<:lion  the 
mercury  will  move  downward  a  certain  distance.  The 
nttniscUB  of  contact  moves  up  or  down  with  t  he  direc- 
tion of  tlie  current,  owing,  it  is  supmsed,  to  a  change 
in  the  surface  tension  at  this  point.  The  capillary  tube 
as  used  for  physiological  purposes  is  too  small  for  the 
moveiiMnts  of  the  mercury  to  be  detected  with  the  eye. 
It  ia  necessary  to  magnify  it  either  with  a  microscofjc 
or  a  projection  lantern.  Ordinarily  the  electrometer 
ia  ao  made  that  it  can  be  placed  up<m  the  stage  of  the 
microKope  and  the  capillaries  l>e  brought  into  focus 

at  the  meniaeus,  as  shown  in  d.  P'ig.  41.    By  ineaiis  of      ,,.,  ^i„,;„„  „,  .j„„ 
',  '^i         .•'  ..^1^1       uj*t»cl  Boiuuon  ol  line 

proper  apparatus  the  movement  can  lie  wliotographed       sulphate;   (3)  the  box 
and  thus  a  permanent  record  be  oblainea  of  the  direc-      of  amalsainated  «inc. 
tion  and  extent  of  movement  of  the  mercury. 

Son-polaritnblc  KUciroden, —  In  connecting  a  muscle  or  nerve  to  an  elec- 
trooietcr  or  galvanometer  it  is  necessary  that  the  leading  ofT  electrodes — that 
is,  the  point  of  contact  between  the  wires  and  the  Hiuscle  <ir  nerve — shall  be 
i«o-electrical  and  non-polariwible.  By  iso-elect rical  is  meant  that  the  two 
dectrmlee  shall  have  the  same  electrical  potential,  and  it  i.s  obvious  that  the 
lasding  ofT  electrodes  must  fulfil  this  ctuulitinn  approximately  at  least,  siiico 
oiberwiae  the  current  obtained  from  the  muscle  or  nerve  could  not  be  attrilt- 
ttted  to  differenc**  in  potential  in  the  tissue  itself;  it  would  l>e  shown  by  any 
otlM«r  moist  conductor  connecting  the  two  electrodes.  Two  clran  platinum 
eleetrudea  would  fulfil  tliis  condition.     A  more  serious  difficulty  is  found  in 
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Ki«.  A*.— To  show 
the  itruoture  of  o  non- 
polaiisable  electrode: 
1,  The  jmA  of  kaolin  or 
filter  paper  mqifitened 
with  physiiilujrical  sa- 
line (Natl,  0.7  per 
cent.)  (thin  ID  placed  on 
the  tissue} ;   2,  the  oat- 
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the  polarization  of  niotaHic  plootrodes.     Whenever  a  motal  <;nn(lnctor  and  ai 
liuiiid  ptmdiictor  come  into  runtaot  tliere  is  npt  in  he  [lokirizntion.     Wtiatj 
takes  plact"  may  be  reprcsi'nteil  by  tlie  following  diugraui,  in  wliicli  a  current 
is  mippoMMi  to  be  passing 

+  +  +  + 

Na       Na       Na       Na 


a 


ci      ci 


Cl 


between  the  poles  ,4  and  C  tiirough  a  solution  of  sodium  ehlorid.  During 
the  pajMBRe  of  the  eurreiit  the  cations.  Na,  with  their  positive  charges 
move  t«ward  llu-  cathode;  at  the  cathode  the  free  sodium  ion  acta  upon 
the  Wiit4>r,  HHO.  forniing  Na(JH  and  hberatinR  hydrogen,  which  gives 
ita  charfje  to  the  cathode  and  aeeunuilates  ujKjn  it  in  the  form  of  gas.  Tlje 
anions,  Cl,  with  their  negative  charges  mo\e  toward  the  anode;  there  the 
chlorin  acts  upon  the  water,  forming  HVi  and  liberating  oxygen.  In  conse- 
quences of  these  chemical  actions  at  the  poles  an  electromotive  force  is  de- 
vdoped  at  the  cathode  wluch  diminishes  the  current  pa^vsing  from  A  to  C". 
It  is  obvious  that  in  quantitative  studies  of  the  electrical  currents  of  animal 
tissues  polarisation  will  deJ.troy  the  accuracy  of  the  results,  the  demar«ition 
current  will  tihow  a  diminution  due  not  to  changes  in  the  neric.  hut  (o  physi- 
coehemical  changes  at  the  Leading  off  electrodes.  To  prevent  polarization 
du  Boin-Rpymond  devised  the  non-polarizable  electrodes  con.'^i.sling  of  zinc 
tcrminala  immersed  in  ainc  svdphate.  Theoretically  any  metal  in  a  solution 
of  one  of  its  salts  may  be  used,  but  e.xperienee  shows  that  the  zinc-zinc  sulphate 
eicclrixle  is  most  nearly  perfect.  Each  electrode  where  it  comes  into  contact 
with  the  tissue  is  made  of  one  of  these  combinations.  Various  devices  have 
iMH-n  iLse<L  For  in-stance,  the  electrode  may  Iw  constructed  as  shown  in  the 
diagram  (Fig.  44).  A  short  glass  tube  of  a  Ijore  of  about  4  mms.  is  well 
cleaned — one  end.  which  is  to  come  into  contact  with  the  nerve — is  filled,  as 
shown,  by  a  plug  of  kaolin  made  into  a  stiff  putty  with  physiological  saline 
iMtlutiiin  iif  .N'a<'l  ((1.7  percent.).  The  kaolin  shoidd  liave  a  neutral  reaction 
and  un!es«  go«')d  kaolin  is  obtainable  it  is  better  to  use  a  plug  made  of  clean 
filter  paper  macerated  in  physiological  saline  and  pneked  tiglitly  into  the  end 
of  the  tube.  ,\hove  this  plug  tlic  tube  is  filkvl  in  lor  a  part  of  its  length  with 
a  aaturateil  solution  of  zinc  sulphate  into  which  is  immersed  a  bar  of  amal- 
gunale<l  zinc  with  a  ropjwr  wire  .soIdere<i  to  its  end.  With  a  pair  of  such 
electrodes  the  conduction  of  the  current  through  the  nerve  or  muscle  to  the 
metallic  part  of  the  circuit  tmiy  be  repretsentcd  as  follows: 


Zn 


+         +         + 
Zn       Zn        Na 

SO.    SO.    a 


+ 

Na 

Cl 


Na 
Cl 


+ 
Zn 


+ 
Zn 


S0«      SO, 


Zo 


Tlie  liquid  part  of  the  circuit  comes  into  contact  with  the  metallic  part 
at  the  junction  of  Zn  and  ZnSO^.  .\t  the  cathoile  it  may  be  8Up(x>*e<l  that 
the  Zn  cation  in.stciul  of  acting  upon  liie  wator  and  Ulcerating  hydrcwea, 
deposits  itself  upon  the  zinc  eloctrode;  at  the  uikhIc  the  sidphion  (SO,) 
attacks  the  zinc  ins-tead  of  the  water,  forming  ZnSO..  Lv  this  way  |X)Urizatiaa 
is  prevented,  aud  by  tlie  con.'^truction  of  the  electrode  the  living  tissue  is 
brought  into  contact  only  with  the  plug  of  kaolin  moistened  with  physio- 
logical .saline.  Such  electrodes  are  indispensable  in  studving  the  cle«-trical  phe- 
nomena of  living  tissues,  and  also  hi  all  investigation.s  (tearing  upon  the  polar 
effects  during  the  pas.sage  of  an  electrical  current  from  a  bntterv,  Ordinarilv, 
however,  when  it  is  only  dcTiired  to  stimulate  a  nerve  or  mascle,  metal  (plat- 
inum) eIectro«ic!i  are  employed. 
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The  Action  Current  or  Negative  Variation. — Du  Bois-Rey- 
mond  proved  thut  when  the  excised  muscle  or  nerve  is  stimulated 
its  demarcation  current  suffers  a  diminution  or  negative  variation. 
If,  for  instance,  the  excised  ner\'e  gives  a  demarcation  current  suf- 
ficient to  cause  a  deflection  in  the  galvanometer  of  50  mm.s.,  then 
if  the  ner\'e  is  stimulated  by  a  series  of  induction  shocks  the  galva- 
nometer will  show  a  lessened  deflection,  say,  one  of  4(1  mms.  The 
negative  variation  in  this  case  Is  equal  to  10  mms.,  on  the  scale  of 
the  galvanometer  uset^l.  It  has  been  shown  that  this  negative  varia- 
tion b  due  to  a  current  in  the  opposite  direction  whose  strength,  in 
the  example  given,  relative  to  that  of  the  demarcation  citrrent  is 
as  10  to  50.  Frequently  the  phenotocnnn  of  the  negative  varia- 
tion is  known  also  as  the  action  current.  The  explanation  given 
for  this  action  current  is  that  the  nerve  or  muscle  when  excited 
takes  on  an  electrical  condition  which  is  negative  as  regards  any 
unexcited  or  less  excited  portion  of  the  nerve.  The  effect  upon  the 
demarcation  current  Is  illustrated  in  the  accompanying  diagram. 

The  demarcation  current  in  a  nerve  i.'<  leil  off  to  <i  galvanometer 
by  electrodes  placeil  at  h  and  c.  When  the  nerve  is  stimulated  at 
a  the  excitation  set  up  pas.ses  along  the  ner\e,  and  wherever  it  may 
l>e  that  portion  of  the  nerve  is  thrown  into  an  electronegative  condi- 
tion. When  this  condition  reaches  a  point  at  which  it  can  influence 
the  galvanometer — that  h,  when  it  reaches  b,  it  will  diminish  the 
difference  in  potential  that  exists  between  b  and  c,  and  therefore 
reduce  the  current 

flowing  from  t  to  c.  _|_ 

Bernstein*  has 
shown  that  this  neg- 
ative condition 
moves  in  the  form  of 
A  wave.  That  is,  at 
any  jwint  the  nega- 
tivity grows  to  a 
maximum  and  then 
diminishes.  More- 
over, it  travels  at  a 
definite  velocity 
which  Is  easily 
measured.  Accord- 
ing to  his  experiments,  the  velocity  of  this  wave  in  the  frog's 
motor  nen'e  is  from  25  to  28  meters  per  second,  and  the  length 
of  the  wave  is  about  IS  mms.  Hcrraaan,  on  the  contrary',  be- 
lieves that,  in  the  excised  nerve  at  least,  the  length  of  the  wave 
may  be  greater,  reaching  perhaps  140  mms, 

•  Benutrin.  "  UntrrsurliimKen  fiber  den  Erregimgsvorgang  im  Ncrven 
ui*1  Muakclsysleme."  Heidelberg   187L 


Fig.  45. — Schem*  to  indic»te  the  method  of  detecting 
th«  action  current  in  s  stimulated  excised  nerve:  b  and  c. 
t(M  leadiiiK  off  elartnxlp^,  uiie  on  the  lonKituiliniil,  one  on 
tbo  cut  surface ;  the  demarcniirin  current  pii.'Kws  throuidi 
the  galvanometer,  0,  in  the  direction  o(  the  arruw'»;  a,  etimu- 
latinK  electrode.]  from  induction  coil:  the  atimutua  cauaaa  a 
neijtative  condition, — which  pa-vwa  along  the  nerve;  when 
this  reaches  b  it  causes  a  partial  reversal  u(  the  demarca- 
tion current,  giving  the  neijative  variation  or  action  cur- 
rent. 
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These  figures  will  vary  naturally  for  the  nerves  of  different  ani- 
mals or  for  diflferent  nerves  in  the  same  animal,  for  it  must  always 
be  remembered  that  nerve  fibers,  whose  functions  in  general  are  so 
similar,  differ  much  in  obvious  microscopical  structure  and  probably 
more  widely  in  their  chemical  composition.  Using  an  analogy  that 
18  familiar,  we  may  say  that  when  a  stimulus  acts  upon  a  living 
nerve  a  wave  of  electronegativity  fipreads  from  the  stimulated 
spot  and  travels  in  wave  form  witl  a  definite  velocity,  just  as  water 
waves  radiate  from  the  spot  at  whii;li  a  stone  is  thrown  into  a  quiet 
fXKjl.  A  similar  phenomenon  occurs  in  muscle  fibers  when  stimu- 
lated, but  the  negative  condition  travels  over  tlie  muscle  fiber  at  a 
slower  speed,  3  to  4  meters  per  second  in  frog's  muscle,  and  with  a 
wave  length,  according  to  Bernstein,  of  only  10  mms.  This  wave 
of  negativity  in  the  muscle  begins  during  the  latent  period  and, 
therefore,  precedes  the  actual  shortening  at  anv  point,  as  shown 
in  Fig.  48. 

This  phenomenon  of  a  negative  electrical  condition  traveling 
over  the  nerve  or  muscle  and  giving  us  an  active  current  when  led 
off  through  a  galvanometer  is  of  the  greatest  physiological  impor- 
tance, particularly  in  the  study  of  nerves.  It  has  l>een  shown 
that  in  the  nerve  this  wave  of  negativity  marks  the  progress  of  the 
wave  of  excitation,  and,  since  we  can  stutly  its  progress  by  means 
of  the  galvanometer  or  capiUary  electrometer,  we  can  thus  study  the 
excitability  and  conductivity  in  nerves  when  removed  from  con- 
nection with  their  end-organs.  That  the  negative  wave,  or  the 
action  current  that  it  gives  rise  to,  is  an  invarinblo  sign  of  the 
passage  of  an  excitation  or  nerve  impulse  is  shown  by  the  facts 
that  it  is  absent  in  the  dead  nerve,  and  that  in  the  living  nerve  it  is 
produced  by  mechanical,*  chemical, t  and  reflex!  stimulations,  as 
well  as  by  the  more  usual  method  of  electrical  stimulation. 

Hersea  haa  claimed  that  vitider  rertain  conctittons  of  local  narcosis  the 
neni'e  fibers  when  jdimulated  may  give  an  action  current,  but  no  tiiuscie  con- 
traction,— a  fact  wliich  if  taio  would  soem  to  show  that  the  excitation  wave 
or  nerve  impulse  and  the  wave  of  negative  potential  are  not  associated 
invariably.  Tht.s  result,  however,  has  Ijeen  denied  by  other  competent 
observers  (Wedenski,  Uoruttau). 

Monophastc  and  Diphasic  Action  Currents. — According  to 
the  conception  of  the  action  current  given  above,  it  is  evident  that 
it  should  be  obtained  upon  stimulation  when  a  living  normal  nerve 
is  connected  at  any  two  points  of  its  course  with  a  galvanometer  or 
capillary  electrometer.     The  detection  of  the  current  under  such 

*Steinaeh,  "  Pfliiper's  Archiv,"  55,  487.  1R94. 

tdmtzner,  "Pfluger's  Archiv,"  25,  255,  1881. 

j  Boruttau,  '"  Pfliiger's  Archiv,"  84  and  90,  1901-1902. 
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conditions  offers  morp  difficulties,  because  it  is  rliaphasic,  as  wil! 
be  setm  from  the  accomjja.iiyinjj;  fliugram  (Fig.  46).  The  figure 
represents  a  normal  ner\'e  led  off  to  the  palwinnnieter  from  two 
points,  b  and  c,  of  its  longitudinal  surface.  As  these  points  in  the 
uninjured  nerve  have  the  same  potential,  no  current  is  sliowu  by 
the  galvanometer.  If  the  nerve  is  stimulated  at  a  by  a  single 
stimulus,  a  negative  conditirm  or  charge  passes  along  the  nerve. 
When  it  reaches  tlie  point  h,  there  will  be  a  momentary  current 
through  the  galvanometer  from  c  to  h\  as  tlic  charge  piloses  on 
to  c,  this  point  in  turn  will  become  negative  to  b,  and  there  will 
be  a  momentary  current  through  the  galvanometer  in  the  other 
direction.  The  diphasic  current  that  occurs  under  these  con- 
ditions cannot  l>e  detected  by  the  ordinary  galvanometer,  even 
when  A  series  of  stimuli  is  sent  into  the  nerve  at  a,  since  the 
movable  system  in  this  instrument  has  too  much  inertia  to 
respond  to  such  quick  changes  in  opposite  directions.  With 
the  more  mobile  string-galvanometer  or  capillary  electrometer 
the  diphasic  currents  have  been  demonstrated  successfully.  In 
laboratory  investigations  one  of  the  leading  off  electrodes,  c, 
is  usually  placed  on  the  cut  end  of  the  nerve.  Under  this  con- 
dition the  action  current  becomes  monophasic  and  shows  itself 
as  a  negative  variation  of  the  demarcation  current.  This 
difference  ia  due  to  the  fact  that  a  negative  condition  upon 
excitation  depends  upon  a  living  condition  of  the  nerve,  and  it 
cannot,  therefore,  affect  the  nerve  at  the  electrode  c  if  this  latter 
is  placed  upon  the  cut  end  where  the  nerve  is  dead  or  dying. 
It  will  affect  only  the  electrode  b,  and  give  only  the  monophasic 
current,  which  can  now  be  shown  by  the  usual  galvanometer, 
provided  a  series  of  stimuli  is  thrown  in  at  a. 


rif.  -M. — Sehmnft  to  ahow  thci  armnKoinent  for  obtainiiiK  a  diphasic  action  current, 
llie  lUTmiajpenient  diifera  from  that  in  Vig.  42  only  in  that  bdth  leading  off  elect rmlos,  b  uiid 
c,  mre  p1m>p<1  ryn  th?  longitudinal  surface.  No  deniarcHlion  current  is  iiidicuteil.  When 
th*  narve  i>-  '        I  nl  a  ttie  ncKative  charge  t«aehes  b  first,  cauainK  a  current  through 

tb*  MilvMii'i  I  e  to  6.     Subfloquently  it   naebea  e  and  cauwa  a  wcond  current 


OPP" 


frwm  6  to  c. 


Tf>r  Pontiw   Variation. — It  happens  not   infrequently  that  when  one 
'^-  '  ■  I-  placed  upon  the  cut  end,  the  nerve  upon  stimulation  with  a  series 

:<in  AFiot'lkJii  gives  a  positive  instead  of  a  negative  vaiiatinn  of  the 
'ii  1  r.  i]<.ri  <-urrent.  Tliis  result  is  u.sually  exp]aine<.i  as  beiii^  due  to  a  pre- 
d<uiui.iiu  p  ,,i  the  aneleolrot^jnic  currents  (see  below),  but  Wcdfnski  has  con- 
ttij'leil  f»'«>!«itly  that  it  is  due  to  a  jjeculiar  condition  of  excitation  in  the  nei^'e 
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at  the  cut  end,  a  condition  to  which  he  gives  the  imme  of  parahicmia.  When 
this  phetiomenon  occurs  it  can  usually  be  avoided  by  making  a  fresh  section 
at  the  end  of  the  nen'e. 

Detection  of  the  Action  Currents  by  the  Rheoscopic  Frog 
Preparation  or  by  the  Telephone. — The  motor  nene  of  a  nprve- 
miiscle  preparation  from  a  frog  is  so  extremely  irritable  to  electrical 
currents  that  it  may  be  used  instead  of  a  galvanometer  to  dct-ect 
the  action  currents  in  a  stimulated  muscle.  A  ner\'e-musele  prep- 
aration used  for  this  purpose  is  knowij  as  a  rheoscopif  preparation. 
The  way  in  which  it  is  used  is  indicated  in  the  accompanying 
diagram,  b  represents  the  rheoscopic  preparation,  its  nen'e  being 
laid  upon  the  muscle  whose  currents  are  being  investigated,  a,  so  as 
to  touch  the  cut  end  (x)  and  the  longitudinal  surface  (g).  WTien  n  ia 
stimulatetl,  either  directly  or  through  its  nerve,  as  represented  in  the 
diagram,  the  negative  charges  that  pass  along  the  muscle  fibers  of 
a  with  each  stimulus  cause  action  currents  that  will  be  led  off 
through  the  ner^'e  of  b  from  x  to  g.  U  the  nen'e  is  in  a  sensitive  con- 
dition it  will  be  stimidatcd  by  the  action  currents  and  thus  a  series  o^ 
excitations  will  Ije  sent  into  b  corresponding  exactly  in  rate  with 
the  artificial  stimuli  given  to  the  nen-e  of  a.  The  rheoscopic 
preparation  may  be  used  very  beautifulU^  to  demonstrate  the 
action  current  in  the  contracting  heart  muscle.  If  the  nen'e  of 
b  is  laid  upon  the  exposed  teating  heart  of  an  animal,  the  muscle 
of  b  will  give  a  single  twitch  for  each  beat  of  the  ventricle.  An- 
other interesting  method  of  detecting  the  action  currents,  particu- 
larly in  nerves,  is  by  means  of  the  telephone.  Wedenski  has  made 
especial  use  of  this  method,  the  telephone  being  connected  with 


Fig.  47. — Schema  to  ahow  the  arrangement  nf  a.  rlieoncnpic  mu,wlt5-nf rve  pr«parnUoii: 
9,  The  rneoscnpic  niusole-nerva  prxparation,  the  nerve  b<?iii(t  orraiineil  to  touch  the  cut  sur- 
face and  the  lc>niotU(liiial  tnirface  of  the  muscle,  ';,  whijae  nctiun  currprit«  ure  to  be  deteotod. 
Wbeii  the  nervo  of  a  ia  stiniiilnte*!  each  cortractinn  of  thta  n^iuclc  is  {ullowed  by  a  oonlrao- 
ttcm  of  b,  ainoa  each  eofitrsciinii  of  a  is  EM:ciini|>aiiJeU  by  an  action  current  which  panwea 
Ibrough  tfa«  nerve  u(  b  ami  atirnutalea  it. 

the  nerve  in  place  of  the  galvanometer.  The  method  has  obvious 
advantages  in  the  fact  that  it  may  be  used  with  a  nen-e  to  which 
the  muscle  is  also  attached,  so  that  the  excitation  processes  in 
the  nerve  and  their  effect  upon  the  nuusde  may  be  studied  simul- 
taneously. 
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Relation  of  the  Action  Current  to  the  Contraction  Wave 
in  Muscle  and  to  the  Excitation  Wave  (Nerve  Impulse)  in  Nerve. — 
The  action  current  or,  to  be  mure  accurate,  the  moving  negative 
charge  which  gives  rise  to  an  actiun  current  when  two  points 
of  the  muscle  are  led  off  to  a  gaK'anorrieter,  has  been  shown 
by  Bern.stein  to  prccetJe  the  wave  of  contraction  in  muscle;  tliat 
b,  in  a  stimulated  muscle  fiber  the  electrical  change  at  any 
point  precetles  the  mechanical  proces-s  of  shortening.  When 
studied  by  means  of  the  string-galvanometer  it  would  acem, 
according  Ui  the  curve  repriHluced  in  Fig.  48,  that  in  a  simple 
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uscular  contraction  two  electrical  waves  pjiss  over  the  muscle: 
■st,  a  quick  exten.sive  change  in  potential  which  occurs  (luring 
[the  latent  period  and  marl«  probably  the  passage  nf  the  wave 
^«xcitati<>n ;  sectmd,   a  slower  wave  accompanying  the  proc- 
o!  shortening.     Paying  attention  oidy  to  the  first  of  the.se 
m:iy  suppo.se  that  the  electrical  change  is  an  intlication 
citation  or  possibly  constitutes  the  e.xcitatiim  that  -sets 
p  the  cheniicjil  change  of  contraction,  or  else  that  the  change  In 
t  i "     '       t»>ntial  is  cau.sed  by  the  chemical  change  of  contraction 
-  the  mechanical  result  of  shortening,  since  the  latter 
■will   have  a  certain  latent  period.      It   has  been  shown. 
f "by  Demoor  that  a  completely  fatigued  muscle  may  still 
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conduct  an  excitation  (muscle  impulse),  although  unable  to  con- 
tract, and  the  same  fact  has  been  demonstrated  l)y  Kngehnann 
for  the  heart  muscle.  In  the  nerve  tlie  action  current,  or  the 
negative  change  causing  it,  has  been  considered  as  simultaneous 
witli  or  possibly  identical  with  the  nerve  impulse.  The  velocity 
of  the  two  is  identical;  the  action  current  is  given  whenever  the 
nerve  is  stimidated,  and,  so  far  as  experiments  have  gone,  the 
nerve  cannot  enter  into  activity  witliout  showing  an  action 
cuiTent, — that  is,  without  showing  a  moving  electrical  charge. 
Whether  this  electrical  charge  constitutes  the  nen'e  impidse  or 
is  simply  an  accompanying  phenomenon  will  he  discusse<l  briefly 
iti  the  paragraph  upon  the  natvne  of  the  nerve  impulse  in  the 
following  chapter. 

The   Electrotonic   Currents. — In  speaking  of   the  eflfect   of 
passing  a  galvanic  current  through  a  nerve  attention  was  called 

to  the  fact  that  the 
condition  of  the 
nerve  is  altered  at 
each  pole.  At  the 
anode  there  is  a  con- 
dition of  decreased 
irritability  and  con- 
ductivity knowTi  as 
anelectrotonus  ;  at 
the  cathode,  in  the 
beginning,  at  least, 
a  condition  of  in- 
creased irritability 
known  as  catelec- 
trotonus.  In  addi- 
tion to  the.se  changes  in  the  physiological  properties  of  the  nerve 
there  is  a  change  also  in  its  electrical  condition  at  each  pole,  of 
such  a  character  that  if  the  nerve  is  led  off  from  two  points  on 
the  anode  side  a  current  will  be  indicated.  The  current  can  be 
obtained  at  a  consi<lerable  distance  from  the  anode,  and  iis  known 
as  the  anelei'trotonic  current,  while  the  electrical  condition  in  the 
nerve  that  makes  it  po-%sit>le  is  designated  as  anelectrotonus.  A 
similar  current  can  te  led  ofT  fi-oni  the  nerve  on  the  cathode  side 
for  a  con.siderable  distance  K^eyond  the  cathode ;  this  is  known  as 
the  catelectrotonic  current,  and  the  electrical  condition  leading 
to  its  production  aa  catelectro tonus.  Within  the  nerve  these 
electrotonic  currents  have  the  same  direction  as  the  battery  or 
polarizing  current,  as  is  shown  in  the  diagram  (Fig.  49),  The 
tenns  anelectrotonus  and  catelectrotonus  are  used,  therefore, 
in  physiology  to  designate  both    the  physiological  and  tiie  elec- 


FijT-  49. — Schema  to  show  the  direction  of  the  eleo- 
Mtonic  currents  in  an  exciaed  oerva:  P,  The  buricry  for 
(ha  poLariiin^;  current  sent  into  the  nerve  at  -^.  the  an- 
ode, and  eniereinz  at  — ,  the  cathode;  0".  galvaaotnttcr 
arranged  with  leading  off  electrode*  to  detect  the  aneleo 
trofunio  current,  the  direction  of  which  ia  indicated  by 
the  arrows  (in  the  nen.'e  it  is  the  same  a«  that  of  (he  po- 
iarixitiK  current);  p,  galvanometer  similarly  arTanee^J  to  de- 
tect the  cateleGtrotonic  current.  The  anelcctrotonic  and 
catelectrotonic  currents  ooatinua  a«  long  as  the  polariaing 
auirent  ia  maintMned. 
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trical  changes  around  the  poles  when  a  battery  current  is  leii 
into  a  nerve.  Wliether  the  physiolofjiml  and  the  elei'trk-ul  changes 
have  a  causal  connection  or  are  two  independent  phenomena  is 
at  present  undecided. 

Bethe*  has  recently  shown  that  during  the  passage  of  the  poTarizing  cur- 
rent the  neurofihriLs  in  "the  axis  cylinder  lose  at  the  anexle  their  jxiwer  of  rtain- 
i[ig  witli  certain  baisic  dyes  (<".  f/-,  nielhyleue  blue),  while  ut  the  withode  the 
atilnity  for  these  dyes  Ls  increasetl.  He  assunie»,  that  in  the  neurotiiirils  tliere 
Ls  an  arid  sulistauce — fibril  acid — and  that  at  tlie  anocle  tlie  comhinution 
•ritb  thia  bo<ly  and  the  neurofibrils  is  loosened ;  hence  the  loss  of  staining 
power.     At  the  cathode  the  reverse  change  take^  place.     He  assumes  further- 


Ft«.  60. — To  show  the  actioa  of  (he  core-iao<i«l:  p.  Tlio  x>aUrixinK  current;  a"  and 
m,  tbe  jpdvBnanwten  with  letuling  off  eleotrodea  to  detect  the  anetectrotutiio  and  cateleo* 
botoiue  eurrento,  ^eepccti^■ely. 


more,  that  when  the  affinity  between  neurofibril  and  fibril  acid  is  Increased 

>*r    the  cathode  an   electronegative  ion   is  Ufierated   (anion),  nliile  at  the 

•       le  at  the  lime  that  the  combination  iietweeit  fibril  and  fibril  acid  i!.s  di.s- 

■ '  ■■■ '   in  electropositive  ion  (cation)  is  liberal etl.     In  tliis  way  he  constructs 

,'?ais  of  a  complex  of  neurofibril,  fibril  acid,  aiitt  electroKie  which 

of  accounting  for  the  electrotonus,  both  u.s  regards  the  electrical  and 

IMP  physiological  plienomena,  and  which  refers  both  phenomena  to  a  single 

n-j^ition  in  the  ner\'e. 

.\jiOther  explanation  of  the  elertrnfonic  currents  which  has  lieen  much 
discussed  is  that  firsrt  deve1o[ied  by  Hermann. t  Tliis  author  constructed 
a  model  consisting  of  a  conductor  surrounded  by  a  le^s;  comhntivc  liquid 
ilMath,  and  showetl  that  such  a  model  is  capable  of  giving  the  electrotonic 
citmntM.  Tills  model  may  l>e  made  as  rtsprescntod  in  the  accompanying 
diagram,  of  a  glass  tube  A -fi,  through  the  middle  of  which  is  iiitrctehcd  a 
platiutim  wire,  P,  the  rest  of  the  tul*  being  fille<l  with  a  saturated  solufion 
of  nnr  sulphate.  The  gla<w  tuh>e  i.s  provided  with  vertical  branchas  by  mciuis 
cif  which  a  p»olarizing  current,  p,  can  I:*  sent  into  the  .solution  nf  ainc  rivdjihate 
and  the  electrotonio  currents  l>e  led  off  to  galvanonveicni,  ij'.  (/,  on 
aaeh  side.  Under  these  condition.*!  a  current  similar  to  the  anelectrotonic 
m  be  detected  on  the  side  of  the  ouode  (jj')  and  one  equivalent  to 
'  trcitonic  current  ou  the  .si^le  of  the  cathode  (g).  The  explunalion 
liese  currenUi  is  that  a.s  the  threads  of  current  pass  into  the  platiimm 
>'.  is  a  iKilarizalion  at  the  surface  l>etvveeij  the  core  and  the  zinc  sul- 
•iliou  wluih  extends  to  a  considerable  distance  on  each  side  of  the 
and  causes  diflusiou  currents  from  sheath  to  core.  It  is  these 
1  current  tluit  may  be  led  off  as  electrotonic  currents.  Hennarm 
I  that  in  the  ner\e  we  have  a  structure  essentially  similar  to  that 
re  model.  He  thought  that  the  axis  cylinder  might  lie  considered 
i-nting  the  core  and  the  myelin  the  less  conductive  sheatli  corre- 
l>i  the  xinc  Aulpliale  iwlution.    Others  (Boruttau)  have  suggeste«J  that 

•  Bethe,  "  .\llgemeine  Aaatomie  u.  Phy»iol.  dea  Nervensyslems,"  I.^-ip»ig, 
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f  Hemuinn,  "  Handbuch  der  Physiologie,"  vol.  ii,  p.  174. 
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the  neurofibrils  in  the  axis  cylinder  may  represent  the  core  or  cores  and  the  sur- 
rounding neuroplasm  the  sheath,  thus  providing  for  the  possibility  of  electro- 
tonic  currents  in  non-medullated  fibers.  As  a  matter  of  fact,  the  non-medul- 
lated  fibers  in  mammals  ^ve  very  slight  electrotonic  currents  compared  with 
the  medullated  fibers.* 

According  to  the  "cor&-model"  explanation,  the  electrotonic  currents 
represent  a  purely  physical  phenomenon^  which  is  dependent,  however,  upmi 
a  certain  structure  of"  the  nerve.  That  is,  a  completely  dead  nerve  will  not 
show  these  currents,  although  an  anesthetized  ner\'e,  in  the  mammal  (Waller) 
at  least,  continues  to  show  them,  and,  according  to  Sosnowsky,  excised  raiy- 
bits'  nerves  kept  in  a  moist  atmosphere  may  show  them  for  several  days. 
While  the  core-model  hypothesis  has  led  to  much  investigation  in  physiology 
and  has  been  made  the  basis  for  a  purely  physical  explanation  of  the  nerve 
impulse,  it  is  still  very  uncertain  whether  it  furnishes  any  pomtive  inforauk 
tion  concemine  the  processes  that  actually  take  place  in  the  living  nerve  when 
submitted  to  the  action  of  electrical  currents  or  other  artificial  stimuli. 
*  Alcock,  •'  Proceedings  Royal  Society,"  1904,  73,  p.  166. 
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CHAPTER  V. 


THE  NATURE  OF  THE  NERVE  IMPULSE  AND  THE 

NUTRITIVE  RELATIONS  OF  NERVE  FIBER 

AND  NERVE  CELL. 

The  question  of  the  imture  of  the  nerve  impulse  has  always 
juscd  the  deepest  interest  among  physiologists.  It  has  eonsti- 
iteil,  indeed,  a  central  question  around  wliich  have  revolved  vari- 
18  hypotheses  concerning  the  nature  of  living  matter.  The  impor- 
tance of  the  nerves  as  conductors  of  motion  and  sensation  was 
apparent  to  the  old  physiologists,  antl  tiie  nature  of  the  conduction 
or  the  thing  conducte<l  was  the  subject  of  many  hypotheses  and 
many  different  names.  For  mam'  years  the  jjrcvalent  view  was 
that  the  nerves  are  essentially  tubes  tlirough  which  flows  an  ex- 
ceedingly fine  matter,  of  the  nature  of  air  or  gas,  known  as  the 
animal  spirits.  Others  conceived  this  fluid  to  be  of  a  grosser  struc- 
ture like  water  and  described  it  as  the  nerve  jiuce.  With  Galvani'a 
discoverv'  of  electricity  the  nerve  principle,  as  it  was  called,  became 
identified  with  electricity,  and,  indeed,  this  \'iew,  as  will  be  ex- 
plained, occurs  in  modified  form  to-day.  Du  Bois-Reymond, 
after  discovering  the  deuiarcatioa  current  and  action  current  in 
_mui<:le  and  ner\'c,  formulated  an  hy]xjthesia  according  to  which  the 
*rv'e  fibers  contain  a  aeries  of  -electromotive  particles,  ami  by 
hypothesis  and  the  facts  upon  which  it  was  based  he  thought 
he  had  established  that  "hundred-year-old  dream"  of  phys- 
and  physiologists  of  the  identity  of  tlie  ncr\'e  principle 
electricity.  His  theorj'  to-day  has  fallen  into  disrepute^  but 
{acts  upon  which  it  was  based  remain,  as  before,  of  the  deejwst 
iportance.  In  the  middle  of  the  nineteenth  centun,'  thope  who 
not  convincetl  of  the  identity  of  the  nerve  principle  with 
sctricity  believed,  nevertheless,  that  the  process  of  conduetion 
the  nerve  is  a  phenomenon  of  an  order  comparable  to  the  trans- 
ssion  of  light  or  electricity,  with  a  velocity  so  great  as  to  defy 
irement.  But  in  this  same  period  a  simple  but  complete 
iment  by  Helmholtz  demonstratjcd  that  its  velocity  is,  as 
compared  with  Hght  or  with  electrical  conduction  through  the  air 
through  metab.  exceedingly  slow.  27  nieters  per  second. 
lodem  views  liave  taken  divergent  directions;  the  movement 
excitation  that  is  conducted  along  the  fil>er  has  Iieen  named 
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the  nerve  principle,  the  nerve  energy,  the  nerve  force,  the  nerve 
impulse.  As  the  latter  term  is  less  specific  regarding  the  nature 
of  the  movement,  antl  emphasizes  the  fact  of  the  conduction  of  an 
isolated  disturbance  or  puLse,  it  secni.s  preferable  to  employ  it 
until  a  more  satLsfacton'  pohition  of  its  nature  lias  been  rcached. 
The  Velocity  of  the  Nerve  Impulse. — The  determination  of 
the  velocity  of  the  nerve  impulse  was  first  made  by  Helmholtz* 
upon  the  motor  nerves  of  frogs.  His  exf)eriment  consisted  in 
stimulating  the  sciatic  nerve,  first,  near  its  ending  in  the  muscle 


Kig.  51.— RbmmtJ  te  show  the  method  of  estimatiQS  th*  velocity  of  the  nerv*  unpubs 
in  a  motor  nerve.  The  experiment  was  made  upon  a  nerve-muwile  preiwration  from  the 
frnn:.  the  contractions  brinK  recortleii  upnn  tbe  rapidly  moving  plate  of  m,  pendulum  myo- 
graph. Two  contractions  wem  ubtaineil,  the  finit  (a)  when  the  nerve  WM  «timul«t«id 
near  the  mu.<telc  the  second  (b)  when  the  nerve  w&siitLinulated  ati  far  an  possible  from  the 
miLK!le.  The  latent  period  of  the  iiecoiul  nintraotiun  wa.'^  lonfieTi  an  shown  by  tbe  dtntance 
between  the  eurvee  measured  on  the  Jino  r.  The  value  of  this  dutanoe  in  time  ia  obtained 
by  reference  to  tbe  record  of  a  lunini;  fork  vibralinK  100  tiine«  per  vwond,  which  ia  given 
on  tbe  lower  line.  In  the  experinieut  the  tr-nvth  of  a  tuninK  forV  wB\-e  (0.01  sec.)  waa  21 
mma..  the  dixtjince  )>etween  the  two  inu-witt.'ir  conirHPtinri'*  was  3.35  mms..  und  the  tlis- 
tano*  between  tbe  poiata  atimuiatod  upou  the  nerve  wii-s  40  ouna.  Uenc«  lite  velocity  i>f  the 
nerve  impulse  in  this  experitnentwa* 49  divided  by  (^Vfl'^  yj^)  or 30710 mm».  (3i>.7iem.) 
per  second. 

and,  second,  near  its  origin  from  the  cord,  and  mea.suring  the  time 
that  elapsed  in  each  case  lietwcen  the  moment  of  stimulation  antl 
the  moment  of  the  muscular  resjMnse.  It  was  found  that  when 
the  nerve  was  stimulated  at  its  far  end  this  time  interval  was 
longer,  and  since  all  other  oomUtions  remained  the  same  this  dif- 
ference in  time  coultl  only  l)e  due  to  the  interval  required  for  the 
nerve  impulse  to  travel  the  longer  stretch  of  nerve.     In  the  accom- 

*  Helmholtz,  "  -MuUer's  Archiv  f.  Anat.  u.  Physiol.,"  1852,  p.  199. 
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>anying  fipire  the  renord  of  a  laboratory  experiment  of  this  kind 

is  reproduced.     Knowing  the  difference  in  time  and  also  the  length 

of  nerve  between  the  points  stimulated,  the  data  are  at  liand  to 

calculate  the  velocity  of  the  imj>ulse.     The  velocity  varies  with  the 

tfemperature.     According  to  Helmholtz,  this  variation  lies  lietween 

24.6  and  3S.4ni.  per  second  for  a  range  of  temperature  between  11° 

and  21°  C.     For  average  room  temperatures  we  may  say  that  in 

the  motor  nerves  of  the  frog  the  impulse  travels  witli  a  velocity 

of  28  to  30  meters  per  second.     Similar  ex{>eriments  have  been 

made   upon   man  and  other   mammals.     Helmholtz  stimulated 

the  median  nerve  in  man  at  two  different  points  and  recorded 

|lhe  resulting  contractions  of  the  muscles  of  the  thumb.     By 

[this  means  he  obtained  an  average  velocity  of  34  m.  per  second, 

fjjiit,    others,  making   use  of  the   same    method,  have   reported 

[Varying  results.     Quite  recently  Piper*  has  applied  the  string- 

IgalvATometer   to   the   investigation  of  this   point.     Using   the 

mipolar  method,  he  stimulated  the  median  nerve  with  induction 

[shockB,  the  active  electrode  being  applied  at  the  elbow  and  at 

'11a  at  a  distance  apart  of  from   160  to   170  nun.       The 

ir  response   was   recorded   not   by   registering  the   con- 

[troiTtion,  but  by  means  of  its  action  current.    When  the  stimulus 

lynaJi  applied  at  the  elbow  the  interval  between  the  stimulation 

fund    the  electrical   response  averaged   0.00442  second;   at   the 

he  interval  was  0.00578  second.     The  difference,  namely. 

>  second,  gave  the  time  necessary  for  the  impulse  to  travel 

>ver  100  to  170  mm.  of  nerve,  and  indicated  a  velocity  of  117 

nJlSS  oi.  per  second. 

•'-t>stmK  to  recall  that  only  six  years  l)efore  IlelnJioItz's  first  pub- 
i^Be*'  "Ca  Muller  hail  stated  that  we  should  never  find  a  means  of 

dflte: ,.    lie  velocity  of  the  nerve  impube,  .since  it  would  Iw  iuiix)s»iible 

,  to  compare  ptntits  at  ereat  distances  apart,  a^  iu  the  ca.se  of  the  movement 
!  of  light.  "  Tlie  time,"  said  he,  "  required  for  the  transmission  of  a  sensation 
from  the  i><irit>hery  to  the  brain  and  tlie  return  refiex  movemertt.s  of  the  mus- 
cles is  inliaiteJy  .small  and  unmeasurablo."  The  mode  of  reasoning  by  which 
ihohi  was  led  to  douht  the  validity  of  this  assertion  is  interesting.  He 
("  Mijiier's  Archiv,"  1852,  3.'?0):  "As  long  as  physiologi.sts  thought  it 
r^aeost-ary  to  refer  nerve  artions  to  tlio  movement  of  an  imp<inderable  or 
psyrhical  principle,  it  must  have  appeared  im-redible  that  the  velority  of  tliia 
movement  could  be  mea.-«ure<l  within  tiie  ^liort  di^taiu'es  of  the  animal  body. 
At  prtecni  we  know  from  tiie  researches  of  du  Boia-Reymond  uj)on  the  electro- 
motive properties  of  nerves  tlmt  those  activities  by  mean.s  of  which  the  con- 
duction of  an  excitation  is  accompliiihed  are  in  reality  actually  conditioned 
by,or  at  lea.><t  closely  connected  with  an  alterevi  arrangement  of  their  material 
'  rlew.  Tljerefofe  conduction  in  nerx'cs  nrntit  telong  to  the  series  of  self- 
iting  reactions  of  ponderable  botlies,  such,  for  example,  as  the  con- 
ion  of  sound  in  the  air  or  elastic  structure^!,  or  the  combufition.<i  in  a  tub« 
filkil  with  ail  explosive  mixture."  One  of  the  first  fruits,  therefore,  of  the 
itific  investigation  of  the  electrical  projjerties  of  the ner^e  fiber  was  the 
^aieoy«ry  of  the  important  fact  of  the  velocity  of  the  nerve  impulse. 

•  Piper,  ••  Anriiiv  f.  d.  ges.  Phyaiologie."  190.S,  124,  oQL 
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Numerous  efforts  have  been  made  to  determine  the  velocit 
of  the  nerve  impulse  in  medidlated  sensory  fibers.  The  results 
have  not  been  entirely  BatLsfactory.  The  end-organ  in  this  case  is 
the  cortex  of  the  cerebrum,  and  its  reaction  consists  in  arousing  a 
sensation,  or  a  reflex  action.  Neither  end-reaction  can  be  meas- 
ured directly.  Attempts  have  been  made  to  determine  it  indi- 
rectly by  noting  the  time  of  a  voluntary'  muscle  response  for  sensory 
stimuli  applied  to  the  skin  at  dififerent  distances  from  the  spinal 
axis.  In  such  cases  the  sensory  impulse  travels  to  the  cord,  thence 
to  the  brain,  and  the  return  motor  impulse  travels  from  brain  to 
cord  and  then  by  the  motor  nerves  to  the  muscle  used  for  the  re- 
sponjse.  The  results  of  this  method  have  been  discordant,  owing 
probably  to  the  fact  that  the  central  paths  from  two  different  points 
on  the  skin  are  not  identical.  It  is  usually  assumed — without, 
however,  very  convincing  proof — -that  the  velocity  of  the  impulse 
in  the  medullated  afferent  nerve  fiJiers  is  the  same  as  in  the 
efferent  fibers.  A  large  number  of  observations  are  on  record 
which  show  that  the  velocity  varies  greatly  in  the  nerves  of 
different  animals.  In  the  nvammal,  according  to  Chauveau,  the 
velocity  for  the  non-medullated  fibers  is  only  S  meters  per  second; 
in  the  lobster  it  is  6  meters  per  second;  in  the  octopus,  2  meters; 
in  the  olfactory  (sensory)  nerve  of  the  pike,  f  meter,  and  in  the 
anodon,  only  t4^  meter  per  second. 

Relation  of  the  Nerve  Impulse  to  the  Wave  of  Ifegativity. — 
A  fact  of  great  significance  is  that  the  velocity  of  the  impulse  in  the 
motor  nerves  of  the  frog  corresponds  exactly  to  the  velocity  of  the 
wave  of  negativity  as  measured  by  Bernstein.  Evidentlj'  the  two 
phenomena  are  cohicidont  in  their  progress  along  the  fiber,  and 
physiologists  generally  have  accepted  the  existence  of  an  action  cur- 
rent as  a  proof  of  the  pa.ssage  of  a  nerve  impulse.  This  belief  is 
strengthened  by  the  fact  that,  as  stated  a(x>ve,  the  negative  wave  ac- 
companies the  nerve  impulse  not  only'  when  the  nen'c  is  stinuUated 
by  electrical  currents,  but  also  after  mechanical,  chemical,  or  reflex 
stimulation.  The  question  has  been  rai.sed  as  to  whether  this  elec- 
trical phenomenon  accompanies  the  normal  nerve  impulse,— that  is, 
the  nerve  impulse  that  originates  in  the  ner^'e  centers,  in  the  case 
of  motor  nerves,  or  in  the  peripheral  sense  organs  in  the  case  of  sen- 
eoT}'  nerves.  In  regard  to  the  latter  relation  we  have  positive  evi^ 
dence  that  when  light  falls  upon  the  living  retina  an  electrical  distur- 
bance is  produced  by  the  visible  rays  of  the  sJx^ctnml,*  and  there 
is  ever>'  reason  to  believe  that  the  passage  of  visual  impulses  along 
the  optic  nerve  is  accompanied  by  an  electrical  change.  With 
regard  to  normal  motor  impulses,  the  evidence  is  also  positive  that 
motor  discharges  from  the  central  nervous  system  are  accompanied 
♦Consult  Gotcti,  "  JournaJ  of  PliyBiology,"  31.  !.  1904. 
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>y  a  wave  of  electrical  potential.  This  fact  may  lie  shown  by 
stimulating  the  motor  ai-eas  in  the  cerebral  cortex  and  testing  the 
efferent  nerves,  such  as  the  sciatic,  for  an  action  current;  or  by 
stimulating  u  posterior  root  on  one  side  in  the  kimbar  region  and 
testing  the  sciatic  nerve  on  the  other  side  with  a  galvanometer.* 
Moreover,  all  influences  that  alter  the  velocity  or  strength  of  the 
ner>'e  impulse  affect  the  intensity  of  the  action  current  in  the  same 
manner.  It  is  believed  generally,  therefore,  that  the  electrical 
charge  is  an  invariable  accompaniment  of  the  exritator}-^  wave. 
•mi  the  demonstration  of  an  action  current  in  a  nerve  is  tantamount 
to  a  proof  of  the  passage  of  a  nerve  impulse. 

Direction  of  Conduction  in  the  Jferve. — The  fact  that  imder 
Dormal  conditions  the  motor  fibers  conduct  impulses  only  in  one 
direction — i.  e.,  toward  the  periphery — and  the  sensorj'  fibers  in 
the  opposite  direction — that  Is,  toward  the  nerve  center — suggests, 
of  course,  the  question  as  to  whether  the  direction  of  conduction  is 
conditioned  bj'  a  fundamental  difference  in  structure  in  the  two 
kinds  of  fibers.  No  such  difference  in  structure  has  been  revealed 
by  the  microscope,  although  in  two  respects  at  least  it  will  be  re- 
membered that  the  sensory  nerve  fibers  react  differently  from  the 
motor  fibers — namely,  in  the  fact  that  they  are  readily  stimulated 
by  high  temperatures  ami  that  during  the  passage  of  a  galvanic 
current  of  constant  strength  they  are  stimulated  continuously  in- 
stead of  only  at  the  oix-ning  or  closing  of  the  current.  These  latter 
differences,  however,  may  rast  simply  upon  a  difference  in  irrita- 
bility and  have  no  bearing  upon  the  question  in  hand.  It  is  the 
accepted  belief  in  physiology'  that  any  ner\'e  fiber  may  conduct  an 
impulse  in  both  directions,  and  does  so  conduct  its  impulses  when  the 
fiber  is  stimulated  in  the  middle  of  its  course.  An  ent  irely  satisfactory 
proof  for  this  belief  is  difficult  to  furnish  unless  the  conclusion  in 
the  preceding  para- 
graph is  admitted, 
—the  conclusion, 
Ikainely,  that  the 
eleetrical  cliange  is 
a  necessary  and  in- 
rarableaccompani- 
inent  of  the  nerve 
impulse.  It  is  not 
difficult  to  show  by 
means  of  a  galva- 
nometer that  when  a  nerve  trunk  is  stimulated  the  negative 
charge  spreads  in  both  directions  from  the  point  stimulaterl  and 

•Gotdi  ami   Horel^y,  "Phil.  Trans.,  Royal  Soc,"  London,  1891,  vol. 
Iffi  (B),  snd  Boruttau.  "  PflOger's  Atchiv,"  1901. 


Kig.  a2. — Schema  to  show  the  arraninnient  for  provinc 
the  nropa^tioD  of  the  negntiva  charge  in  both  diiticlions: 
a,  Tru9  stunulatinK  electroijea;  g  mad  a',  fpilvanometani 
with  leadini!  off  eMtctruiea  axnti)4|Ml  to  ahow  the  oegalive 
variation  on  each  aide. 
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gives  an  active  current  on  either  side,  as  indicated  in  the  accom- 
panying diagram.  This  fact  holds  true  for  motor  or  for  sensoiy 
fibers.  The  older  physiologists  attempted  to  settle  this  question 
in  a  more  direct  way,  but  by  methods  which  later  experiments 
have  proved  to  be  insufficient.  They  attempted,  for  instance,  to 
unite  a  motor  and  sensory  trunk  directly,  to  cut  the  hyp>oglossaI 
(motor)  and  the  lingual  {sensory)  and  suture,  say,  the  central  stump 
of  the  lingual  to  the  peripheral  stump  of  the  hypoglossal.  If  stimu- 
lation of  this  latter  tnmk,  after  union  had  been  established,  gave 
signs  of  sensation  it  was  eon.sidered  as  proof  that  the  efferent  hypo- 
glossal fibers  were  now  conduct  ing  afferently.  We  now  know  that  in 
such  a  case  the  old  hypoglossal  fibers  degenerate  completely,  and 
the  new  ones  that  are  eventually  formed  in  their  place  are  out- 
growths from  the  lingual  stump,  or  at  least  are  not  the  old  efferent 
fibers,  and  hence  experiments  of  this  kind  are  not  so  conclusive 
as  they  seemed  to  lye  at  the  lime  when  it  was  supposed  that  severed 
nerve  fibers  can  unite  immediately,  by  first  intention,  without 
previous  degeneration.  A  similar  objection  applies  to  Paul  Bert's 
often  quoted  experiment.  Bert  implanted  the  tip  of  a  rat's  tail 
into  the  skin  of  its  back.  After  union  had  taken  place  the  tail 
was  severed  at  the  base,  and  the  stump  now  attached  to  the  back 
was  tested  from  time  to  time  as  to  its  sensibility.  Sensation 
returned  slowly.  At  fir-st  it  was  indefinite,  but  by  the  end  of  a 
year  was  apparently  normal. 

Modification  of  the  Nerve  Impulse  by  Various  Influences — 
Narcosis^Temperature. — The  strength  of  the  impulse  and  its 
velocity  may  be  modified  in  various  ways:  by  the  action  of 
temperature,  narcotics,  jiressure,  etc.  \'ariations  of  tempera- 
ture, as  stateil  bcjfore,  change  the  velocity  of  propagation  of  the 
impulse,  the  velocity  increasing  with  a  rise  of  teniperature  up 
to  a  certain  point.  S<i  alsu  the  irritability  as  well  as  the  con- 
ductivity of  the  nerve  fiber  is  influenced  markedly  by  tem- 
perature. If  a  small  area  of  a  nerve  trunk  be  cooled  or  heated, 
the  nerve  impulse  as  it  pas.ses  through  this  area  nmy  be  increased 
or  ded'eitsed  in  stretigtii  or  nmy  lie  blocked  entirely.  Different 
fibers  slmw  somewhat  different  reantions  in  this  resjioct;  but, 
speaking  generally,  the  limits  of  conductivity  in  reJation  to 
tem{K>rature  lie  between  0°  C.  and  50°  C.  Cooling  a  nerve  to 
0°  C.  will  in  niiost  Ciises  suspend  the  conductivity,  but  this 
function  returns  promptly  upon  warming.*  By  this  means 
we  can  blin-k  the  nerve  irnjml.scs  in  a  nerve  trunk  for  any  desired 
length  of  time.  The  exact  relationship  between  the  temperature 
of  the  nerve  and  the  velocity  of  the  impul.se  has  been  studied 
refully  with  the  object  of  determining  the  temperature  coeji- 
*  Howell,  Builgftt,  autl  Leonard,  "Journal  of  riiysiology, "  16,  298,  1S94. 
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ct^fi^  It  has  been  shown  by  van't  Huff  that  the  velocity  of 
chemical  reactions  is  increasect  twofohl  or  more  fur  each  rise  of 
10  de^ees  in  temperature,  that  is,  the  temperature  coefficient 
for  chemical  reactions  lies  between  2  arul  ;i.  On  the  nther  liand, 
with  most  physical  processes  the  temperature  coefhcient  Utr  the 
same  range  of  temperature  lies  around  1  or  between  1  and 
2.  Snyder*  finds,  on  comparing  the  velocities  of  the  impulse 
«t  different  tem{>eratures,  that  they  fullmv  van't  HoflF's  luw  for 
chemical  reactions,  that  is.  the  velocity  is  approximately  doubled 
by  a  rise  of  10°  C.  in  temperature  within  physioloja;ical  lijnits^ 

or,  expressed  in  more  general  terms,  — -, — t~     ^  t"     '"'  =  -•     This 
'       '^  **  '  velocity  at  Jn 

effect  of  temperature  on  the  velocity  of  the  impulse  is  shown 

graphically  in  Fig.  53.    Anesthetics  and  narcotics,!  such  as  ether, 


F»«    Wl. — Fiiptro  tnnhow  the  «fT«ipt  of  temperature  on  the  velocity  of  the  nerve  impulse, 
rV  '^M  r«)ntrartinn»  of  the  BastrocTi^fniii*  w*r*  rerorrfinl,  (jne  wlien  tlie 

-<•  to  Ihn  niu-irlc,  niie  whpn  it  wo.'  !*liiiiultil<>il  furllu'i  away  i44  iiiiii.l. 
'•••twi-rii  tlie  Clin**  as  tlipv  fine  can  Vx-  e!iprw»Re<l  in  time  by  rpfrr- 
'       imriii  I'iiX)  pfr  s^cmul)  jfivpii  b«?liiw.      K<ir  inlprval*  of  10°  C. 
'V.  a-H  ihdipflte<l  by  the  reoprocaN  of  llie  <li»laneM  between 
I  I'oelfii-iciit  of  two. —  iSnytlvr.) 


hloroform,  cocain,  chloral,  phenol,  alcohol,  etc.,  may  be  appliecf 
>cttlly  lo  a  nerve  trunk,  and  if  the  api)lic;ition  is  made  with  care 
je  conductivity  ant!  irritability  may  be  lesscnetl  or  suspended 
itirely  at  that  point,  tt>  be  restored  again  when  the  narcotic 
removed.  It  is  an  interesting  fact  that  the  conductivity  of 
»e  nerve  may  be  su.spended  also  by  deprivation  of  oxygen. t — 
lat  is.  by  local  suffocation  or  aspliyxia.  A  nerve  fiber  sur- 
>unded  by  an  oxygen-free  atmospliere  will  sjtnvly  lose  its 
)nductivity,  and  this  property  will  be  rejitored  jtromptly  up<in 
>e  a<lmis8ion  of  oxygen.  Compression  of  a  nerve  will  also 
Suspend    its    conductivity    without    permanently    injuring    the 

•Snvdw.  " American  Journal  of  Physiology,"  22,   17»,   11K)8. 
t  Frthlich.  'Zoitwlirift  f  (illeemeine  Physiol.,"  3,  75,  1903. 
J  BiMfyfT*.  ibUL,  2,  UW,  Ul03. 
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fibers,  provided  the  pressure  is  properly  graduated,  ijastiy, 
aa  was  explained  in  a  preceding  chapter,  the  conductivity  of  the 
nerve  may  be  increased  or  decreased  or  suspended  entirely  by  the 
action  of  a  galvanic  (polarizing)  current.  This  method  of  sus- 
pending comluetivity  temporarily  has  been  frequently  employed 
for  experimental  purposes,  the  arrangement  being  as  represented 
in  Fig.  54. 

The    Question  of   Fati^e    of   Nerve  Fibera.^An  important 
question  in  connection  with  the  nature  of  the  ner\'e  impulse  has 

been  that  of  the  suscep- 
tibility of  the  ncr\'e  fibers 
to  fatigue.  The  obvious 
fatigue  of  muscles  and 
of  nerve  centers  has  b€«n 
referred  to  the  accumula- 
tion of  the  products  of 
metabolism  of  their  tis- 
sues or  to  the  actual 
consumption  of  the  en- 
ergy-yielding material  in 
them.  Functional  activ- 
ity in  these  tissues  im- 
plies the  breaking  down 
of  complex  organic  material  (catabolism)  and  the  setting  free 
of  the  so-called  chemical  energ>'.  The  potential, chemical  or  internal 
energy  of  the  compound  is  liberated  as  kinetic  energy  of  heat,  etc. 
It  has  been  accepted,  therefore,  that,  if  the  nerve  fiber  could  be 
demonstrated  to  show  fatigue  as  a  result  of  f\mctional  ac-tivity, 
this  fact  would  be  probable  proof  that  the  conduction  of  the  im- 
pulse is  associated  with  a  chemical  change  of  a  catabolic  nature  in 
the  substance  of  the  fiber.  Experimental  work,  however,  has 
shown  that  under  normal  conditions  the  nerve  fiber  shows  no 
fatigue.  The  experiments  made  upon  this  point  have  been  nu- 
merous and  varied.  The  general  idea  underlying  all  of  them  has 
been  to  stimulate  the  nerve  continuously,  but  to  interpose  a  block 
somewhere  along  the  cour.se  of  the  nerve  so  that  the  impulaea  should 
not  reach  the  end-organ.  This  precaution  is  necessary  ])ecause 
the  end-organ— muscle^  gland,  etc. — is  subject  to  fatigue,  and 
must  therefore  be  protected  from  constant  activity.  From  time 
to  time  or  at  the  end  of  a  long  period  of  stimulation  the  block  is 
removed  and  it  is  notcil  whether  or  not  the  end-organ — for  in- 
stance, the  muscle — gives  signs  of  a  stimulation.  The  removable 
block  has  been  obtained  by  the  action  of  a  jwlarizing  current,  by 
cold,  by  narcotics,  by  curare,  etc.     Using  curare,  for  instance, 


Fig.  54. — Schema  to  show  tha  tnetlinfl  of  block- 
ing (he  nerve  impulae  by  noeans  of  u  polarizinti  cur- 
rent: a.  The  Rtiniululiiii;  elentrcHle-i^  b,  the  battery, 
the  ourretit  of  v*  hicli  Li  let  I  into  the  nerve.  The  ilfl- 
preawd  irritability  at  both  unrxle,  +,  anvl  caChoilo,  — , 
prevenU  the  ticn-e  imputM  Blii.rtocl  at  a  Irom  rcacninir 
tha  nmaclo. 
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Bowditch*  found  that  the  sciatic  nerve  might  be  stimulated  contiiiu- 
ously  by  induction  shocks  for  several  (four  to  five)  hours  without 
complete  fatigue,  since  as  the  curare  effect  wore  off  the  muscle 
whose  contractions  were  being  recorded  (M.  tibialis  ant.)  began 
to  respond,  at  first  with  single  and  finally  with  tetanic  contractions. 
The  curare  in  this  case  may  be  supposed  to  have  blocked  the  nerve 
impulse  at  the  motor  cnd-plate  and  thus  protected  the  muscle 
from  responding  until  the  lapse  of  several  hours,  although  the 
nerve  was  under  stimulation  during  this  entire  time.  This 
experiment  has  since  been  repeateil  by  Durig,t  who  hajs  made  use 
of  the  fact  that  the  effects  of  curare  can  be  romovefl  within  a  few 
minutes  by  the  salicylate  of  physostigmin.  Durig  stimulated  the 
ner\*e  for  as  much  as  ten  hours  and  then  ypon  removing  t!ie  curare 
block  found  from  the  contraction  of  the  muscle  that  the  nerve 
was  still  conducting.  E<l('st  and  others  have  shown  that  the 
aame  result  is  obtained  when  the  nerve  is  tested  by  a  capillar.' 
electrometer  instead  of  by  the  re.spon.se  of  an  end-organ.     Under 

^6Uch  conditions  the  ncn'e  exhibits  an  unrlimiiushcd  action  cur- 
rent, although  constantly  stimulated  by  tctanizing  shocks  from  an 
induction  apparatus.     BrcKlie  and  Halliburton  §  have  found  that 

f  the  non-medu Hated  fibers  in  the  splenic  nen'e  can  also  be  stimulated 
for  many  hours  without  losing  their  power  of  condiu'tion, — that 
ia,  without  showing  fatigue.  Many  otlier  observers  liave  obtained 
similar  results,  which  have  confirmed  physiologists  in  the  belief 
that  the  nerve  fibers  may  conduct  im|nilsfs  imlefinitely,  or,  in 
other  words,  that  their  normal  functional  activity  may  V.>e  carried 
on  continuously  without  fatigiie.  If  this  Itelief  is  entirely  correct 
it  would  place  the  nerve  fibers  in  a  cla.ss  by  themselves,  since  all 
other  tissues  that  have  been  studied  show  evidence  of  fatigue  when 
krpt  in  continuous  functional  activity.  Moreover,  if  this  belief  is 
entirely  correct  it  would  imply  that  the  conduction  of  an  impulse 
in  the  nerve  fiber  i.s  not  a.s.sociatod  with  a  consumption  of  material, 
a  metabolism,  and  in  tliis  respect  also  the  functional  activity  of 
the  nerve  would  be  placeil  in  contrast  with  that  of  other  organs. 
It  must  Ije  remcml>cretl,  however,  that,  altliough  the  al)ove  ex- 
periments demonstrate  the  practical  "  unfatigueablcucss "  of 
nerve  filjcrs  under  ordinarj'  condition?*  of  stimulation,  there  are 
some  reasons  to  make  us  hesitate  in  supposing  that  in  these 
structures  functional  activity  is  entirely  without  a  depressing 
effect  upon  irritability.  In  the  first  place  it  has  bron  shown  that 
the  nerve  exhibits  the  phenomenon  of  a  "refractory  jKTiod." 
That  is  to  aay,  for  a  certain  brief  interval  after  stimulation  it  is 

•  B«»wditoli.  "  J(juriiul  of  Phvsioloffv,"  6,  133,  1SR5. 
t  I)im«,  "OntrnlhUtt  f.  Phy.sinl.,^  1.5,  T.Sl.  1902. 

VaU*,  "Joiirniil  of  Phy.sioh •«>',"  13,  4:i1.  1S<>2. 

Brodic  and  IljiUiburton,  "  Joiirnjil  of  PhysioluK>,"  28,  181,  1902. 


120 


THE    PHYSIOLOGY    OF    MUSCLE    AND    NERVE 


in  a  non-irritable  condition.  If  two  stimuli  he  ai>plied  to  a  nerve 
with  a  very  brief  interval  between  ((J. 006  sec.  or  leas,  aceording 
to  the  temperature),  the  second  stituulus  is  iucflfective  so  far  as 
can  be  determined  by  tlie  response  of  an  attached  muscle  or  by 
means  of  a  capillary  electrometer.*  It  may  very  well  ?je  that 
in  this  case  the  lack  of  response  to  the  .lecoud  stimulus  is  due  to 
a  short-lasting  fatigue  from  the  first  stimulus.  This  point  of 
view  is  strengthened  by  the  fact  that,  when  the  irritability  of 
the  nerve  is  greatly  dcpres.sod  !>y  narcotics,!  this  critical  interval 
is  much  lengthened;  two  stimuli  with  a  rate  of  more  than  H)  per 
second  may  jcive  an  effect  only  for  the  first  stimulus,  and,  indeed, 
in  a  nerve  treated  witli  yohirabiu  the  refractory  periotl  may  ext.end 
over  two  seconds  (Tait).  Garten  has  shown,  that  one  nerve,  the 
olfactory  of  the  pike,  when  stimulated  by  imluotion  shocks,  with 
an  interval  between  the  stimuli  of  as  much  as  0.27  sec.,  gives 
evidence  of  fatigue,  since  its  action  current,  as  measured  by  the 
capillary  electrometer,  dimiriiBhes  in  extent  quite  rapidly,  and 
recovers  after  a  short  rest.|  So  also  it  has  been  found  that  while 
a  nerve  deprived  of  oxygen,  by  keeping  it  in  an  atmosphere  of 
nitrogen,  loses  its  irritability  after  a  certain  time,  this  event  occurs 
much  more  rapidly  if  the  nerve  is  stimulated  constantly. §  This 
fact  would  suggest  that  some  oxygen  is  consumed  during  functitmal 
activity,  and  that  the  ability  of  the  nerve  under  normal  circum- 
stances to  escape  the  results  of  fatigue  may  be  rlue  jwssibly  to  the 
fact  that  the  supply  of  oxygen  is  sufficiently  abundant  to  oxidize 
promptly  the  fatigue  substances  formed  during  activity. 

Does  the  Nerve  Fiber  Show  Any  Evidence  of  Metabolism 
During  Functional  Activity? — The  functional  jiart  of  a  nerve 
fiber  in  conduction  is  the  axis  cylinder,  and,  indeetJ,  probably  the 
neurofibrils  in  the  axis  cylinder.  The  mass  of  this  material,  even 
in  a  large  nerve  trunk,  is  small  (al«out  9  i>er  cent.),  and  its  chemistry 
is  but  little  known.  The  efforts  that  have  been  made  to  prove  a 
metabolism  in  the  nerve  fil>er  during  activity  have  been  directed 
along  the  lines  indicated  by  what  is  known  of  muscle  metabolism. 
In  a  muscle  during  contraction  heat  is  produced,  the  substance  of 
the  muscle  shows  an  acid  reaction,  and  among  the  products  formed 
carbon  tlioxid  gas  is  perhaps  the  most  prominent .  Efforts  to  show 
similar  reactions  in  stimulated  nerves  have  been  unsuccessful.  Rol- 
lestonll  investigated  the  question  of  heat  production  with  the  aid  of 
a  delicate  bolometer  capable  of  indicating  a  iliRerence  of  tempera- 

•Gotch  and  Riirch,  "Jourmtl  of  Physiologv,"  24,  410,  1K99. 
t  Frohlich,  "Zfit«chrift  f.  [Ulg«mejnp  Physiol.,"  3,  468,  1904. 
t  (iuoteii  from  Hietlt-nnunn,  "  ErnebnJatw.'  dcr  PLvsiologie,"  vol.  ii,  part  ii, 
p.  129. 

i,  Thomer,  "Zeitschriff  f.  ftllij.  Phvsiologio,"  R,  .'i.'JO,  IMft. 
;i  Rolleaton,  "  Jounial  of   PhvsioloRj',"  11,  208,  1890. 
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I**  C.  The  frog's  sciatic  wiu!  ustcE,  but  no  increase 
luring  stimulation  coultl  be  denionstrated.  No 
change  in  reaction  can  be  obtained  by  means  of  the  usual  indicators 
r  acidity.  Waller  has  given  some  experiments  to  slxow  that  car- 
n  dioxid  is  produced  during  activity,  but  they  are  far  from  being 
iusive.  His  line  of  argument  is  ai>  follows:  He  has  founti  that 
iM^ion  current  of  a  nerve  that  is  Ixi-ing  stimulated  is  increased  by 
e  presence  of  very  slight  amounts  of  carbon  dioxid,  higher  percent- 
causing  again  naturally  a  decrease.  This  reaction  for  the  pres- 
of  rarl)on  dioxid  is  ai>parently  a  ven,'  tlelicate  one.  When  now 
a  normal  nerve  is  stimulated,  its  action  current  after  some  minutes 
of  tetanic  stimulation  is  increased  in  the  same  way  as  would 
happen  if  a  little  carbon  dioxid  was  passed  over  it.  He  con- 
siders that  this  temporan'  increase  in  the  action  current  is  due 
to  the  formation  of  carbon  dioxid  from  a  functional  metabolism. 
More  positive  evidence  for  the  occurrence  of  a  nerve  metabolism 
uring  activity  is  found  in  the  fact,  already  alluded  to,  that 
ygen  plays  a  part  in  maintaining  the  irritability  of  nerves. 
An  excised  frog'.s  nerve  loses  its  irritability  in  an  atnuisplicrc 
ieprive«l  of  oxygen  and  regains  it  pniinntly  when  oxygen  is 
;ain  supplied.  When  stinnilated  in  an  atmosphere  free  from 
ygen  the  nerve  shows  signs  of  fatigue,  while  in  the  presence  of 
ygcn  activity  is  maintained,  one  may  say  indehnitely,  under 
Dtinuous  stimulation.  These  facts  warrant  the  lielicf  that 
ygcn  is  u.sed  by  the  nerve  tluring  activity,  and  presumably  it 
used  in  this  as  in  the  other  tissues  to  produce  physiological 
dations.  .^n  additional  fact  which  points  in  the  same 
ection  is  the  high  value  of  the  temi)erature  coefficient  for 
ve  conduction,  which  has  been  referred  to  above.  Bearing 
two  general  considerations  in  mind,  we  can  hardly  escape 
p  conviction  that  the  functi<inal  activity  of  the  nerve  fiber  is 
nnected  with  a  chemical  reaction  of  some  kind,  most  probably  a 
action  in  whi(!h  some  material  in  the  nerve  undergoes  oxidation. 
Views  as  to  the  Nature  of  the  Nerve  Impulse. — The  older  con- 
ions  nf  the  nerve  principle,  while  they  varied  in  detail,  were 
U]x>n  the  general  itiea  that  the  nervous  system  contains  a 
mitter  of  a  finer  sort  than  that  visil>le  to  our  senses.  This  matter 
waa  pictured  at  tirst  as  a  spirit  {animal  spirits),  ami  later  as  a  mate- 
rial comparable  to  the  luminiferous  ether  or  to  electricity.  Since 
le  discovery  that  the  nerve  impulse  travels  with  a  relatively  slow 
loctty  ami  is  accompanietl  Vjy  a  demonstrable  change  in  the 
condition  of  the  nerve,  many  flifferent  views  regarding 
nature  have  been  proposed.  In  discussing  the  matter  it  is 
dent  that  two  perhaps  different  plienomena  have  to  be  consid- 
lely,  the  act  of  excitation  by  natural  or  artificial  stimuli 
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and  the  act  of  propagation  or  conduction.  Formerly,  it  was  held 
in  a  general  way  that  the  nerve  impulse  depends  upon  the  breaking 
down  of  some  unstable  substance  within  the  axis  cylinder.  It  was 
assumed  that  this  senHitive  arul  utistalile  material  Is  upset  by  the 
energy  of  the  ntimulus  at  the  point  stimulated,  and  that  the  energy 
thus  liberated  acts  upon  contiguous  particles,  and  so  the  disturb- 
ance is  propagated  along  the  nerve  as  a  progressive  chemical 
change  wliich  in  a  very  geiieral  way  n\ay  be  c^ompared  to  the  pas- 
sag<'  of  a  spark  alurig  a  line  of  guiifKiwder.  A  fundaniftitul  6\>- 
jection  to  such  a  view  is  the  absence  of  ]iroof  regarding  the  con- 
sumption of  material  in  a  nerve  during  activity,  as  has  been  ex- 
plaine<i  in  the  preceding  sections.  Quite  the  opposite  [X)int  of 
view  has  also  been  held,  namely,  the  idea  that  the  nerve  impulse 
is  a  piirely  jihysicai  process,  which  involves  no  chemical  change 
and  no  using  up  of  material.  Various  suggestions  have  lieen 
oflfered  as  to  the  character  of  this  physical  change,  liut  the  one  that 
is  {M'rhaps  most  worthy  of  consideration  iilentifies  the  nerve  im- 
pulse with  the  negative  electrical  charge  that  is  known  to  pass 
along  the  fiber.  It  is  a.H8umed  that  this  electrical  charge  coasti- 
tutes  the  nerve  impulse,  and  to  explain  its  occurrence  and  propaga- 
tion from  a  physical  standpoint  it  has  bren  suppased  that  the 
nerve  fiber  has  a  structure  essentially  similar  to  the  '^  core  comluc- 
tor  "  (s<>e  p.  109),  in  that  it  contains  a  central  thread  surrounded!  by 
a  liquifl  sheath  of  less  conducti%'e  mat*^rial.  The  central  thread 
may  be  suppose<l  to  be  the  axis  cylinder  and  the  less  conductive 
sheath  the  surrounding  myelin,  or,  jKrhaps,  to  follow  another  sug- 
gestiim  t  hat  fits  the  non-meduUated  a'*  well  as  the  niedullatetl  filn^rs, 
the  central  threads  are  represented  by  the  neurofibrils  within  the 
axis  cylinder  and  the  surrounding  sheath  by  the  perifibrillar 
substance.  That  the  axis  cylinder  i.«i  a  better  conductor  than 
the  myelin  sheath  hiis  been  indicated  by  the  microchemical 
researches  of  Macallutn.  This  observer  lias  shown  that  in  the 
axis  cylinder  the  chlorids  exist  in  greater  concentrati4m  than  in 
the  surrounding  sheath.*  The  p<iint  of  importance  is  that,  with 
a  core  model  (sen  Fig.  50),  consisting  of  a  glass  tube  with  a  core 
of  platinum  wire  and  a  sheath  of  solution  of  sodium  cidorid, 
0.6  per  cent.,  electrical  phenomena  can  be  obtained  similar  to 
those  shown  by  the  stimulated  nerve.  If  an  induction  current, 
serving  as  a  stinaulus,  is  sent  into  one  end  of  such  an  artificial 
nerve  and  from  the  other  end  two  leading  off  electrodes  are 
connected  with  a  galvanometer,  then  we  can  demonstrate  by 
means  of  the  galvanometer  that  an  electrical  charge  is  propagated 
along  the  model  at  each  application  of  the  stimulus.  And,  as 
such  a  moving  electrical  disturbance  is  the  only  objective 
*  MacaHum,  "  Procectlings  of  the  Royal  Society,"  1906,  B.  Ixxvii.,  16,5. 
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phenomenon  known  to  occur  in  the  stimulated  nerve,  it  has  t>een 
assumed  that  it  constitutes  the  nerve  impulse.  When  this 
electrical  disturbance  reaches  the  end-organ, — the  muscle,  for 
in»tanee, — it  initiates  the  chemical  changes  that  characterize 
the  activity  of  the  organ.  This  kind  of  theory  makes  the  nerve 
impulse  an  electrical  phenomenon,  and  aatsumes  that  the  nerve 
fibers  have  become  differentiated  to  form  a  specific  kind  of 
conductor,  the  eflHciency  of  which  depends  upon  its  having  a 
structure  similar  to  that  of  a  "  core  conductor."  Other  theories 
of  a  physico-chemical  character  have  been  proposed  especially 
to  explain  the  initial  excitation  caused  by  a  stimulus  ami  the 
electrical  phenomena  re.sponsible  for  the  action  current.  Nemst 
has  supposed  that  the  etectrcjlytes  containeti  in  the  *L\is  cylinder 
lie  within  membranou.s  partitions  which  are  inipormeal>to  to  the 
passage  of  certain  ions.  When  an  electrical  current  is  pa.ssed 
through  a  nerve,  it  is  conveyed  of  course  by  the  dissociated  elec- 
trolj'tes,  and  in  con>sequeiice  of  the  impermeable  character  of  the 
septa,  there  will  be  a  concentration  of  positively  charged  ions  at 
one  face  of  the  membranes  and  of  negatively  charged  ions  at  the 
other.  When  the  concentration  of  the  ions  reaches  a  certain  point, 
excitation  occurs.  The  nature  of  the  excitation  unrler  .such 
circumstances  has  be<'n  further  imagintxl  by  Hill,  who  suggests 
that  some  sensitive  substance,  presumalily  a  colloid,  exists  in  the 
nerve  in  combination  with  certain  ions.  This  combination  is  in 
an  unstable  or  critical  state,  and  whenj  in  consequence  of  a  stimulus 
of  any  kind,  the  concentration  of  ions  in  combination  with  it  is 
increased,  it  breaks  down  and  this  act  constitutes  the  excitation, 
which  is  then  propjigated  along  the  nerve.  Tliis  author  has 
treated  his  assumption  mathematically  to  ascertain  how  far  it 
accords  with  the  known  facts  of  the  stimulation  of  ner\'es  with 
dectrical  currents.  It  should  be  added  that  these  and,  indeed, 
all  specific  theories  of  the  nature  of  the  nerve  impulse  are,  at 
present,  matters  for  discussion  and  experiment  among  specialists. 
We  are  far  from  having  an  explanation  of  the  nerve  impulse 
resting  upon  such  an  experimental  basis  as  to  command  general 
acceptance.* 

Qualitative  Differences  in  Nerve  Impulses  and  Doctrine  of  Spe- 
cific Nerve  Energies. — Whether  or  not  the  ner\-e  impulses  in  vari- 
ous nerve  fibers  differ  in  kind  is  a  question  of  great  interest  in  physi- 
olog)'.  The  usually  accepted  view  is  that  they  are  identical  in 
character  in  all  fibers  and  varj'  only  in  intensity.  According  to 
this  view,  a  sensory  nerve — the  auditory  nerve,  for  instance — car- 

•  For  a  8\immary  of  th*-  lifrriilurc  upon  lh«"  nature  of  the  ner\'o  impulse 
conaiilt   Borutt.HU,  "Zfil,  f.  alln-  Phyi»inlogif-,"   I,   i,  .'^arltrIK■l^c■foraU■,   i'.K>2; 
Birdrniintm,   "Ergebnisse  rlor  Physiologic,"  vul.   ii,  part    ii,   lfl<)3;  Ilcrinn!. 
"Zur  Throrie  dor  NirventhaliKkint,"   1899;  Hill,   ".lournul  of  Physiologj', 
40    JOO,  1<)10,  ftiul  I.M.-iM,  ilji.l.  p.  22i 
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ries  impulses  similar  in  character  to  those  passing  along  a  motor 
ner\'e,  antl  the  reason  that  in  one  case  we  get  a  sensation  of  bearing 
and  in  the  other  a  contraction  of  a  muscle  is  foimd  in  the  manner 
of  ending  of  the  nerve,  one  terminating  in  a  special  part  of  the  cortex 
of  the  cerebmm,  the  other  in  a  muscle.  From  this  standpoint 
the  nerve  filxjrs  may  be  compared  to  electrical  wires.  The  current 
conduct-eel  by  the  wires  is  similar  in  all  cases,  but  may  give  rise  to 
verv'  different  effects  according  to  the  way  in  which  the  wires  ter- 
rmnate,  whether  in  an  e.vplo?ive  mixture,  an  are  light,  or  solutions 
of  electrolytes  of  various  kinds.  We  have  in  physiology  what  is 
known  as  the  doctrine  of  specific  nerve  energies,  first  formulated 
by  Johannes  Miiller.  This  doctrine  expresses  the  fact  that  nerve 
fibers  when  .stimulated  give  only  one  kind  of  reaction,  whether 
motor  or  sen.sory,  no  matter  in  what  way  they  may  be  stimulated. 
The  optic  nerve,  for  instance,  gives  us  a  sensation  of  light,  usually 
becau.se  light  waves  fall  on  the  retina  and  thus  stimulate  the  optic 
nerve.  But  if  we  apply  other  fonns  of  stimulation  to  the  nerve 
they  will  also,  if  effective,  give  a  sensation  of  light.  Cutting  the 
optic  nerve  or  stimulating  it  with  electrical  currents  gives  visual 
sensations.  On  the  identity  theory  of  the  nerve  impulses  the 
specific  energies  of  the  various  nerves— that  is,  the  fact  that  each 
gives  only  one  kind  of  response — is  referred  entirely  to  the  charac- 
teristics of  the  tissue  in  which  the  fibers  end.  If,  as  has  been  said, 
one  coukl  successfuliy  attach  the  optic  nerve  to  the  ear  and  the 
auditory  nerve  to  the  retina  then  we  should  see  the  thunder  and 
hear  the  lightning. 

The  alternative  theory  supposes  that  nerve  impulses  are  not 
identical  in  different  fibers,  but  vary  in  cjuaUty  as  well  as  intensity, 
and  that  the  specific  energies  of  the  various  fibers  depend  in  part  at 
least  on  the  character  of  the  impulses  that  they  transmit.  On 
this  theory  one  might  speak  of  \'isual  impulses  in  the  optic  ner\-e8 
as  something  different  in  kind  from  the  auditors-  impulses  in  the 
auditory  fibers.  With  our  present  methods  of  investigation  the 
question  is  one  that  can  not  be  definitely  decided  by  experimental 
investigation ;  most  of  the  discussion  turns  upon  the  applicability 
of  the  doctrine  to  the  explanation  of  various  conscious  reactions 
of  the  sensory  nerves. 

So  far  as  experimental  work  has  been  carried  out  on  efferent 
ner\'es,  it  is  undoubtedly  in  favor  of  the  identity  theory.  The 
action  current  is  similar  in  all  nerves  examined;  the  reactions  to 
artificial  stimuli  are  essentially  similnr.  Moreover,  ner\'es  of 
one  kind  may  be  sutured  to  nerves  of  another  kind,  and,  after  re- 
generation has  taken  place,  the  reactions  are  found  to  be  deter- 
mined snlcly  by  the  place  of  ending  (see  p,  82). 

The  Nutritive  Relations  of  the  Nerve  Fiber  and  Nerve  Cell. 
— In  recent  times  in  accordance  with  the  so-called  neuron  doctrine 
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(spp  p.  130)  ever>'  axis  cylinder  has  been  considered  as  a  process  of 
a  nerve  cell,  and  therefore  aa  a  part,  morphologically  speaking,  of 
that  cell.  However  this  may  be,  there  is  excellent  experimental 
evidence  to  show  that  the  physiological  integrity  of  the  axis  cylinder 
depends  upon  its  connection  with  its  corresponding  nerve  cell.  This 
\'iew  dates  from  the  uiteresting  work  of  Waller,*  who  showed  that 
if  a  ner\-e  be  severed  the  peripheral  stump,  containing  the  axis  cyl- 
inders that  are  cut  off  from  the  cells,  will  degenerate  in  a  few  days. 
The  process  of  degeneration  brought  about  in  this  way  is  known 
as  secondary  or  VVallerian  degeneration.  The  central  stump,  on 
the  contrary,  remains  intact,  except  for  a  short  region  immediately 
contiguous  to  the  wound,  for  a  relatively  long  f)eriod,  extending 
perhaps  over  ye^rs.  Waller,  therefore,  spoke  of  the  nerve  cells  as 
forming  the  nutritive  centers  for  the  nerve  fibers,  and  this  belief 
is  generally  accepted.  In  what  way  the  cell  regulates  the  nutrition 
of  the  nerve  fiber  throughout  its  whole  length  is  unknown.  Some  of 
the  cells  in  the  lumbar  spinal  cord,  for  instance,  give  rise  to  fibers  of 
the  sciatic  nerve  which  may  extend  as  far  as  the  foot,  and  yet 
throughout  their  whole  length  the  nutritive  processes  in  the.se  fibers 
are  <lependent  un  influences  of  an  unknown  kind,  emanating  from 
the  nerve  cells  to  which  they  are  joined.  These  influences  may 
consist  simply  in  the  effect  of  constant  activity;  that  is,  in  the 
conduction  of  nerve  impulses,  or  there  may  be  some  kind  of  an 
actual  transferal  of  muteiiul.  This  latter  idea  is  supported  by  the 
interesting  fact,  which  we  owe  to  Meyer,  that  tetanus  and  diph- 
theria toxins  may  be  transmittetl  to  the  central  nervous  system 
by  way  of  the  axis  cylintlers  of  the  nerve  fibers.  By  means  of  his 
niethod  Waller  investigated  the  location  of  the  nutritive  centers 
for  the  motor  and  sensory  fibers  of  the  spinal  nerves.  If  an  anterior 
root  is  cut  the  peripheral  ends  of  the  motor  filxirs  degenerate 
throughout  the  length  of  the  nerve,  while  the  fibers  in  the  stump 
attached  to  the  cord  remain  intact;  hence  the  nutritive  centers 
for  the  motor  fibers  must  lie  in  the  cord  itself.  Subsequent  hist-o- 
logical  work  has  corroborated  this  conclusion  and  showTi  that  the 
motor  fibers  of  the  spinal  ner\'o.s  take  their  origin  from  ners'C  cells 
lying  in  the  anterior  horn  of  gray  matter  in  the  cord,  the  so-called 
motor  or  anterior  root  cells.  If  the  posterior  root  is  cut  between 
tJie  ganglion  and  the  cord,  the  stump  attached  to  the  cord  degener- 
ates; that  attached  to  the  ganglion  remains  intact,  and  there  is  no 
degeneration  in  the  nerve  peripheral  to  the  ganglion  (Fig.  55).  If, 
however,  tliis  root  is  severed  peripherally  to  the  ganglion  degenera- 
tion takes  place  only  in  the  spinal  nerve  beyond  the  gungliun.  The 
nutritive  center,  therefore,  for  the  sensory  fibers  must  lie  in  the  pos- 
terior root  ganglion,  and  not  in  the  cord.    This  conclusion  has  also 

•  Waller.    "  MQller'e  Arcliiv,"  1852.  p.  392;   and  "  Coiiiples  rendua  d« 
I'AcBd.  <le  la  Science,"  vol.  xxxiv.,  1852. 
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been  abundantly  corroi>o rated  by  histological  work.  It  is  known 
that  the  sen  wry  fibers  arise  from  the  nerve  rells  in  these  ganglia. 
By  the  same  meaius  it  has  been  shown  that  the  motor  fil>ers  in  the 
cranial  nerves  arise  from  nerve  fells  (nuclei  of  origin)  situated  in 
the  brain,  while  the  sensory  fibers  of  the  same  nerves,  with  the 
exception  of  the  olfactory  and  of)tic  nerves  which  form  special  cases, 
arise  from  sensory  ganglia  lying  outside  the  nervous  axis,  such,  for 


Fig,  U. — Diacnun  to  whow  the  directinn  nf  degeneration  on  aoction  of  the  anterior 
•nd  the  postorior  root,  raopectivcly.     The  degenenil«d  portion  is  represented  in  blaclc. 

instance,  as  the  spiral  ganglia  of  the  cochlear  nerve,  or  the  gan- 
glion semilunare  (Cuusserian  ganglifm)  of  the  fifth  cranial  nerve. 

Herve  Degeneration  and  Regeneration. — Wlieji  a  nerve 
tnmk  is  cut  or  is  killed  at  any  point  by  crushing,  heating,  or  other 
means  all  the  Kbcrs  peripheral  to  llie  }x>int  of  injury  undergo  de- 
generation. This  i.s  an  incont^-stable  fact,  anil  il  is  impniiant  to 
bear  in  niitid  tlie  fact  that  the  definite  changes  included  under 
the  term  degeneration  are  exliil>ited  only  Ijy  living  libers.  A 
dead  nerve  or  the  nerve.s  in  a  di^aii  aniiual  show  no  such  changes.* 
The  older  physiologists  tliouglit  that  if  the  severe<l  ends  of 
the  nerves  were  brought  together  by  sutures  they  might  unite 
by  first  intention  without  <legeneration  in  the  peripheral  end. 
We  know  now  that  this  degeneration  is  inevitable  once  the 
living  continuity  of  the  fibers  has  been  interrupted  in 
any  way.  .\ny  functional  union  that  may  occur  is  a  slow- 
process  involving  an  lui  of  regeneration  of  the  fibers  in  the  peripheral 
stump.  The  time  re<juired  for  the  degeneration  diflei"s  somewhat 
for  the  different  kinds  of  fibers  fotmd  in  the  animal  body.  In  the 
dog  and  in  other  mammalia  the  degeneration  begins  in  a  few  (four) 
days;  in  the  frog  it  may  refiuire  from  thirty  to  one  himdred  and 
forty  days,  deijeiurmg  ujion  the  season  of  the  year,  although  if  the 
frog  is  kept  at  a  high  temperature  (31)°  C.)  tiegeneration  may 
proceed  as  rapidly  as  in  the  mammal.  In  the  dog  it  proceeds  so 
quickly  that  the  proce^w  seenij*  to  Ijc  simultaneous  throughout  the 
Sw*  Van  tlfhurhtfn.  •*  Le  N^vraxv."  1905,  vii.,  203. 
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whole  peripheral  stump,  while  in  the  froR.  and,  according  to  Bethe, 
in  the  rabbit,  it  can  be  seen  clearly  that  the  degenerative  fhatijccs 
begin  at  the  wound  and  progress  peripherally.  The  fillers  break 
up  into  ellipsoidal  segments  of  myelin,  each  containing  a  piece  of 
the  axis  cylinder,  and  these  segments  in  turn  fragment  veiy  irregu- 
larly into  smaller  pieces  which  eventually  are  absorbed*  (Fig,  56). 
The  central  stump  whose  fibers  are  still  connected  with  the  nerve 
celb  undergoes  a  similar  degeneration  in  the  area  immediately 
contiguous  to  the  wound,  but  the  degenerative  processes  extend 
for  only  a  short  distance  over  an  area  covering  a  few  intemodal 
aef^ments.  Although  the  central  ends  of  the  fibers  remain  pub- 
stantially  intact,  it  is  interesting  to  finil  that  the  nerve  cells  from 
which  they  originate  undergo  distinct  changes,  which  show  tliat 
they  are  profoundly  affected  by  the  interioiption  of  their  norma) 
connections  (see  p.  129).  In  the  peripheral  end  the  process  of 
regeneration  begins  almost  simultaneous!}-  with  the  tlegenerative 
changes,  the  two  proceeding,  as  it  were,  hand  in  hand.  The  regen- 
eration is  due  to  the  activity  of  the  nuclei  of  the  neurilemma!  sheath. 
These  nviclei  begin  to  multiply  and  to  form  around  them  a  layer  of 
protoplasm,  so  that  as  the  fragments  of  the  old  filler  disappear 
place  1*3  taken  by  numerous  n\iclei  and  their  sun'ounding 
toplasm.  Eventvially  there  is  formed  in  this  way  a  continuous 
id  of  protoplasm  with  many  nuclei,  and  the  fd.)er  thus  produced, 
has  no  resemblance  in  structure  to  a  normal  nerve  fiber, 
described  by  some  authors  as  an  "embrj'onic  fiber";  by  others 
"band  fiber"  (Fig.  57).  In  the  adult  animal  the  procc^*!  of 
sration  stops  at  this  point  unless  an  aiuitnnnir.il  connection 
is  eetablished  with  the  central  stump,  and.  indeed,  such  a  connection 
ia  usually  establb^hed  unless  specLa!  means  are  taken  to  prevent  it. 
_Tbe  central  and  peripheral  sttimps  find  each  otiier  in  a  way  that 
remarkable,  the  union  being  guided  doubtless  by  inten'ening 
jective  tissue. 


Forsuiannsf  han  empliasized   thia  peculiar  attraction,  as.  it  were,  be- 
kpcriphera]  and  llie  central  ends,  giving  some  reason  to  believe  that 
■  of  chonotaxis  or  ohemotropism.     When   the  ends  of  the  nenes 
_  very  unusual  positions  by  means  of  fcllndiuin  tnltes  into  wliifh 

tJiey  were  inserted  they  managed  to  "  find  "  each  other.  Moreover,  he  slates 
that  a  central  stump,  if  fpven  an  equal  opportnnrty  to  grow  into  two  collo- 
diom  tubes,  one  contain ing  liver  and  the  other  brain  tissue,  will  ehose  the 
latter,  a  fact  which  would  indicate  i^ome  underlying  chemical  attraction  or 
aSmity  in  ner\'e  tissue  for  nerve  tissue.  A  directive  influence  of  this  kind 
dependiuf:  upon  some  property  connected  with  chemical  relationship  i^j  desi^- 
Dated  as  *'  chemotaxLs." 

If  the  central  and  peripheral  stumps  are  brought  together  by 

•See  Howell  and  Huber,  "Journal  of  Physioloury,"  Vi,  '.iX'y,  i.S92;  also 
it  and  lUUiburton,  "  Pn>ceo<linKa  Royal  .Society,  190fi,  B.  Ixxviii.,  259. 
1  Glial,  "  Triil)aj(«<  del  laboraturio  do  inviwtigacionca  biologicas  (Univ.  of 
dridj.'vol.  4,  n«,  1906. 

tFomuuiU,  "Zeigler's  lieitrage,"  27,  216,  1902. 
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suture  or  grow  together  in  any  way,  then,  under  the  influence  of  the?" 
central  end,  the  "  band  fiber  "  gradually  becomes  transformed  int<^ 
a  normal  nerve  fiber,  with  myelin  sheath  and  axis  cylinder  (Fig.  58). 
It  is  possible  that  this  result  is  due  to  local  processes  in  the 
band  fiber  stimulated  by  nutritive  influences  of  some  kind  from 
the  central  stump,  but  more  probably  there  is  an  actual  down- 
growth  of  the  axis  cylinders  from  the  central  ends.  In  support 
of  tliis  latter  view,  it  may  be  said  that  the  outgrowth  of  the 
new  axis  C3'linder3  from  the  old  ones  present  in  the  fibers  of  the 
central  stump  has  been  followed  more  or  less  succCHsfuUy  by  a 
number  of  histologists. 

From  a.  practical  standpoint  it  »  interesting  to  note  that  tliis  influence 
of  the  central  stump  mav  be  exerted  montim  or  even  years  aft<?r  the  injtiry 
to  the  nerve.  The  pcrlplieraJ  Rturnp  after  reaching  the  stimeof  "  band  fibers 
la  ready,  as  it  werp,  for  the,  influence  of  the  centnil  i-nd,  and ca«cs  are  on'rccord 
in  which  a  secondary  suture  was  made  a  long  time  after  the  original  injury, 
with  the  result  that  funetional  activity  wat^  restored  to  the  nerve. 

Bethef  h***  thrown  some  doubt  upon  this  view,  for  he  has  shown  appar- 
ently that  in  young  mammals  (eiglit  days  to  eiglit  weeks)  the  regeneration  of 
tiie  fibers  in  the  jjcriphera)  Btump  does  not  stop  at  the  stsige  of  "band  fibers," 
but  progresses  until  perfectly  normal  nerve  fibers  are  jjroduccd,  even  though 
no  connection  ia  made  with  the  central  stump.  It  should  Iw  added,  however, 
that  the  fibers  so  fwiiied  do  not  persist  iuiiennitely  unloua  they  become  con- 
nected with  the  central  .stumji.  If  this  connection  fails  to  take  place,  the 
newly  formed  fibers  will  degenerate  after  an  interval  of  some  months.  Still, 
the  fact,  if  true,  that  in  the  young  fiber  the  regeneration  is  complete  Heema  to 
indicate  definitely  that  tlie  axis  eyl'nder  may  arise  independently  of  the  fibers 
in  t)te  central  stump. 

Whether  or  not  llethe's  observations  upon  the  autoregeneration  of  the 
axLs  cylinders  in  the  severed  nerves  of  young  animals  can  l>c  acceptje<l  i.s  at 
present  doubtful,  the  balance  of  evidence  seems  to  indicate  that  what  he 
took  for  auLoregeneratwi  fibers  were  really  fibers  whic:h  grew  into  the  de- 
generated trunk  from  the  surrounding  tissue.  (For  ditiru.'ision  with  refer- 
ences see  Barker,  "Journa]  of  the  American  Mwlieal  .Assoi".,"  19()G.  .St^'fan- 
owska,  "Journal  de  Neurologic,"  1906,  Nos.  16-19,  and  Halliburton,  "British 
Med,  Journal,"  May  11,  IW?.) 

Degenerative  Changes  in  the  Neuron  on  the  Central  Side 
of  the  Lesion. — Accordmg  to  the  Wallerian  law  of  degeneration, 
as  originally  statetl,  the  nerve  fil>er  on  the  central  sicie  of  the  injury 
and  the  nerve  cell  itself  do  not  undergo  any  change.  As  a  matter 
of  fact,  the  central  stump  imnietliately  contiguous  to  the  lesion 
undergcxis  typical  degeneralion  and  regeneration  .^iimilar  to  that 
descrilxjd  for  the  fibers  of  the  peripheral  stump.  The  immediate 
degenerative  changes  in  the  filiera  in  the  central  stump  were  supposed 
to  extend  back  only  to  the  fust  node  of  Itanvier, — to  affect,  there- 
fore, only  the  internodal  segment  actually  injured.  Later  it  was 
found  that  the  degeneration  may  extend  back  over  a  di>itance  of 
several  internodal  segments.  This  Umited  degeneration  on  the 
central  side  must  be  considered  as  traumatic,^ — that  is,  it  involves 
only  those  portions  directly   injured  by  the  lesion.    The  central 

•  Beihe,  "AUgemiene  Anat.  u.  Physiologie  des  Neryensystema,"  1903. 
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end  of  the  fiber  in  general  was  supposed  to  remain  intact  as  long 
HS  its  ceil  of  origin  was  norroal.  Tt  was  thought  at  first  that  after 
siraple  section  of  a  nerve  trunk,  in  amputation,  for  instance,  the 
nerve  cells  and  central  stumps  remain  normal  throughout  the  life 
of  the  individual.  Dickinson,  however,  in  1869  *  showed  that  in 
amputations  of  long  standing  the  motor  cells  in  the  anterior  horn 
of  the  cord  decrease  in  numl>er  anil  the  fihere  in  the  central  stnmp 
become  atrophied.  This  ol),servation  has  been  corroborated  by 
other  observers,  and  it  is  now  l*elieveil  that  after  section  of  a  nerve 
chronic  degenerative  changes  ensue  in  the  course  of  time  in  the 
central  fibers  and  their  cells,  resulting  in  their  permanent  atrophy. 
We  have,  in  such  cases,  what  has  been  called  an  atrophy  from 
disuse.  A  fact  that  has  l>een  discovered  more  recently  and  that 
h  perhaps  of  more  importance  is  that  the  nerve  cells  do  undergo 
certain  definite  although  usually  temporary'  chanKes  immediately 
the  section  of  the  nerve  fibei's  arising  fiY>m  them.  It  has  been 
>wn  that  when  a  nerve  is  cut  the  corresponding  cells  of  origin 
may  show  distinct  histological  changes  within  the  first  twenty-four 
hours.  These  changes  con.sist  in  a  circumscriljec!  dostnirtion  of 
Uie  chromatin  material  in  the  cells  (chronuitolysis),  which  in  a 
time  extends  over  the  whole  cell,  .'^o  that  (lie  primaiy  staining 
of  the  cell  is  lost  (condition  of  achromatosisj  (see  Fig.  63). 
Tlie  cell  also  becomes  .swollen  and  the  nucleus  may  assume  an 
exce-ntric  po.sition.  These  i-etroi,ressive  changes  continue  lor  a 
certain  period  (about  eighteen  days).  After  reaching  their  maxi- 
mum of  inten.sity  the  cells  u.sual]y  undergo  a  process  of  restitution 
and  regain  their  normal  appearance,  although  in  some  cases  the 
degeneration  is  permanent.  According  to  other  observers  a  number 
of  the  cells  in  the  s-pinal  cord  and  spinal  ganglia  undergo  simple 
atrophy  after  section  of  their  corresponding  nerves,  and  some  of 
the  nerve  fibers  in  the  central  stumps  may  also  show  atrophy, 
while  others  undergo  a  genuine  degeneration,  which,  however, 
comes  on  much  later  than  in  the  peripheral  stumps.  It  seems 
evident  that  the  behavior  of  the  cells  and  fibers  on  the  central  side 
of  the  section  is  not  uniform;  atrophy  rather  than  degeneration  is 
the  change  that  is  prominent,  and  this  atrophy  in  some  neurons 
occurs  early,  while  in  others  it  is  apparent  only  after  a  long  interval 
of  time.  An  explanation  of  this  variation  in  the  reaction  of  the 
Derve  cells  and  their  disconnected  central  stumps  cannot  yet  be 
iveJi.  On  the  peripheral  side  of  the  section,  as  stated  above,  the  de- 
lerative  changes  are  complete  and  affect  all  of  the  fibers.t 

•  ••Journal  of  Anatomy  and  Phv.siolooRv,"  3,  176,  1869. 

t  Niasl,  "Allgemeine  Zeit^-hrift  f.  FsyLhiatrie,"  48,  197,  1892.    AUo  Bcfhe, 
and  lianaon,  "  Rfitronnule  Dcneneration  in  thp  Spinal  Nerves,"  The 
of  Comparative  Neurology  txinl  Psychologj',  I'JOti,  xvi.,  265. 
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SECTION  n. 

THE  PHYSIOLOGY  OF  THE  CENTRAL 

NERVOUS  SYSTEM. 


CHAPTER  VI. 


STRUCTURE  AND  GENERAL  PROPERTIES  OF  THE 
NERVE  CELL. 

The  Neuron  Doctrine. — Since  the  last  decade  of  the  nineteenth 
century  the  physiology  of  the  nervous  system  has  been  treated 
from  the  standpoint  of  the  neuron.  According  to  this  point  of 
view,  the  entire  nervous  system  is  made  up  of  a  series  of  units, 
the  neurons,  which  are  not  anatomically  continuous  with  each 
other,  but  communicate  by  contact  only.  It  has  been  taught  also 
that  each  neuron  represents  from  an  anatomical  and  physiol(^cal 
standpoint  a  single  nerve  cell.  The  typical  neuron  consists  of 
a  cell  body  ^vith  short,  branching  processes,  the  dendrites,  and  a 
single  axis  cylinder  process,  the  axon  or  axite,  which  becomes  a 
nerve  fiber,  acquiring  its  myelin  sheath  at  some  distance  from  the 
cell.  According  to  this  view,  the  peripheral  nerve  fibers  are  simply 
long  processes  from  nerve  cells.  Within  the  central  nervous  system 
each  neuron  connects  vdth  others  according  to  a  certain  schema. 
The  axon  of  each  neuron  ends  in  a  more  or  less  branched  "  terminal 
arborization,"  forming  a  sort  of  end-plate  which  lies  in  contact 
^^^th  the  dendrites  of  another  neuron,  or  in  some  cases  with  the 
body  of  the  cell  itself,  the  essentially  modem  point  of  view  being 
that  where  the  terminal  arborization  of  the  axon  meets  the  dendrites 
or  body  of  another  neuron  the  commimication  is  by  contact,  the 
neurons  being  anatomically  independent  units.  It  is  usually  ac- 
cepted also  as  a  part  of  the  neuron  doctrine  that  the  conduction 
of  a  nerve  impulse  through  a  neuron  is  always  in  one  direction, 
that  the  dendrites  are  receiving  organs,  so  to  speak,  receiving  a 
stimulus  or  impulse  from  the  axon  of  another  imit  and  conveying 
this  impulse  toward  the  cell  body,  while  the  axon  is  a  discharging 
proceM  through  which  an  impulse  is  sent  out  from  the  cell  to  reach 
another  neuron  or  a  cell  of  some  other  tissue.    The  neuron,  so 

130 


Digitized  by 


Google 


*ERTIE3    OP   THE   NERVE   CELL. 


131 


far  as  conduction  is  concerned,  shows  a  definite  polarity,  the  con- 
duction in  the  dendrites  being  celhilipetal,  in  the  axons,  ccilulifugal. 

The  neuron  doctrine,  so  far  as  the  naine  at  least  is  concerned,  dates  from 
a  geoeral  paper  by  Waldej'cr,*  in  which  the  newer  work  up  to  that  time  was 
cumtoarised.  Tlie  main  facts  upion  which  the  conception  rests  were  furnished 
by  His  (1886).  to  whom  we  owe  the  generailv  acceptetl  lielief  tliat  the  nerve 
filler  (axu  cylinder)  is  an  outprowth  from  the  cell,  and  secondly  by  Glolgi, 
Cajal,  and  a  host  of  other  workers,  who,  by  means  of  the  new  method  of  Colci, 
demonstrated  the  wealth  of  branches  of  the  nene  cells,  particidarly  of  (he 
denilrites,  and  the  mode  of  connection  of  one  nerve  unit  with  another.  The 
view  that  these  units  are  anatomically  independent  and  on  the  embryologica! 


* 


Fib  M. 


-Motor  ceTI,  ftii(«rior  (lom  of  gray  nuitter  of  cord.     From  human  f«tua  (L«iiAm» 
tk):    *  murks  the  nxon;    th«   other  branches  are  Uendhles. 


■de  art  derived  each  from  a  single  epiblastic  cell  (neuroblast)  has  proved 
■eeeptoble  aud  most  helpful;  but  the  validity  of  this  hypRithesis  has  been 
called  into  question  from  time  t^  time.  As  was  stated  on  p.  128,  Bethf  has 
dailXMHi  that  in  youn^r  animaiN  tlic  nuclei  of  the  neuriicnmiul  hiicath  may 
rqrrovnit4.-  u  new  m-rvc  fil>er  containinf*  axis  cylimlrT  and  myelin  sheath,  and 
this  fact,  if  tnie,  at  once  brings  into  ijuestion  the  hitherto  accepted  belief 
that  %b»  axis  cvlinder  <nin  Ito  formed  only  a.s  an  outfirowth  from  a  nerve  cell. 
Sone  histoloeists — Apiilhy,  Bc-tl^e.  Nissl — have  also  attacked  tlie  most 
fundamental  feature  of  the  neuron  doctrine-  the  view,  namely,  that  each 
nminin  rcpresenlH  an  indejKnilent  anatomical  clement.  The^e  authors 
contend  tliat  the  neurofibrils  of  the  axis  cylinder  pius-s  through  the  nerve  cells 
•nd  enter  by  way  of  a  network  into  direct  connection  with  the  neurofibrils 

•  "Deut.  med.  Woehenschrift,"  A891,  p.  50. 
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of  otiier  neuroDfl  (see  Fig.  64).  The  neurofibrils  form  a  contiauum  through 
whieii  nerve  impulses  pass  without  a  break  from  neuron  to  neuron.  Ac- 
cording to  this  conception,  the  ganglion  cells  play  no  direct  part  in  the  con- 
duction of  tlie  impulse  from  one  part  of  the  ner>'ous  system  to  another; 
the  neurofibrils  alone,  and  the  intracellular  and  pericellular  networks  with 
which  they  connect,  form  tlie  conducting  paths  that  are  everywhere  in  con- 
tinuity. In  the  explanation  given  below  of  the  activities  of  the  nervous 
system,  the  author,  following  the  usual  custom,  makes  use  of  the  neuron 
doctrine,  since  it  is  at  present  impos.«ible  to  say  whether  or  not  the  newer 
views  of  the  continuum  of  neurofibrils  will  be  corroborated.  While  the 
physiological  facts  remain  the  same  whichever  view  prevails,  there  can  be 
no'doubt  that  the  point  of  view  of  the  physiologist  would  be  greatly  chan|^ 
if  the  present  simple  conception  of  a  series  of  neurons  of  a  definite  polarity 
a-s  regartls  conduction  were  rejilaced  by  the  more  complex  schema  of  inde- 
IK-ndcnt  neurofibrils  and  a  central  reticulum  in  which  a  basis  for  polarity 
an«l  definite  paths  of  conduction  is  lacking.* 

The  Varieties  of  Neurons. — ^The  neurons  differ  greatly  in 
size,  shape,  and  internal  structure,  and  it  is  impossible  to  classify 
them  with  entire  success  from  either  a  physiological  or  an  anatomical 
standpoint.  Neglecting  the  unusual  forms  whose  occurrence  is 
limited  and  whose  stnictiire  is  perhaps  incompletely  known,  there 
are  three  tUstinct  types  whose  form  and  structure  throw  some 
light  on  their  functional  significance: 

I.  The  bifwlar  cells.  This  cell  is  found  in  the  dorsal  root  gan- 
glia of  the  spinal  nerves  and  in  the  ganglia  attached  to  the  sensory 
fibers  of  the  cranial  nerves,  the  ganglion  semilunare  (Gasserian) 
for  the  fifth  cranial,  the  g.  geniculi  for  the  seventh,  the  g.  vestibu- 
lare  and  g.  spiralc  for  the  eighth,  the  g.  superius  and  g.  petrosum 
for  the  ninth,  the  g.  jugulare  and  g.  nodosum  for  the  tenth. 

The  typi<'al  cell  of  this  group  is  found  in  the  dorsal  root  ganglia. 
In  the  adult  the  two  i)ro('esscs  arise  as  one,  so  that  the  cell  seems  to 
be  \miiK)lar,  but  at  some  distance  from  the  cell  this  process  di\nlde8 
in  T,  one  branch  passing  into  the  spinal  cord  via  the  posterior 
root,  the  other  entering  the  spinal  ner\'e  as  a  sensory  nerve  fiber 
tf)  1)0  distributed  to  some  sensory  surface.  Both  processes  become 
iivMluUated  and  form  tyjMcal  nerve  filjers.  That  these  apparently 
uniiH)lar  rolls  are  roiilly  biiwlar  is  sho\\Ti  not  only  by  this  diviaon 
UiUi  two  distinct  filwrs,  but  also  by  a  study  of  their  development 
ill  the  eml)rvo.  Tn  early  embrj'onic  life  the  two  processes  arise 
f  nun  di(T(!n'ut  ik>1<'S  of  the  cell,  and  later  become  fused  into  an  ap- 
piin'ntly  simple  pmcoss  (Fig.  60).  The  striking  characteristics  of 
thi.H  ci'li,  therrfon?,  aro  that  it  gives  rise  to  two  non'e  fibers,  and  that 
it  |y>.swHS('s  no  dentlritic  procpa.ses.  On  the  physiological  side  these 
cells  might  lie  <lpsignated  as  sensor}'  cells,  since  they  appear  to  be 
OHSoriated  always  with  .«eusory  nerve  fibers. 

♦  Fi»r  di!«euH»ion.  >«•<■  Harkrr,  •'.r<»umal  of  the  American  Medical  Aaiocui- 
ti«»n."  MHJIi.  and  Uvlziu",  "I'nK.-^-dings  of  the  Uoyal  Society,"  1908,  B. 
vol.  Ixxx.,  411. 
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Ip  nerve  cells  found  in  the  sensory  Kun^Iiu  exhibit,  as  a  matter  of  fftct, 
a  number  of  (lifferenl  types,  some  of  which  [wssestt  short  liendritic  processes. 
These  histoloRical  variations  cannot  a»i  yet  be  ^iven  a  physiological  signifi- 
cance, but  their  occurrence  certainlj-  seems  to  indicate  a  ponsihiliiy  that 
ir>'  ganglia  may  have  a  much  more  varied  physiological  activity 
been  attributed  to  them  heretofore.  For  a  description  of  these 
and  a  classification  of  their  cells  under  eight  different  types  ron- 
ij&l  in   Krgebnisse  der  Anal.  u.  Entwickelungsgeschichte,  vol.  xvi., 

So  far  as  the  sensory  fibers  of  the  spinal  and  cranial  nerves 

concerned,  it  is  worth  noting  also  that  all  uf  tliem  arise  frnni 

Is  lying  outside  the  main  axis  of  the  central  nervous  system. 

has  been  a  question  whether  the  sensory  impulses  brought 

the  ganglion  cells  through  the  peripheral  process  (sensory 


V 


,-  00. — Kpolar  cells  in  th«  posl«rior  root  (canelion.  Section  thriMurh  spinal  bbo* 
oawbom  mouse  {LenhMttk):  a.  The  apio^  gnnglion;  b,  the  apinal  orU;  c  the 
Ft  d.  Km  •ntsiior  root. 


rt  passes  into  the  body  of  the  cell  before  going  on  to  the 
d  or  braiti,  or  whether  at  the  junction  of  the  two  processes 
simply  passes  on  directly   to   the  cord.     AtToiwlitig  to  the 
)logical  structure  there  b  no  apparent  reason  why  an  impulse 
not  pass  directly   from   the   peripheral   to  the  central 
"pmceas  at  the  junction,  hut  whether  or  not  this  really  occure 
And  the  relation  of  the  ganglion  c-ei!  to  the  conducting  path  are 
i(>4ti(>ns  that  must  be  left  unsettled  at  present. 

IL  The  multipolar  cells.     The  processes  of  these  cell'^  fall  into 

ifO  groups:  the  short  and  branching  ilen<lrites  with  an  inner 

tructure  resembling  that  of  the  cell  body,  and  ttie  axon  or  axis 

flitider  process  (Fig.  ,50).     .\ccordiug  to  the  structure  of  tliis  last 

',  this  type  may  be  classified  un<U'r  two  heads:  Golgi  cells  of 

id  the  second  typi-.     Thr  cells  of  the  first  type  are  charac- 
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terized  by  the  fact  that  the  axon  leaves  the  central  gray  matter  and. 
becomea  ii  nerve  fiber.  This  nerve  fiber  within  the  central  nervou* 
system  may  give  off  numerous  collaterals,  each  of  which  ends  in  ai. 
termhia!  arborization.  By  this  means  the  neurons  of  this  type  may 
be  brought  into  physiological  connection  with  a  number  of  other 
neurons.  This  kind  of  nerve 
cell  is  frequently  described 
as  the  typical  nerve  cell. 
Gulgi  supposed  that  it  rep- 
resents the  motor  type  of 
cell,  and  this  view  is,  in  a 
measure,  borne  out  by  suJ>- 
sequent  investigation.  The 
distinctly  motor  cells  of  the 
central  nervous  system  — 
such,  for  instance,  as  the 
pyramidal  cells  of  the  cere- 
bral cortex,  the  anterior  horn 
cells  of  the  spinal  cord,  the 
Purkinje  cells  of  the  cere- 
bellum— all    belong  to   this 


Fig.  61. — Gold  cell  (second  typo). 
The  axon,  a,  dividefl  into  it  Dumber  ot 
fine  branches. — (From  Obertteintr,  after 
Andrieien.) 


Kig.  62.  — Normftl  uicenor  horn  oeH 
(Warrifiglon},  shawing  the  Nual  gnuiules  in  the 
cell  aiid  dendrit««:  a.  The  axon. 


type.  But  within  the  nerve  axis  most  of  the  conduction  from 
neuron  to  neuron,  along  sensory  as  well  as  motor  paths,  is  made 
with  the  aid  of  such  structures,  the  dendrites  being  the  receptive 
or  sensory  organ  and  the  axon  the  motor  apparatus. 

The  Golgi  cells  of  the  second  type  (Fig.  61)  are  relatively  less 
numerous  and  important.     They  are  characterized  by  the  fact 
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tat  the  axon  profess  instead  of  forming  a  nerve  fiber  splits  into 
a  great  number  of  branches  within  the  gray  matter.  Assuming 
that  in  such  cells  the  distinction  between  the  axon  and  the  den- 
drites is  well  made  and  that  as  in  the  other  type  the  dendrites 
form  the  receiving  and  the  axon  the  discharging  apparatus, 
these  cells  would  seem  to  have  a  distriluitive  function-  The 
impulse  that  they  receive  may  be  transmitted  to  one  or  many 
neurons.  They  are  sometimes  spoken  of  as  intermediate  or 
aa8r>ciation  cells.  ' 

Internal  Structure  of  the  Nerve  Cell. — Within  the  body  of 
the  nerve  eel!  itself  the  striking  features  of  physiological  signifi- 
cance are,  first,  the  arrangement  of  the  neurofibrils,  and,  second,  the 


Tif  63. — Anterior  horn  c«el5  fourtesn  days  after  section  of  the  anterior  root  (Wnrrinfr- 
|0|»):  To  ottow  the  cimnee  in  tl)«  nucleus  ivnd  the  NUeil  Krnnules,  begiotiing  clvromatolyais. 


I 


» 


presence  of  a  material  in  the  fonn  of  granules,  rods,  or  masses 
which  stains  readily  with  the  basic  anilin  dyes,  such  as  methylene 
blue,  thionin,  or  toluidin  blue.  This  latter  substance  is  spoken  of 
an  the  "  chromopliile  substance,"  tigroid,  or  more  frequently  as 
Nissl's  granules,  after  the  histologist  who  first  studied  it  success- 
fully. These  masses  or  granules  are  found  in  the  dendrites  as  well 
AS  in  the  cell,  but  arc  absent  from  the  axon  (see  Fig.  62).  Little  is 
known  of  their  comp>osition  or  significance,  but  their  presence  or  ab- 
sence is  in  many  cases  characteristic  of  the  physiological  condition 
oi  the  cell.  After  lesions  or  injuries  of  the  neuron  the  material  may 
become  ilissolved  and  diffused  through  the  cell  or  niay  decrease  in 
amount  or  disappear,  and  it  seem.s  probable,  therefore,  that  it  repre; 
eents  a  store  of  nutritive  material  (Fig.  63).  The  non-staining 
material  of  the  cell,  according  to  most  recent  observers,  contains 
neurofibrils  which  are  continued  out  into  the  processes,  dendrites  as 
■well  as  axon-s.  These  fibrils  may  be  regarded  as  the  conducting 
Structure  along  which  passes  the  nerve  impulse.  The  arrangement 
of  these  fibrils  within  the  cell  is  not  completely  known,  the  results 
obtained  varying  with  the  methods   employecl,     A  matter  of  far- 
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reaching  importance  on  the  physiological  side  is  the  question  of 
the  existence  of  an  extracellular  nervous  network.  Most  recent 
histologists  agree  in  the  belief  that  there  Ls  a  delicate  network 
surrounding  the  cells  and  their  protoplasmic  processes.  Thia 
pericellular  net  or  (lolgi's  net  is  claimed  by  some  to  lie  a  ner- 
vous structure  connecting  with  the  neurofibrils  inside  the  cell 
and  fonning  not  only  a  bond  of  union  between  the  neurons,  but 
possibly  also  an  Important  intercellular  nervous  structure  that 
may  play  an  important  rnlc  in  ttie  fimctions  of  the  ner\T  centers. 
This  \ie\v  is  n>prescntcd  sehcinatinally  in  Fig.  64.  According  to 
others,  this  network  around  and  outside  the  cells  is  a  supixirting 
tissue  simply  that  takes  no  part  in  the  activity  of  the  nerve  units. 


41 


Fif,  54. — Bethe'fl  schema  to  incjinite  tLe  eonneotions  of  (ho  pericellular  network: 
At.  A  aenaory  0€iU  in  the  poaterior  root  RnnKlion;  the  librila  in  the  branch  that  runa  to  the 
cord  are  indicated  aji  cuJinecting  directly  with  tlie  periceUular  network  of  the  motor  ceUs, 
Oz. 


General  Physiology  of  the  Nerve  Cell. — Modem  physlolog:ists 
have  considered  the  cell  body  of  the  neuron,  Including  the  den- 
drites, as  the  source  of  the  energj'  displayed  by  the  nervous  system, 
and  it  has  lieen  assumed  that  this  energy  arises  from  chemical 
changes  in  the  nerve  cell,  as  the  energy  liberated  by  the  muscle 
arises  from  the  chenucal  changes  in  its  substance.  It  would  follow 
from  this  standjwint  that  evidences  of  chemical  activity  should  be 
obtained  from  the  cells  and  that  these  elements  shoukl  exhibit  the 
phenomenon  of  fatigue.  Regarding  this  latter  point,  it  is  l:»elieved 
in  pliysiology  that  the  ner\e  ceils  do  show  fatigue.  The  nerve 
centers  fatigue  as  the  result  of  continuous  activity,  as  is  evident 
from  our  personal  experience  in  prolonged  intellectual  or  emo- 
tional activity  and  as  is  implied  in  the  necessity  of  sleep  for  re- 
cuperation and  the  rapidity  with  which  functional  activity  is  lost 
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withdrawal  of  the  blood  supply.    Objectivfly,  al.so,  it  has  been 
own  in  the  erRographic  experiments  (see  p.  50)  that  the  well- 
owii  fatigue  of  the  neuromuseular  apparatus  possibly  affects 
le  nerve  centers  as  well  as  the  muscle.     .Assuming  that  the  nerve 
cells  are  the  effective  agent  in  the  nerve  centers,  such  facts  indicate 
t  they  are  susceptible  to  fatigue  under  what  may  be  designateil 
the  normal  limits  of  activity,     But  we  have  no  very  direct 
proof  that  this  property  is  possessed  universally  by  the  nerve  ceils 
r  any  indication  of  the  probable  differences  in  this  regard  shown 
nerve  cells  in  different  parts  of  the  central  nervous  system. 
seems  probable  that  under  normal  conrlitions — that  is,  under 
e  influence  of  what  we  may  call  minimal  stimuli — some  portions 
nerve  centers  remain  in  more  or  less  constant  activity  during 
without  .showing  a  marked  degree  of  fatigue,  just  as  our 
remain  in  a  more  or  less  continuous  state  of  tonic  eon- 
etion  throughout  the  waking  j>eriod  at  least,     Doubtless  when 
stimulation  is  stronger  the  fatigue  is  more  marked,  because  the 
esses  of  repair  in  the  nerve  centers  can  not  then  keep  pace 
the  processes  of  consumption  of  material.     In  general,  it 
y  be  held  that  every  tissue  exhibits  a  certain  balance  betwtM>n 
e  processes  of  e<)nsumi)tion  of  material  associated  with  activity 
li  the  processes  of  repair.    If  a  profier  interval  of  rest  is  allowed, 
e  tissue  will  function  without  exhibiting  fatigue,  as  is  the  case 
th  the  heart,  and  the  respiratory  center.     If,  however,  the  stimu- 
tion  is  too  strong  or  is  reiK-ated  at  too  rapid  an  interval,  then  the 
of  repair  do  not  keep  [lace  with  those  of  eoiisumption, 
products  of  functional  activity  are  not  completely  removed, 
d  in  either  case  we  have  the  phenomenon  of  fatigue,  that  is  to  say, 
depres.«iion  of  normal  irritability.     The  point  of  inrpnrtanee  is 
determine  the  thfferences  in  this  respect  bet%veen  tlie  dilTerent 
ues.     Our  actual  knowle<ige  on  this  point  as  regards  nerve 
is    quite    incomplete.     Evidence    of   a    probable    chemical 
ange  in  the  nerve  cells  during  activity  is  found  also  in  the 
diness  with   which   the   gray   matter   of   (he   nervous   system 
es  on  an  acid  reaction.*     In  the  fresh  restitig  state  it  is  prolj- 
ly  alkaline  or  neutral,  but  after  death  it  quickly  shows  an 
reaction,  due,  it  is  said,  to  the  production  of  lactic  acid.     Its 
blaiice  to  the  muscle  in  this  resp<vt  leads  to  the  inference 
at  in  functional  activity  aci<i  is  also  produced.     Mtisso  states 
I  in  the  brain  increased  mental  activity  is  accompanied  by  a 
rise  in  the  temperature  of  the  brain,  f    His  experiments  were  made 
individuals  with  an  opening  in  the  skull  through  which  a 
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•  Laiigradorfr,  "Centralbl.  f.  d.  motl.  Wiss  "  1R86.     S«?  also  Halliburton, 
The  Croonian  I^ecturca  on  The  Chrminil  Sitfo  of  Nervoai  Aftivify,"  VMl. 
t  MoMO,  "Die  TempfraHir  ik-s  ( icliirna,"  1894. 
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delicate  thermometer  coukl  be  inserted  so  as  to  lie  in  contact  witV» 
brain.    So  also  the  facts  briefly  mentioned  in  regard  to  the  Nissl 
granules  give  some  corrolxirative  evidence  that  the  activity  of 
the  nervous  system  h  accompanied  by  and  probably  caused  b^*' 
a  chemical  change  within  the  cells,  since  the  excessive  activity  o^ 
the  nen'e  cells  seems  to  be  accompanied  by  some  change  in  thes^ 
granules,  and  in  abnormal  conditions  associated  with  loss  of  func — 
tlonal  activity  the  granules  undergo  chromatolysis, — that  L's,  they^ 
are  disintegrated  and  dissoh'ed .     Obvious  histological  changes  whicl* 
imply,  of  course,  a  clrnnge  in  chemical  structure,  have  been  oljser^'ed. 
by  a  number  of  investigators.*    All  seem  to  agree  that  activit}'  of 
the  tissue,  whether  normal  or  induci-d  by  artificial  stimulation, 
may  cause  visible  changes  in  the  appearance  of  the  cell  and  its 


1 


Fig.  65. — Spinal  gandlion  oells  from  English  sparrows,  to  show  the  daily  variation  in 
the  apj3«aninee  o[  th«  ixUg  due  to  normnl  activity:  .4.  Appearance  of  cells  at  the  end  of 
an  active  day :  B,  appearance  of  cells  in  the  momlnic  after  a  nisht'a  rest.  The  cytoplasm 
is  filled  with  cl«ar,  lenticular  maaaes,  which  are  much  juore  eviuent  to  the  rested  cells  tha£ 
in  those  fatigued. — (.Hodge.) 

nucleus.  Activity  within  normal  limits  may  cause  an  increase  in 
the  size  of  the  cell  together  with  a  diminution  in  the  stainable 
(Nissl)  substance,  and  excessive  activity  a  diminution  in  size  of  the 
cell  and  the  nucleus,  the  formation  of  vacuoles  in  the  cell  body, 
and  a  markeil  effect  upon  the  stainal>le  material.  Hodge  lias 
shown  tliat  in  birds,  for  instance,  the  sf>inal  ganglion  cells  of  a 
swallow  killed  at  nightfall  after  a  day  of  activity  exhibit  a  marked 
loss  of  substance  as  compared  w^ith  similar  cells  from  an  animal 
killed  in  the  early  morning  (Fig.  65).     Dolleyf  also  states  that  in 

•  See  especially  Hodge,  "Journal  of  Morphology,"  7,  S5,  1892,  and 
9,  1,  1894. 

JDoUpy,  "American  Journal  of  Physiology,"  25,  151,  1909. 
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lop  ttie  cerebellar  cells  exhilvit  a  definite  series  of  changes  in 

chromatic  subst4iiice,  both  that  within  the  nucleus  and  that 

(V'ithin  the  cytoplasm  (Nissl's  granules)  following  upon  prolonged 

nusciilar  activity  or  after  such  conditions  as  shock  or  anemia. 

these  conditions  are  cjctreme,  the  chromatin  material  may  be 

itirf  ly  removed  from  the  cells,  and  this  he  interprets  as  an  indicA- 

ion  of  a  functionally  exhaustt-rl  cell. 

It  must  be  remembered,  however,  that  our  knowledge  of  the 

iture  of  the  chemical  changes  that  occur  in  the  cell  < luring  activity 

vor\'  meager.     Presumalily  carbon  dioxid  anci  lactic  a<'id  are 

formed  as  in  muscle,  and  we  know  that  oxygen  is  con.sumed. 

^flnuugh  is  known  perhaps  to  justify  the  general  view  that  the  energy 

»xhibite<i  by  the  nervous  system  is  derived,  in  the  long  run,  from 

stabolism  of  material  in  the  nerve  cells,  a  metabolism  which 

ts  essentially  in  the  splitting  and  oxidation  of  the  complex 

substances  in  the  protoplasm  of  the  cell. 

Summation  of  the  Effects  of  Stimuli.— In  a  muscle  a  series 
of  stimuli  will  cause  a  greater  amount  of  shortening  than  can  be 
obtained  from  a  single  stimulus  of  the  same  strength.  In  this  case 
the  effects  of  the  stimuli  are  summated,  one  contraction  taking 
place  on  top  of  another,  or  to  put  it  in  another  way,  the  muscle 
while  in  a  condition  of  contraction  from  one  stimulus  is  made  to 
{•contract  still  more  by  the  following  stimulus.  In  the  nerve  fiber 
a  phenomenon  has  not  been  demonstrated.  The  strength  of 
nerve  impulse  can  be  determined  only  by  means  of  the  effect 
on  the  end-organ, — e.  g.,i\vR  muscle, — in  which  case  the  projjerties 
of  the  end-organ  must  be  taken  into  account,  or  by  the  aid  of  the 
electrical  response.  Now,  when  a  nerve  is  stimulated  so  rapidly 
that  the  second  stimulus  falls  into  the  nerve  before  the  electrical 
change  due  to  the  first  stimulus  has  passed  off,  the  second  stimulus, 
instead  of  adding  its  effect  to  that  of  the  first,  simply  has  no  effect 
at  all;  it  finds  the  nerve  unirritablp  and  by  the  time  that  the  nerve 

I  regains  its  irritability,  it  hat;  returned  to  its  condition  of  rest.* 
Ac^'ording  to  this  result,  we  should  expect  that  a  summation  of  the 
effects  of  rapidly  following  stimuli  is  not  possible  in  the  case  of  the 
nerve  fiber  in  the  sense  in  which  summation  occurs  in  a  muscle 
filler,  that  is  to  say,  the  addition  of  a  new  state  of  activity  to  an 
alrea<iy  existing  state  of  activity.  On  the  other  hand,  according 
to  the  physico-chemical  theories  of  nerve  excitation  it  is  possible 
that  a  single  ineffective  stimulus,  which  did  not  in  itself  cause 
a  concentration  of  ions  sufficient  to  produce  an  excitation  might,  if 
repfated,  bring  about  such  a  concentration  and  thus  bf'  converted 
lo  tui  effective  stimulus.     In  the  nerve  cell  it  is  usually  tauglit 

•  Gotch  and  Burch,  "Journal  of  Phveiology,"  24,  410,  1899,  and  40,  250, 
1010. 
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that  the  power  of  sunuimtion  is  a  characteristic  property.     It 

is  poiiittnl  out  that,  while  a  singie  stitnuhis  appUed  to  a  serusory 
nerv'e  may  be  ineffective  in  producing  a  reflex  response  from  the 
central  ner\'ous  system,  a  series  of  such  stimuH  will  call  forth  a 
reaction.  In  tliis  case  it  L>  assumed  that  the  effects  of  the  suc- 
ceeding stimuli  are  summated  witliin  the  nerve  cells  through  which 
the  reflex  takes  place,  and,  generally  speaking,  it  Is  assumed  in 
physiolog>'  that  tlie  ner\'e  centers  are  adapted  by  their  power  of 
summation  to  respond  to  a  series  of  stimuli  or  to  continuous  stimu- 
lation. The  best  examples  of  this  kind  of  action  are  obtained 
perhaps  from  scnsorj'  nerves,  in  which  case  we  judge  of  the  intensity 
of  the  cell  activity  by  the  concomitant  sensation,  or  by  a  reflex 
response. 

Response  of  the  Nerve  Cell  to  Varying  Rates  of  Stimula- 
tion.— The  various  parts  of  the  ncuronmscular  apparatus — 
namely,  the  nerve  cell,  the  nerve  fiber,  and  the  muscle  fiber — have 
different  degrees  of  responsiveness  to  repeated  stinudi,  anij  this 
responsiveness  varies,  moreover,  for  the  different  kinds  of  mus- 
cles and  of  nerve  fibers,  and,  probably  for  the  different  kinds 
of  nerve  cells.  The  motor  cells  of  the  brain  and  cord  discharge 
their  inipidses  under  normal  stimulation  at  a  certain  rhythm 
which  was  formerly  supposed  to  average  about  10  per  second, 
but  is  now  estimated  as  varying  between  certain  wide  limits, 
perhaps  from  40  to  100  per  second  (j).  47).  For  any  i)articular 
grouj)  of  these  motor  ceils  the  evidence  indicates  that  it  has  a  prac- 
tically coastant  rate  whatever  may  l>p  the  intensity  of  the  stimulus 
— and,  intleed,  when  artificial  stimulation  is  used  and  the  rate  is 
varied,  the  evidence  that  we  have  so  far  appears  to  show  that 
the  nerve  ceils  do  not  discharge  in  a  one  to  one  correspondence 
with  the  rate  of  .stimulation,  as  is  the  case,  within  limits,  for 
muscle  and  nerve  fibers.  On  the  contrary,  under  such  circum- 
stances the  thscharge  from  the  nerve  cells  takes  place  in  a  rhythm 
characteristic  of  the  cells  and  independent  of  that  of  the  stimula- 
tion.* From  this  point  of  view  we  must  look  ui>on  these  nerve 
cells  as  fwssessing  fundamentally  a  rhythmic  activity,  as  in  the 
case  of  the  lieart.  There  is  no  doul>t,  however,  that  some  at  least 
of  the  motor  cells  of  the  spinal  cord  can  be  stimuiatetl  by  a  single 
stimulus  so  as  to  respond  with  a  single  discharge  instead  of  a  rhjih- 
mical  scries  of  discharges.  As  will  be  descril)ed  below,  the  knee- 
kick  is  a  simple  muscular  contraction,  not  a  tetanus,  which  is 
aroased  by  reflex  stimulation  of  the  corresponding  motor  cells  in 
the  spinal  vanL 

The  Refractory  Period  of  the  Nerve  Cell. — It  will  i>e  recalled 
that  the  nerve  fiber  exhibits  what  \s  I'alled  a  refractory  tjeriod  for  a 
*  Horslcy  and  .Schafer,  "Journal  of  PhysioloBy,"  7,  96,  1886. 
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brief  interval  (0.002  to  0.006  sec.)  after  it  is  stimulated.  During 
this  period  it  is  not  irritable  to  a  second  stimulus.  The  same 
phenomenon  is  exhibited  to  a  marked  degree  by  the  heart  muscle 
and  likewise  by  many  nerve  cells.  In  the  motor  nerve  cell  which 
shows  the  property  of  discharging  a  series  of  impulses  with  rhythmic 
r^ularity  it  may  be  supposed  that  the  refractory  period  is  marked, 
and  indeed  is  connected  probably  with  the  rhythmic  character  of 
the  cell's  activity.  But  in  this  as  in  other  properties  it  is  certain 
that  there  are  great  differences  in  the  many  varieties  of  nerve  cells 
found  in  the  central  nervous  system.  While  those  that  act  rhyth- 
mically have  probably  a  relatively  long  refractory  period,  others 
may  exhibit  a  period  of  unirritability  but  little  longer  than  that 
shown  by  the  nerve  fibers.  In  the  case  of  the  reflex  motor  centers 
in  the  lumbar  spinal  cord  of  the  frog  it  is  stated  (Langendorff)  that 
a  second  stimulus  falling  at  an  interval  of  0.04  sec.  after  the  first 
b  effective.  The  refractory  period  of  these  cells  is  less,  therefore, 
than  this  interval. 
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Definition  and  Historical. — By  a  reflex  action  we  mean  the 
involuntarj'  production  of  activity  in  some  peripheral  tissue  through 
the  efferent  nerve  fibers  connected  with  it  in  consequence  of  a 
stimulation  of  afferent  nerve  fibers.  The  conversion  of  the  sensor>' 
or  afferent  impulse  into  a  motor  or  efferent  impulse  is  effected  in 
the  nerve  centers,  and  may  be  totally  unconscious  as  well  as  invol- 
untary,— for  instance,  the  emptying  of  the  gall-bladtier  during 
digestion,  or  it  may  be  accompanied  by  consciousness  of  the  act, 
a.s,  for  example,  in  the  winking  reflex  when  the  eye  is  touched. 
The  application  of  the  term  reflex  to  such  acts  seems  to  have  been 
made  first  by  Descartes*  (1649),  on  the  analogj'  of  the  reflection 
of  light,  the  sen.sor>'  effect  in  these  cases  being  reflected  back,  so 
to  speak,  as  a  motor  effect.  The  attention  of  the  earh"  physiologists 
was  directed  to  these  involuntary  movements  and  many  instances 
were  collected,  both  in  man  and  the  lower  animals.  Their  invol- 
untary' character  was  emphasized  l\v  the  discovery  that  similar 
movements  arc  given  by  decapitated  animals, — -frogs,  eels,  etc. 

Some  of  the  earlier  physiologists  thought  that  the  reflex  might 
occur  in  the  anastomoses  of  the  nerve  tnmks,  but  a  convincing 
proof  that  the  central  nervous  sj'stem  is  the  place  of  reflection  or 
turning-point  was  given  by  Wh>tt  (1751).  He  showed  that  in  a  de- 
capitat('<l  frog  the  reflex  movements  are  aboli8he<l  if  the  spinal  cord 
is  destroyed.  Modern  interest  in  the  subject  was  excited  l>y  the 
numerous  works  of  Marshall  Hall  (18;J2-.57),  who  contributed  a 
number  of  new  facts  with  regard  to  such  acts,  and  formulated  a 
view,  not  now  accepted,  that  thewe  reflexes  are  mediated  by  a  spe- 
cial set  of  fibers — the  excitomotor  hbi-rs. 

In  describing  reflexes  the  older  physiologists  had  in  mind  only 
reflex  movenicnts,  but  at  the  present  time  we  recognize  that  the 
reflex  act  may  affect  not  only  the  muscles, — voluntary",  mvoluntary, 
and  cardiac, — but  also  the  glands.  We  have  to  deal  with  reflex 
secretions  as  well  as  reflex  movements. 

The  Reflex  Arc. — It  is  imjilied  in  the  definition  of  a  reflex 
that  both  sensory  and  motor  paths  are  concerned  in  the  act.     Ac- 

*  See  I'yckliani.  "Ceschichte  der  luitwiekeluuK  der  Lehre  von  lien  Reflex- 
erscheluuDgen,"  "  fieilrage  aur  Atmtontie  u.  Physiologie,"  Giessen,  1881,  voL 
ix. 
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cording  to  the  neuron  theory,  therefore,  the  simplest  reflex  arc 
mast  consist  of  two  neurons:  the  sensory  neuron,  whose  cell 
body  lies  in  the  sensory  ganglia  of  the  posterior  roots  or  of 
the  cranial  nerves,  and  a  motor  neuron,  whose  nerve  cell  lies 
in  the  anterior  horn  of  ^ay  matter  of  the  cord  or  in  the  motor 
nucleus  of  a  cranial  nerve.  The  reflex  arc  for  the  spinal  cord 
is  represented  in  Fig.  66.  Thr  arr  may,  however,  be  more 
complex.  The  sensory  fibers  entering  through  tlie  posttTior 
roots  may  pass  upward  through  tiie  entire  length  of  the  cord 
to  end  in  the  medulla,  and  on  the  way  give  off  a  number  of 
collaterals  as  is  represented  in  Fig.  67,  or  they  may  make 
connections  with  intermediate  cells  which,  in  turn,  are  con- 
nected with  one  or  more  motor  neurons  (Fig.  68).     According 


4Mt, — Schema  to  show  the  coDnection  between  the  neuron  of  the  poeterior  root  and  th« 
neuron  of  the  anterior  root, — the  reflex  «ro. 

Eibthonc  schemata,  one  sensory  fiber  may  establish  reflex  connections 
with  a  number  of  different  motor  fillers,  or,  a  fact  which  must  be 
home  in  mind  in  studying  some  of  the  well-known  reflex  activities 
M  the  cord  and  metlulla  especially,  a  sensor>'  fiber  carrj'ing  an 
impulse  which  eventually  reaches  the  cortex  of  the  cerebrum  and 
gives  rise  to  a  conscious  sensation  may,  by  means  of  its  collaterals, 
connect  with  motor  nuclei  in  the  cord  or  medulla  and  thus  at  the 
same  time  give  origin  to  involuntary  and  even  unconscious  re- 
flexes. Painful  stimulation  of  the  skin,  for  example,  may  give 
us  a  conscious  sensation  of  pain  and  at  the  .^ame  time  reflexly 
stimulate  the  vasomotor  center  and  cause  a  constriction  of  the 
Bmall  arteries.  The  fact  that  in  this  case  two  distinct  events  occur 
does  not  necessitate  the  assumption  that  the  impulses  from  the 
okttAre  carried  to  the  cord  by  two  ditYoreut  varieties  of  fibers. 
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It  may  well  be  that  one  variety  of  sensory  neuron,  the  so-called 
pain  fibers,  effects  both  reaiilts,  because  of  the  opportunities  in 
the  cord  for  connections  with  different  groups  of  nerve  cells. 

The  Refler  Frog. — The  motor  reflexes  fnim  the  spinal  cord 
can  be  studied  most  successfully  upon  a  frog  in  wWch  the  braia 
has  been  destroyed  or  whose  head  has  been  cut  off.  After  such 
an  operation  the  animal  may  for  a  time  suffer  from  shock,  but 
a  vigorous  animal  will  usually  recover  and  after  some  hours  will 


Fie.  tt". — KOIliker's  whcma  to  show 
the  ijirei't  reflex  arc.  It  «h<iws  the  po«- 
torior  rrwt  fiber  (bltick)  enterinK  tho 
oord.  di^niii-tiK  in  Y.  a^J  ciinnectiiiK  with 
motor  oeUa   (rod)    by   means  of  cuUater- 


FiE-  68.  — KOUiker's  stcbemk  to 
sbow  the  reflex  arc  with  interc&l- 
Hted  tnu3t  cells.  PoeC«riar  root  fiber, 
biack;  intercalatod  tract  cell,  blue; 
motor  oella,  red. 


exhibit  reflex  movements  that  are  most  interesting.  The  funda- 
mental characteristics  of  reflex  movements  in  their  relations  to  the 
place,  intensity,  and  quality  of  the  stimulus  can  be  studied  with 
more  ease  upon  an  animal  whose  cord  is  thus  severed  from  the 
brain  than  upon  a  normal  animal.  In  the  latter  case  the  connec- 
tions in  the  nervous  system  are  more  complex  and  the  reactions 
are  therefore  less  simple  and  less  easily  kept  constant. 

Spinal  Reflex  Movements. — The  reflex  movements  obtained 
from  the  spiuut  cord  or  from  uther  parts  of  the  central  nen'oussystem 
may  be  divided  into  three  groups  by  characteristics  that  are  physio- 
logically significant.  These  classes  are:  (1)  Simple  reflexes,  or 
those  in  which  a  single  muscle  is  affected.    The  best  example  of 
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this  group  is  perhaps  the  winking  roHex,  in  which  only  the  orbic- 
ulans  palpebrarum  is  concerned.  (2)  Co-ordinated  reflexes,  in 
which  a  number  of  muscles  react  with  their  contractions  so  grad- 
uated as  to  time  and  extent  as  to  produce  an  orderly  and  useful 
movement.  (3)  Convulsive  reflexes,  such  as  are  seen  in  .spasn^, 
in  which  a  number  of  muscles — perhaps  all  the  muscles — are  con- 
tntcted  convulsively,  without  co-ordination  and  with  the  pro- 
duction of  disorderly  and  useless  nio\'ement8.  Of  these  groups, 
the  co-ordinated  reflexes  are  by  far  {he  most  interesting.  They 
can  be  obtained  to  perfection  from  the  reflex  frog.  In  such  an 
animal  no  spontaneous  movements  occur  if  the  sensor^'  surfaces  are 
entirely  protected  from  stimulation.  A  sudden  stimulus,  however, 
of  sufficient  strength  applied  to  any  part  of  the  skin  will  give  a 
definite  and  practically  invariable  res}X)nse  in  a  movement  which 
hn^  the  appearance  of  an  intenticuial  effort  to  esrai>e  from  or  remove 
the  stimulus.  If  the  toe  is  pinched  the  foot  is  withdrawn — in  a 
gentle  manner  if  the  stimulus  is  light,  more  rapidly  and  ^•iolently, 
but  still  in  a  co-ordinated  fashion,  if  the  stimulus  is  strong.  If 
the  animal  is  suspended  anfl  various  spots  on  its  skin  are  stimulate*! 
.by  the  application  of  bits  of  paper  moistened  with  dilute  acetic 
ritl  the  animal  will  make  a  neat  and  skillful  movement  of  the 
irresponding  leg  to  remove  the  stimulating  body.  The  reactions 
ly  be  varied  in  a  numlx^r  of  ways,  and  in  all  ca.ses  the  striking 
iiures  of  the  reflex  response  are,  first,  the  seemingly  purposeful 
liararter  of  the  movement,  and,  .>«cond.  the  almost  mechanical 
ictness  with  which  a  delinite  stinuikis  will  give  a  definite  response. 
>is  definiti*  relation.ship  holds  otdy  for  sensory  stimulation  of  the 
aernal  integument,  the  skin  and  its  organs.  It  is  obviou.s,  in 
Id.  ihul  a  muscvdar  response  can  be  effective  only  for  stimuli 
i^ating  from  the  external  .surface.  Stimuli  from  the  interior 
the  Ixnly  exert  their  reactions,  for  the  most  part,  upon  the  plain 
ilature  and  the  glands.  The  convulsive  reflexes  may  lie 
iceil  by  two  different  means:  (1)  Hy  very  hitense  sen.soty 
timukilion.  The  reflex  response  in  this  ca.se  overflows,  as  it  were, 
tf»  all  the  motor  paths.  A  variation  of  thi.'^  method  is  .seen  in  the 
pJl-known  convulsive  reaction  that  follows  tickling.  In  this  case 
tinudus,  although  not  intense  from  an  objective  standpoint, 
r'iously  violent  from  the  standpoint  of  its  effectiveness  in 
mdiug  into  the  central  nervous  system  a  series  of  maximal  .sensory 
ipukes.  (2)  By  heightening  the  irritability  of  the  central  nervous 
utem.  Upon  the  reflex  frog  this  effect  is  obtained  nio^t  readily 
ibc  u.'h;  of  strychnin.  A  little  .stiychnin  injected  un<Ier  the 
Lin  is  soon  absorbetl  and  its  e{T«'ct  is  shown  at  first  l)y  a  greater 
tjtiveness  to  cutaneous  stimulation,  the  slighti^t  touch  to 
>e  foot  causing  its  withdrawal.  5xK>n,  however,  the  respon.st>, 
«tca(l  of  l>eing  orderly   and  adapted   to  a  useful  end,   l>e<'omes 
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convulsive.  A  mere  touch  of  the  skin  or  a  current  of  :ur  will  throw 
everj'  muscle  ijito  contraction,  and  the  extensors  being  stronger  than 
the  flexors  the  animal's  bo(iy  becomes  rigid  in  extension  at  every 
stimulation.  The  explanation  usually  given  for  this  result  i.<;  that 
the  strychnin,  acting  upon  some  puit  of  the  ner\e  cells,  increases 
greatly  their  irritability,  so  that  when  a  stimulus  is  sent  into  the 
central  nervous  system  along  any  sensorj-  path  from  the  skin  it 
apj)areiitiy  radiates  throughout  the  cord  and  acts  upon  all  the 
motor  cells.  This  latter  supposition  leads  to  the  interesting  con- 
clusion that  all  the  various  n^otor  neurons  of  the  cord  must  l)e  in 
physiological  connection,  either  direct  or  indirect,  with  all  the 
neurons  supplying  the  cutaneous  surface.  The  further  fact  tliat 
under  normal  conditions  the  effect  of  a  given  sen?or>'  stimuhis  is 
manifested  only  on  a  limited  and  practically  constant  number 
of  the  motor  neurons  seems  to  implv,  therefore,  that  normally  the 
paths  to  these  neurons  are  more  direct  and  the  resistance,  if  we 
may  use  a  somewhat  figiu'ativc  term.  Is  less  than  that  offered  by 
other  possible  paths.  Muscular  sf)!i.>^ms  are  observed  under  a  number 
of  pathological  conditions. — for  instance,  in  hydrophobia.  We  are 
at  liljerty  to  assume  in  such  cases  that  the  toxins  produced  by  the 
disease  affect  the  irritability  of  the  cells  in  much  the  same  way  as 
the  strychnin. 

Theory  of  Co-ordinated  Reflexes. — The  purposeful  character 
of  the  co-ordinated  reflexes  in  the  frog  gives  the  impression  to  the 
observer  of  a  conscious  choice  of  movements  on  the  part  of  the 
brainless  animal.  Most  physiologists,  however,  are  content  to  see 
in  these  reactions  only  an  expression  of  the  automatic  activity 
of  a  mechanism.  It  is  assumed  that  the  sonsorv-  impulses  from 
any  part  of  the  skin  find,  on  reaching  the  cord,  that  the  paths  to 
a  certain  group  of  motor  neurons  are  more  direct  and  offer  less 
resistance  than  any  others.  It  is  along  these  paths  that  the  reflex 
will  take  place,  and  we  may  further  assume  that  these  paths  of 
least  resistance,  as  they  ha^•c  been  called,  are  in  part  preformed 
and  in  part  are  laid  do^\■n  by  the  repeated  experiences  of  the  indi- 
vidual. That  is,  in  each  animal  a  definite  stnicture  may  be  sup- 
posed to  exi.st  in  the  cord;  each  sensory  neuron  is  connect*(d  with 
a  group  of  motor  neurons,  to  some  of  them  more  directly  than  to 
others,  and  we  may  imagine,  therefore,  a  sj'stem  of  reflex  apparatuses 
or  mechanisms  which  when  properly  stimulated  will  react  always 
}f\  the  same  way.  And,  indeed,  in  spite  of  the  adapted  character 
of  the  reflexes  under  consitieration  their  automatfm-like  ivgvdarity 
is  an  indication  that  their  production  is  due  to  a  fixed  mechanical 
arrangement.  Whether  or  not  the  reactions  of  the  nervous  system 
in  such  cases  are  accompaniefl  by  any  degree  of  consciousness  can 
not  be  proved  or  disproved,  but  the  assutnjition  of  such  an  accom- 
paniment does  not  seem  necessary  to  explain  the  reaction. 
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Spin/tl  Reflexes  in  the  il/am/na/.s, ^Experiments  upon  the  lower 
anuiials  show  that  co-ordinated  reflex  movements  may  be  ob- 
ned  from  the  cord  after  severance  of  its  connections  with  the 
,in.  Sherrington*  has  described  a  simple  operation  by  which  the 
may  be  removed  from  an  anesthetizeci  cat  and  the  animal  l^e 
kept  alive  for  a  number  of  hours.  Stimulation  of  the  skin  in  such 
an  animal  calls  forth  numerous  definite  reflexes,  such  as  flexion  or 
extension  of  the  legs,  the  scratching  movements  of  the  hind  legs, 
nHching  movements,  etc.  Or  the  spinal  cord  may  be  severed  in 
e  thoracic  region,  below  the  origin  of  the  phrenic  nerves,  and  the 
imal.  with  care,  can  be  kept  alive  for  months  or  years.  In  Hucb 
an  animal  reflex  movements  of  the  hind  legs  or  tail  may  lie  ob- 
tained readily  from  slight  sensory-  stinuilatiun  of  the  skin.  The 
knee-jerk  and  similar  scx-alled  deep  reflexes  are  also  retained.  But 
it  L^  evident  that  the>*e  inovenients  are  not  so  comjjlete  nor  so 
distinctly  adapted  to  a  useful  end  as  in  the  frog.  The  muscles  of 
the  body  supplied  by  the  i>ioliited  part  of  the  cord  retain,  however, 
a  normal  irritability  and  exiiibit  no  wasting.  In  man,  on  the 
contrary,  it  is  stated  that  after  complete  section  of  the  cord  the  deep 
flexes,  such  as  the  knee-jerk,  as  well  as  the  skin  reflexes,  are  very 
luickly  lost.  The  muscles  undergo  wasting  and  soon  lose  their 
bility.f  The  monkeys  exhibit  in  this  respect  a  condition  that 
ewhat  intermediate  bet^veen  that  of  the  dog  and  man.  It 
seems  e\-ident  from  these  facts  that  in  the  lower  animals,  like  the 
frog,  a  much  greater  degree  of  independent  activity  is  exhibited  by 
le  cord  than  in  the  more  highly  develope<l  animals.  According  to 
degree  of  development,  the  control  of  the  muscles  Ls  assumed 
and  more  by  the  higher  portions  of  the  nervous  system,  and 
le  spinal  cord  becomes  less  important  as  a  series  of  reflex  centers, 
functions  being  more  dejiendent  upon  its  connections  with  the 

centers. 
Dependence  of  Co-ordinated  Reflexes  upon  the  Excitation 
of  the  Normal  Sensory  Endings, — It  Ls  an  interesting  fact  that 
hen  a  nerve  trunk  is  stimulated  directly  in  a  reflex  frog — the 
iatic  nen'e,  for  instance — the  reflex  mo^'ements  arc  disorderly 
d  quite  unlike  those  obtained  by  stimulating  the  skin.  It  is  said 
at  if  the  skin  \te  loosened  and  the  nerve  twigs  arising  from  it  be 
imulated,  an  operation  that  Ls  quite  possible  in  the  frog,  the  re- 
tjse  b  again  a  disorderly  reflex,  whereas  the  same  fibers  stimu- 
lated through  the  skin  give  an  orderly,  co-ordinated  movement. 
TIjc  difference  in  response  in  these  ca.ses  is  probably  not  due  to  any 
peculiarity  in  the  nature  of  the  sen.sory  impulses  originating  in  the 
nerve  endings  of  the  skin,  but  more  likely  to  a  difference  in  their 
strength  and  arrangement.     When  one  stimulates  a  sensory  nerve 

•Sherrington,  "Journal  of  Physiology,"  38,  375,  1909. 
t  Bee  Collier,  "  Brain,"  1904,  p.  38. 
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trunk  directly, — the  ulnar  nerve  at  the  elbow  in  ourselves,  for  in- 
stance,— the  resulting  sensations  are  markedly  different  from  those 
obtained  by  stimulating  the  i^kin  areas  supplied  by  the  same  nerve; 
we  have  little  or  no  sensations  uf  touch  or  temperature,  only  pain 
and  a  peculiar  tingling  in  the  fingers.  In  such  an  experiment  the 
stimulus  applied  to  the  trunk  affects  more  or  less  equally  all  the 
contained  fibers,  whereas  in  stimulation  of  the  skin  itself  the  effect 
upon  the  cutaneous  fibers  of  pressure,  temjierature,  or  pain  pre- 
dominates and  presumably  it  Ls  these  fibers  that  normally  are  con- 
nected in  an  efficient  way  with  the  refiex  machinerj-  in  the  nerve 
centers. 

Reflex  Time.— 'Since  nerve  centers  are  involved  in  a  reflex 
movement,  a  deter njination  «f  the  total  time  between  the  appli- 
cation of  the  stimuius  and  the  lieginninp  of  the  response  gives 
a  means  of  ascertaining  the  time  needed  for  the  processes  within 
the  nerve  cells.  Helmholtz,  who  first  made  experiments  of  this 
kind,  stated  that  the  time  required  within  the  nerve  centers 
might  be  as  much  as  twelve  times  as  great  as  that  estimated 
for  the  conduction  along  the  motor  and  sensory  nerves 
involved  in  the  reflex.  Most  observers  state  that  the  time 
within  the  center  varies  with  the  strength  of  the  stimulus, 
being  less^  the  stronger  the  stimulu.s.  It  varies  also  with  the 
condition  of  the  nerve  centers,  being  lengthened  by  fatigue 
and  other  conditions  that  depress  the  irritability  of  the  nerve 
cells.  By  reflex  time  or  reduced  reflex  time  we  may  designate 
the  time  required  for  the  processes  in  the  center, — that  is,  the  total 
time  less  that  required  for  transmission  of  the  impul.se  along  the 
motor  and  sensory  fillers  and  the  lak-nt  jMriod  of  the  muscle  con- 
traction. For  the  frog  this  is  estimated  as  varying  between 
O.OOH  and  0.015  sec.  In  man  the  reflex  time  usually  quot^ed  is  that 
given  by  Exncr  for  the  winking  of  the  eye.  He  stimulated  one  lid 
electrically  and  recorded  the  reflox  movement  of  the  lid  of  the  other 
eye.  The  total  time  for  the  reflex  was,  on  an  average,  from  U.l}578 
sec.  to  0.0662  sec.  He  estimated  that  the  time  for  transmission  of 
the  impulse  along  the  sensory  and  motor  paths,  together  with  the 
latent  petioil  of  the  muscle,  amounted  to  0.0107  sec.  So  that  the 
true  reflex  thue  from  his  determinations  varied  between  0.0471  and 
0.0555  sec.  Mayhew,*  u.sing  a  more  elaborate  method,  obtained 
for  the  total  time  a  mean  figure  equal  to  0.0420  sec.  If  Exner's 
correction  is  applied  then  the  true  reflex  time  acrording  Uy  this  de- 
termination is  equal  to  0.0."iI3  sec.  In  a  series  of  experiments 
made  upon  frogs,  in  which  the  efferent  response  to  stimulation 
of  the  afferent  fibers  of  the  sciatic  nerve  was  measured  by  the 
electrical  variation  in  the  muscle  involved,  Buclianan  finds  that 
the  delay  in  the  cord,  wlien  the  reflex  was  on  the  same  side,  was 
♦  Mayiiew,  ".loumal  of  Exp.  Medicinp, "  2,  '.i5,  1897. 
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ual  to  0.01  to  0.02  sec.     If  the  refle.x  was  on  the  crossed  side 

jkbout  double  this  lime  was  consumed  in  the  cord.     This  delay 

f  the  velocity  of  transmission  of  an  impulse  in  the  nerve  centers 

r  which   must  vary  somewhat  in  different  parts  of  the 

system.     It  has  been  shown  that  in  certain  cases,  at 

least,  when  strong  stimuli  are  used  tiie  latent  period  of  a  reflex 

IB  not  greater  than  would   be  accounted  for  by  transmission 

rough  the  nerve  fibers  and  by  the  latency  of  the  muscular 
eontraction.  Thus  Francois  Frank,  in  an  experiment  in  which 
the  gastrocnemius  muscle  of  one  side  was  made  tu  contract 
reflexly  by  stimulation  of  the  afferent  root  of  a  lumbar  nerve 
on  the  other  side,  records  a  latent  period  of  only  0.017  sec. 
tvidently  in  such  a  case  there  was  no  perceptible  delay  in 
passing  through  the  nerve  centers  of  the  lumbar  cord. 

Inhibition  of  Reflexes. — One  of  the  most  funflaniental  facts 

garding  spinal  reflexes  is  the  demonstration  that  they  can  be 
depressed  or  suppressed  entirely — that  is.  inhibited — by  other  im- 
pulses reaching  the  same  part  of  the  spinal  cord.  The  most  sig- 
nificant experiment  in  this  connection  is  that  made  by  Setschenow.* 
If  in  a  frog  the  entire  brain  or  the  cerebral  hemispheres  are  re- 
moved, then  stimulation  of  the  exposed  cut  surface — for  instance, 
by  crystals  of  sodium  chlorid — will  depress  greatly  or  (jerhaps 
inhibit  entirely  the  usual  spinal  refle.xes  that  may  be  obtained  by 
cutaneous  stimulation.  On  removal  of  the  stimulating  substance 
from  the  cut  surface  by  washing  with  a  stream  of  physiological 
saline  (solution  of  sodium  chlorid,  0.7  per  cent.)  the  reflex  activities 
of  the  cord  are  again  exhibited  in  a  normal  way.  This  experiment 
accords  with  many  facts  which  indicate  that  the  brain  may  inhibit 
the  activities  of  the  spinal  centers.  In  the  reflex  from  tickling, 
for  instance,  we  know  that  by  a  voluntary  act  we  can  repress  the 
muscular  movements  up  to  a  certain  point;  so  also  the  limited 
control  of  the  action  of  the  centers  of  respiration  and  micturition 
b  A  phenomenon  of  the  same  character.  To  explain  such  acts  we 
msy  assume  the  existence  of  a  definite  set  of  inhibitory  fibers, 
arising  in  parts  of  the  brain  and  distributed  to  the  spinal  cord, 
whose  function  is  that  of  controlling  tlie  activities  of  the  spinal 
centers.  In  view  of  the  fact,  however,  that  there  is  no  independent 
proof  of  the  existence  of  a  separate  set  of  inhibitor)-  fibers  within 
the  central  nervous  system — that  is,  a  set  of  fibers  whose  specific 
energy  is  that  of  inhibition— it  is  preferable  to  speak  simply  of 
the  inhibitory  influence  of  the  brain  upon  the  cord,  leaving  unde- 
cided the  question  as  to  whether  this  influence  is  exerted  through 
»  special  set  of  fibers,  or  is  brought  about  by  some  variation  in 

*  Setaphenow,  "  Phyniolninsche  Studien  ijber  J.  Hennnungs-MecbanLtUiea 
t  <L  ReflexthAtigkeit  ita  Gehim  d.  Frosches/'  B«rtia,  1863. 
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the  time  relations,  intensity,  or  quality  of  the  nerve  impulses. 
Regarding  the  fact,  however,  there  can  be  no  question,  and  it 
constitutes  u  most  important  fat-tor  in  the  interaction  of  the  dif- 
ferent parts  iif  the  nervous  system.  It  is  pttasible  that  this  factor 
explains  why  a  nornia]  frng  gives  reflexes  that  are  so  much  less 
constant  and  less  predictable  than  one  with  its  brain  removed. 
A  similar  inhibition  of  spinal  reflexes  may  be  obtained  by  simul- 
taneous stimulation  of  two  different  parts  of  the  skin.  The 
usual  reflex  from  pinching  the  toe  of  one  leg  may  be  inhibited  in 
part  or  completely  by  simultaneous  stimulation  of  the  other  leg 
or  by  direct  electrical  stimulation  of  an  exjiosed  nerve  trunk.  A 
similar  interference  is  illustrated,  perhaps,  in  the  well-known 
device  (jf  inhibiting  an  act  of  sneezing  by  a  strong  sensory 
stimulation  from  some  part  of  the  skin — for  instance,  by  pressing 
upon  the  upper  lip.  The  importance  of  the  process  of  inhibition 
in  the  normal  m«)vements  of  the  body  is  illustrated  strikingly 
by  the  phenomenon  kmnvn  as  reciprocai  initcrvatioii,  which  has 
been  investigated  rfiiefly  by  Sherrington.*  This  observer  has 
found  that  when  a  flexor  muscle  is  stimulated  reflexly  there  is 
at  the  same  time  a  relaxation  or  loss  of  tone  in  its  antagonistic 
extensor,  which  is  ex]>lained  a.«i  lieingdue  to  an  inhibition  of  the 
motor  cells  of  the  extensor  in  tlie  cord.  Reflex  stimulation  of 
the  extensor  is  accompanied  similarly  by  an  inhibition  of  the 
tone  of  the  antngonistic  flexor.  This  phenomenon  has  been 
demonstrated  n<it  only  for  reflex  stimulation  of  the  cord  but 
also  for  voluntary  movements  (Athanasieu)  and  for  electrical 
stinmlution  of  the  cortical  renters.  The  motor  centers  of  the 
muscles  surrounding  the  joints  are  apparently  so  connected  in 
pairs  that  when  one  is  excited  the  center  of  the  corresponding 
antagonist  is  inhibited.  Tliis  reciprocating  mechanism  dis- 
appears under  conditions,  such  as  strychnine-jKiisoning,  in  which, 
according  to  the  usual  belief,  the  irritability  of  the  centers  is 
greatly  increased.  A  relationship  quite  comparable  to  the 
reciprocal  innervation,  although  working  in  only  one  direction, 
is  exhibited  by  the  pen{)heral  nerve  plexuses  in  the  intestinal 
canal  in  the  so-called  law  of  the  intestines  (see  p.  715).  A 
brief  statement  of  the  more  or  less  unsatisfactory  theories  of 
inhibition  is  given  in  connection  with  the  inhibitory  action  of  the 
vagus  nerve  on  the  heart  beat  (see  p.  581).  It  should  he  added, 
however,  in  this  connection,  that  stiumlation  of  the  cord,  and 
probably  of  other  parts  of  the  nervous  system,  fnun  two  different 
sources  may  result  not  only  in  an  inhibition  of  the  reflex  normally 
occurring  from  one  of  the  stimuli,  !>ut  under  some  circumstances 

•  Sherrington,  "The  Integrative  Actioo  of  tlie  Nervous  System,"  1908, 
p.  84. 
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m»y  give  an  augmentation  or  reinfon-ement  of  the  reflex.  A 
striking  example  of  this  augmenting  effect  is  given  helow  in  the 
paragraph  upon  the  knee-kick. 

Influence  of  the  Condition  of  the  Cord  on  its  Reflex  Ac- 
tivities.— The  time  and  extent  of  the  reflex  responses  may  be 
altered  greatly  by  various  influences,  particularly  by  the  action 
of  drugs.  The  effect  in  such  cases  is  usually  upon  the  nerve  centers, 
— that  is,  upon  the  cells  themselves  or  upon  the  synapses,  that  is  to 
say,  the  connections  between  the  terminal  arborization  and  the 
dendrites — ^the  process  of  conduction  within  the  sensory  and 
motor  fibers  being  less  easily  affected.  A  convenient  method 
of  studying  such  influences  is  that  employed  bi''  Tiirfk.  In 
this  method  the  reflex  frog  is  suspended,  and  the  tip  of  the 
longest  toe  is  immersed  to  a  definite  point  in  a  solution  of  sul- 
phuric acid  of  a  strength  of  0.1  to  0.2  per  cent.  If  the  time 
between  the  immersion  and  the  reflex  withdrawal  of  the  foot  is 
noted  by  a  metronome,  or  by  a  record  upon  a  kymograph,  it  will 
be  foimd  to  be  quite  constant,  provided  the  conditions  are  kept 
uniform.  If  the  average  time  for  this  reflex  is  obtained  from  a 
aeries  of  observations  it  is  possible  to  inject  various  substances^ 
Buch  as  str\-chnjn,  chloroform,  potassium  bromlf!,  qulnin,  etc.— 
un<ler  the  skin,  and  after  absorption  has  taken  place  to  iletermine 
the  effect  by  a  new  series  of  ol>scrvation8.  So  far  as  drugs  are 
concerned  the  results  of  such  experiments  belong  rather  to  pharma- 
rologv  than  to  physiology'.    The  method  in  some  cases  brings  out  an 

■  ir  -  'ig  difference  in  the  effects  of  various  kinds  of  stimulation. 
J^  III,  for  instance,  as  was  stated  above,  increases  greatly  the 

delicacy  of  the  reaction  to  pressure  stimulation.     At  one  stage  in 
its  action  before  the  con\'ulsive  responses  are  obtained  the  threshold 
BtimuUis  is  greatly  lowered, — mere  contact  with  the  toes  causes  a 
^kapid  retraction  of  the  leg;  whereas  in  the  normal  reflex  frog  a 
^■elativel}'  large  pressure  is  necessary  to  obtain  a  similar  response. 
^H^t  this  stage  in  the  action  of  the  strychrun  tlie  effect  of  the  acid 
^Ttimulus,  on  the  contrary',  may  be  market! ly  weakened  so  far  as 
the  time  clement  is  concerned.     If  the  action  of  the  strj-chnin  is 
not  too  rapid,  it  is  usually  possible  to  find  a  point  at  which  the 
time  for  the  reflex  is  diminished,  but  this  effect  quickly  disappears 
d  the  period  between  stimulus  and  response  l>ecomes  markedly 
ncd  at  a  time  when  the  slightest  mechanical  stimulation  gives 
reflex  movement.     This  paradoxical  result  may  depend  peb- 
bly upon  the  variety  of  nerve  fiber  stimulated  by  the  two  kinds 
stimuli  or  may   be  connected   with   the   fact  that  the   acid 
muli  may  bring  about  inhibitor}'  as  well  as  excitatory  processes 
the  cord. 

Reflexes  from  Other  Parts   of   the  Nervous   System. — Nu- 
typical  reflexes  are  known  to  occur  in  the  brain.     The 
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reflex  effects  upon  the  important  centers  in  the  medulla,  such 
as  the  vasomotor  center,  the  respiratory  center,  and  the  canlio- 
inhibitory  center,  the  winking  of  the  eye,  sneezing,  the  light  reflex 
upon  the  sphincter  muscle  of  the  iris,  and  many  other  similar  cases 
might  be  enumerated.  All  of  the.se  reactions  will  be  descriljed 
and  discussed  in  their  proper  places.  The  conscious  reaction.s  of 
the  brain  are  not  included  among  the  reflexes  by  virtue  of  the  defi- 
nition which  lays  stress  upon  the  involuntarv'  characteristic  of  the 
reflex  response,  but  it  should  be  remembered  that,  so  far  as  the 
nervous  mechanism  is  concerned,  these  conscious  reactions  do  not 
differ  from  the  true  reflexes.  When  we  vokmtarily  move  a  limb 
the  movement  is  guided  and  controlled  by  sensory  impulses  from  the 
muscles  put  into  action.  The  fibers  of  muscle  sense  from  these 
muscles  convey  sensor}'  impulses  through  a  chain  of  neurons  to 
the  cortex  of  the  brain  and  there  tlie  impulses  doubtless  affect  and 
set  into  action  the  motor  neurons  through  which  the  movement  is 
effected.  So  far  as  we  know,  the  discharges  from  the  efferent 
neuron  of  the  brain  are  not  really  automatic,  but  are  conditioned 
or  originated  by  stimuli  from  other  neurons;  so  that  the  activities 
of  the  brain  are  carried  on  by  a  mechanism  of  one  neuron  acting 
on  another,  just  as  in  the  case  of  the  reflex  arc.  The  added  feature 
of  a  psychical  factor,  a  reaction  in  consciousness,  enables  us  to  draw 
a  line  of  distinction  between  the.se  activities  and  those  of  so-called 
pure  reflexes;  but  the  distinction  Ib  perhaps  one  of  convenience 
only,  for,  although  the  extremes  may  be  far  enough  apart  to  suit 
the  definition,  many  intermetliate  instances  may  be  found  which 
are  difficult  to  classify.  All  skilled  movements,  for  instance,  such 
as  walking,  singing,  dancing,  bicycle  riding,  and  the  like, — although 
in  the  lieginning  obviously  effected  by  voluntary  co-ordination, 
nevertheless  in  the  end.  in  proportion  to  the  skill  obtained,  become 
more  or  less  entirely  reflex, — that  is,  in%'oluntar\'.  In  learning 
such  movements  one  must,  as  the  saying  goes,  establish  his  reflexes, 
and  the  result  can  hardly  be  understood  otherwise  than  by  suppos- 
ing that  the  continual  adjustment  of  certain  sensor\'  impulses  to 
certain  co-ordinated  movements  results  in  the  formation  of  a  more 
or  less  complex  reflex  arc,  a  set  of  paths  of  lea.st  resistance. 

Reflexes  through  Peripheral  Ganglia — Axon  Reflexes. — 
Many  attempts  have  been  made  by  physiologists  to  ascertain 
whether  or  not  reflexes  can  occur  through  the  peripheral  nerve 
ganglia,  lying  outside  the  central  nervous  system-  With  regard 
to  the  posterior  root  ganglia,  it  has  usually  been  supposed  that 
they  cannot  exhibit  reflexes.  When  the  posterior  root  con- 
necting such  a  ganglion  to  the  cord  is  severed,  then,  according 
to  our  usual  conception,  the  cells  in  the  ganglia  are  cut  off 
from   all   connections  with   the  peripheral    tissues  bv   efferent 
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ths.  This  usual  view  may  not,  however,  be  correct.  Or 
the  physitiloRical  side  we  have  the  fact  (see  p.  83)  that  stinui 
lation  of  certain  of  the  posterior  root  ganglia  undei  such  cir 
cumstances  does  give  peripheral  effects 
on  the  blood-ve&*els,  causing  a  vascular 
dilatation  in  a  certain  region.  On  the 
histological  side  Cajal*  and  others  have 
shown  that  some  of  these  cells  are  provided 
with  a  pericellular  nerve  network,  which 
is  an  afferent  path  so  far  as  the  cell  is  con- 
cerned, while  the  axon  of  the  coll  con- 
stitutes an  efferent  patli.  Whetlicr  these 
cells  form  a  special  group  of  efferent  cells 
Ijring  within  the  sensory  ganglion,  or 
whether  tliey  are  sensory  cells  discharging 
into  the  cord  and  stimuluted  refle.x]y 
through  the  nerve  network  as  well  as 
through  the  peripheral  process  of  the  axon, 
cannot  be  said.  The  subject  is  one  full 
of  interest  to  physiology.  In  the  gangHu 
of  the  sympathetic  nerve  and  its  appen- 
diiges  and  in  the  similar  ganglia  contained 
in  many  of  the  organs  the  nerve  cells  have 
dendritic  proces.ses,  and,  so  far  as  their 
histology  is  concerned,  it  would  seem  possi- 
ble that  in  any  ganglion  of  this  type  there 
might  be  sensory  and  motor  neurons  so 
connected    as   to    make    the    ganglion    an 

lependent     reflex     center.       Numerous 
riments    have    been    made    to    determine    experimentally 
whether  reflexes  can  be  obtained  through  such  ganglia.     Perhaps 
the  most  successful  of  these  experinients  have  been  made  upon 
the  inferior  mesenteric  ganglion. 

This  ganglion  may  be  isolated  from  all  connections  with 
the  central  nervous  system  and  left  attached  to  the  bladder 
through  the  two  hypogastric  nerves  (see  Fig.  287).  If  now  one 
of  these  nerves  is  cut  and  the  central  stump  is  stimulated,  a 
eontraction  of  the  bladder  follows.  Obviously  in  thi.s  ca-se  the 
impulse  has  traveled  to  the  ganglion  and  down  the  other  hy- 
pogastric nerve;  the  reaction  has  every  appearance  of  being  a 
true  reflex.  Nevertheless,  Lanpley  and  .Anderson, f  who  have 
ctudied  the  matter  with  especial  care,  are  convinced  that  in  thia 


Fig.  69.— Sdtema  to 
■how  idea  of  an  axon  re- 
flex :  The  pretcanKlionie 
fiber,  a,  sends  brancbea 
to  two  pot)t||^iiKUaiii(! 
fibem,  b,  e.  If  stunuiated 
at  X  the  impulse  p«aM 
backward  in  a  direction 
the  revenie  of  oarmftl  and 
fallitiK  into  It  soil  c  Kivee 
a  pKudoreflex  effect. 


1906. 


•  CajnI.  " Erjn'bniaae  (Jer  Anat.  u.  RntwickpIiingsgeBcliichtp,"  vol.  xvi.. 
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Digitized  by 


154 


PHYSIOLOGY    OF    CENTRAL    NERVOUS    SYSTEM. 


and  similar  cases  we  have  to  do  with  what  they  call  pseudo- 
reflexes  or  axon  reflexes.  The  idea  underlying  this  term  may 
t)e  explained  in  this  way:  Every  sympathetic  ganglion  is 
connected  with  the  central  nervous  system,  brain  and  cord, 
by  efferent  spinal  fibers,  {ireganglionic  fibers,  which  terminate  by 
arborization  around  the  dendrites  of  the  sympathetic  cells.  The 
efferent  fibers  arising  from  the  latter  may  be  designated  as  post- 
ganglionic fibers.  These  authors  give  reasons  to  believe  that  any 
one  preganglionic  fiber,  a,  Fig.  69,  may  connect  by  collaterals  with 
several  sympathetic  cells.  If  such  a  fiber  were  stimulated  at  x, 
then  the  impulse  passing  back  along  the  axon  in  a  direction  the 
reverse  of  normal  would  stimulate  cells  b  and  c,  giving  effects  that 
are  apparently  reflex,  but  which  differ  from  true  reflexes  in  that 
the  stimulating  axon  belongs  to  a  motor  neuron.  Under  normal 
circumstances  it  is  not  probable  that  an  effect  of  this  kind  can  be 
produced. 

The  Tonic  Activity  of  the  Spinal  Cord. — In  addition  to  the 
definite  reflex  activities  of  the  cord,  each  traceable  to  a  distinct 
sensory  stimulus,  there  is  evidence  to  show  that  many  of  its  motor 
neurons  are  in  that  state  of  more  or  less  continuous  activity  which 
we  designate  as  tonic  activity  or  tonus.  There  is  abundant  reason 
for  this  belief  in  regard  to  many  of  the  special  centers  of  the  cord 
and  brain,  such  as  the  vasomotor  center,  the  center  for  the  sphinc- 
ter muscle  of  the  iris,  the  centers  for  the  sphincter  muscles  of  the 
bladder,  the  anus,  etc.  But  the  evidence  includes  the  motor 
neurons  to  the  voluntary  as  well  as  the  involuntarj'  musculature. 
In  a  decapitated  frog  the  mu.5cles  take  a  definite  position,  and 
Brondgeest  showed  that  if  such  an  animal  is  suspendetl,  after  cut- 
ting the  sciatic  piexus  in  one  leg,  the  leg  on  the  uninjured  side 
takes  a  more  flexed  position.  The  explanation  offered  for  thia 
residt  is  that  the  muscles  on  the  sound  side  are  being  innervated 
by  the  motor  neurons  of  the  cord.  Inasmuch  as  a  result  of  this 
kind  cannot  be  obtained  from  a  frog  whose  skin  has  been  removefl, 
or  in  one  in  which  the  posterior  roots  have  been  severed  it  seems 
evident  that  this  tonic  discharge  from  the  motor  neurons  is  duo 
to  a  constant  inflow  of  impulses  along  the  sensory  paths.  The 
mxiscle  ton\!s,  in  other  words,  is  really  a  reflex  tonus,  which  differs 
from  ordinary  reflex  movements  only  in  the  absence  of  a  sudden, 
visible  contraction  and  in  the  more  or  less  continuous  character 
of  the  innervation.  In  the  section  on  animal  heat  the  importance 
of  this  constant  inner\'ation  of  the  muscles  as  a  source  of  heat  is 
further  emphasized.  The  idea  of  a  more  or  less  continuous  but 
varsing  activity  of  the  centers  in  the  brain  and  cord  in  consequence 
of  the  continuous  inflow  of  impulses  along  the  senson,-  paths  fits 
in  very  well  with  many  facta  observed  in  the  peripheral  organs, — 
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referred  to  from  time  to  time  as  the  physiology 
these  organs  is  considered. 

Effects  of  Removal  of  the  Spinal  Cord. — Numerous  investi- 
gators have  sectioned  the  rord  partly  or  completely  at  various 
levels.  The  general  results  of  these  exi>eriments  as  regards  loss 
of  sensation  or  voluntary  movement  are  described  in  the  next 
section  treating  of  the  cord  as  a  path  of  conduction  to  and  from 
the  brain.  But  attention  may  be  called  here  to  some  of  the  gen- 
eral results  obtained  by  Cloltz*  in  some  remarkable  experiments 
in  which  the  entire  cord  was  removed  with  the  exception  of  the 
cervicaJ  region  and  a  small  portion  of  the  upper  thoracic.  In 
making  this  experiment  it  was  necessary  to  jjerform  the  operation 
in  several  steps.  That  is,  the  cord  was  first  sectioned  in  the  upper 
thoracic  region  and  then  in  successive  operations  the  lower  tho- 
racic, lumbar,  and  sacral  regions  were  removed  completely.  Very 
great  care  was  necessary-  in  the  treatment  of  the  animals  after 
these  operations,  but  some  survived  and  lived  for  long  periods, 
he  digestive,  circulaton,^  and  excretory  organs  performing  their 
functions  in  a  normal  manner.  The  muscles  of  the  hind  limbs 
and  trunk,  however,  underwent  complete  atrophy,  owing  to  the 
destruction  of  their  motor  nerves.  The  blood-vessels  also  were 
paralyzed  after  the  first  operations,  but  gradually  their  muscu- 
lature again  recovered  tone,  showing  that,  although  under  normal 
conditions  the  tonic  contraction  of  the  vessels  is  under  the  in- 
fluence of  nerves  arising  from  the  cord,  this  tone  may  be  re-estab- 
i  lished  in  time  after  the  severance  of  all  spinal  coimections.  Some 
I  of  the  specific  results  of  these  experiments,  bearing  upon  the  re- 
I  flexes  of  defecation,  micturition,  and  parturition,  will  be  described 
^K later.  Attention  may  be  called  here  to  the  general  results 
^■illustrating  the  general  functions  of  the  cord. 
^H  In  the  first  place,  there  was,  of  course,  a  total  paralysis  of  volun- 
^"  tary  movement  in  the  muscles  inner\'ated  normally  through  the 
parts  of  the  cord  removed,  and  a  complete  loss  of  .sensation  in  the 
same  regions,  particularly  of  cutaneous  and  muscular  sensibility. 
In  the  second  place,  the  visceral  organs,  including  the  blood-vessels, 
were  shown  to  be  much  more  independent  of  the  direct  control  of 
^B  the  central  nervous  system.  While  these  organs  in  the  experiments 
^Honder  consideration  were  still  in  connection  with  the  sympathetic 
^^HMglia  and  in  part  with  the  brain  through  the  vagi,  still  their 
^^Hnicctions  with  the  central  nervous  system,  particularly  as 
regards  their  sensory  paths  and  the  innervation  of  the  blood-vessels, 
were  in  largest  part  destroyed.  The  immediate  effect  of  this 
destruction  would  have  been  the  death  uf  the  animal  if  the  care 


•  (Irtlta  and  Ewald,  "  PflQger's  Arcliiv  fQr  die  gesammte  Physiologic,"  63, 
862,  lii%. 
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of  the  observer  hiid  nut  replaced,  in  the  beginning,  the  normal 
control  exercised  by  the  ner\-ous  system  through  the  spinal  nerves; 
but  later  this  careful  nursing  was  not  required.  While  these  organs, 
therefore,  are  capable  of  a  certain  amount  of  independent  activity 
and  co-ordination,  they  are  normally  mntrolleti  through  the  various 
reflex  activities  of  tlie  brain  nnd  cord.  In  the  third  place,  it  is 
noteworthy  that  the  adaptability  of  the  cordless  portion  of  the 
animal  was  distinctly  less  than  normal.  Its  power  of  preservinc;  a 
constant  body  temperature  was  more  limited  than  in  the  normal 
animal,  and  the  susceptibility  to  inflammatory  di.sturbaiice>  in  the 
visceral  organs  was  greatly  increased.  It  seems  evident,  from  these 
facts,  that,  although  the  animal  w^as  living,  its  power  of  adaptation  to 
marked  changes  in  the  externa!  or  internal  environn^ent  was  greatly 
lessened,  and  this  fact  illustrates  well  the  great  general  importance 
of  the  spinal  cord  and  brain  as  reflex  centers  controlling  the  nutri- 
tion and  co-ordinated  activities  of  the  body  tissues  and  organs. 
This  control  is  necessary  under  normal  conditions  for  the  success- 
ful comV>ination  of  the  activities  of  the  various  organs.  A  large 
part  of  this  control  is  doubtless  dependent  upon  the  regulation  of 
the  blood  supply  to  the  various  organs.  The  mechanism  by  which 
this  is  effected  and  the  parts  played  by  the  cord  and  the  brain 
(medulla  oblongata),  respectively,  will  be  described  in  the  section 
on  Circulation. 

Knee-jerk. — Knee-jerk  or  knee-kick  is  the  name  commonly 
given  to  the  jerk  of  the  foot  when  a  light  blow  is  struck  upon  the 
patellar  ligament  just  below  the  knee.  The  jerk  of  the  fout  is 
due  to  a  contraction  of  the  quadriceps  feraoris  muscle.  Accord- 
ing to  Sherrington,  the  parts  of  this  muscular  nia.ss  chiefly 
concerned  are  the  m.  vastus  medialis  and  m.  vastus  intermedins. 
In  order  to  obtain  the  muscular  response  it  is  usually  neces- 
sary to  put  the  quadriceps  under  some  tensi<jn  by  flexion  of  the 
leg.  This  end  is  achieved  most  reatlily  by  crossing  the  knees 
or  b}'  allowing  the  leg  to  hang  freely  when  sitting  on  the  edge 
of  a  bench  or  table.  Under  such  circumstances  the  jerk  is 
obtained  in  the  great  majority  of  normal  persons,  and  this 
fact  has  made  it  an  important  diagnostic  s)gn  in  many  diseases 
of  the  spinal  cord.  The  importance  of  the  reaction  for  such 
purpo.ses  was  first  brought  out  by  the  v  ork  of  Erb  and  Westphal  * 
in  1S75. 

Reinforcement  of  the  Knee-jerk.— It  was  first  shown  by 
Jendrassik  (lS.s:i)  that  the  extent  of  the  jerk  may  be  greatly  aug- 
mented if.  at  the  time  the  blow  is  struck  upon  the  tendon,  a  strong 
voluntary  movement  is  made  by  the  individual,  such  as  squeezing 
the  hands  together  tightly  or  clenching  the  jaws.  This  phenomenon 
■  *  Erb  and  WeHtpliuJ,  "  Aicliiv  f.  PBVchiatrie,"  1875,  vol.  v. 
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Studied  carefully  in  this  cuuutrv  by  Mitchell  and  I-o.wis,*  who 
Brtained  that  a  similar  augmentation  may  be  produced  b}'^  giving 
the  individual  a  simultaneous  sensory  stimulation.  They  desig- 
ited  the  phenontenon  as  a  reinforcement,  and  this  name  is  gen- 
ly  employed  by  English  writers,  although  orca.sionaIly  the  term 
"Bahnung,"  introduced  by  Exner  to  de«eribe  a  similar  phenom- 
enon, is  alwi  used.  It  is  found  that  by  a  reinforcement  the  knee- 
jerk  may  be  demonstrated  in  some  individuals  in  whom  the  ordi- 
narv-  blow  upon  the  tendon  fails  to  elicit  a  response.  Bowditch  and 
Warrent  studied  the  phenomenon  of  reinforcement  and  brought  out 
a  fact  of  verA'  great  interest.  They  studied  especially  the  time 
interval  between  the  blow  upon  the  tendon  and  the  reinforcing  act 
and  found  that  if  the  latter  preceded  the  blo\v  by  too  great  an  inter- 
val then,  instead  of  an  augmentation  of  the  jerk,  there  was  a  dimi- 
nution which  they  designated  as  negative  reinforcement  or  inhi- 
bition. This  inhibiting  effect  began  to  appear  when  the  reinforcing 
act  (hand-squeeze)  preceded  the  blow  by  an  interval  of  from  0.22 
to  0.6  sec.,  ami  the  ma.ximum  inhibiting  effect  waa  obtained  at  an 
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i'tg.  70. — Shnwin;  in  millimMers  the  amount  by  wWch  the  "r*infiir<*eil"  knee-kiok 
■MWiJ  Iron)  lh«"  niirmal.  the  level  nf  whirh  !»  i-eprwietiteil  hy  the  horiinntiil  line  at  0,  "nor- 
m»i"  'rh<>  time  intm'al:*  •^liip-ing  bciwe<Mt  the  rleui;hiiii;  of  the  haiidi<  (which  couftituted 
tiMP  f*<ntof«emBiil>  mij  ihr  tup  on  the  tendon  are  marked  below.  The  reinforrenient  is 
gtmk^r^t  »!i''ij  ihf  I  Wo  fvriii*  ore  nearly  fimultaneous>.  .Kt  an  intentil  of  <J.4  wc.  it 
AiTv    .  f  ilic  next  U.6  wc.  tlie  heicht  of  the  kick  is  uctualiy   diminiiiheil, 

•di:  i-i:.  ihc  negative  rem  force  men  l  le:i(J<  to  disappear;   artii  when 

IT-'  '  the  hoiKtit  of  Ibe  kick  eeaau  to  be  affected  by  the  clenching  of 

Ihr  tiaii.1-        «"ir7.'r/,  ,wt  Warren.) 


int«n'ttl  of  from  0.6  to  0.9  sec.     Beyond  this  point  t  he  effect  became 

JffK  noticeable,  and  at  an  inter\'al  of  1.7  to  2.5  aec.  the  reinforcing 

htKl  no  influence  at  all  upon  the  jerk.     These  relations  are 

shown  in  the  accompanying  curve  {Fig.  70).     These  authors  con- 

•  Miicli»>ll  iinil  Lowis,  "  Amfrican  Journal  of  .Me<J.  Sciencea,"92.  ;^63,  18S6. 
t  Bowtltlcli  ami  Warron,  "  Journal  of  Pliysiology, "  2,  25,  1890. 
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fimned  also  the  fact  that  a  sensory  stimulus,  such  as  a  gentle  blast 
of  fiir  on  thf  conjunctiva  or  the  knee,  may  reinforce  the  jerk.  The 
physioloplcal  exiikiiatton  of  tlie  reinforcement,  negative  and  posi- 
tive, is  a  matter  of  inference  only,  but  the  view  usually  held  is  that 
it  is  due  to  "overflow."  That  is,  many  facts,  such  as  strychnin 
tetanus,  indicate  that  the  neuromuscular  machinery  of  the  entire 
central  nervou.s  syst/eni  Ls  more  or  leas  dimctly  connected  and  tliat 
functitnial  iictivity  at  one  [)art  may  influence  the  irritability  nf  the 
remainder,  either  in  the  direction  of  reinforcement  (Bahnung)  or 
inhibition.  We  may  conceive,  therefore,  that  when  the  hands 
are  squeezed  the  motor  impid.ses  sent  tiown  from  the  cortex  of  the 
brain  to  the  upper  portion  of  the  cord  overflow  to  some  extent, 
sufficient  at  least  to  alter  the  irritability  of  the  other  motor  neurons 
in  the  cord.  Experimental  stimulation  of  the  cortex  has  given 
similar  results.  Exner*  found  that  when  the  motor  center  for  the 
foot  in  the  cortex  of  a  rabbit  was  stimulated,  the  stimulation,  even 
if  too  weak  to  Ije  effective  itself,  cau.seil  an  increase  in  the  contraction 
brought  about  reflexly  by  a  simultaneous  stimulation  of  the  skin 
of  the  paw,  and  furthermore  if  these  stimuli  were  so  reduced  in 
strength  that  each  was  ineffective,  then  when  applieii  together  a 
contraction  %vas  obtained.  In  this  case  an  ineffective  stimulus 
from  the  cortex  reaching  the  spinal  cord  increased  the  irritability 
of  the  motor  centers  there  so  that  a  simultaneous  reflex  stimulus 
from  th(!  foot,  ineffective  in  itself,  became  effective. 

Is  the  Knee-jerk  a  Reflex?— The  most  interesting  question 
in  this  connection  is  whether  the  jerk  Lsi  a  true  reflex  act  or  is  due 
to  a  direct  mechanical  stimulation  of  the  muscle.  Opinions  have 
been  divided  upon  this  point.  Tho.se  whu  believe  that  the  jerk  is  p 
reflex  lay  empliasis  upon  the  undoubted  fact  that  the  integrity  of 
the  reflex  arc  Is  ab.solutely  es.sential  to  the  response.  The  quad- 
riceps receives  its  motur  and  sensory  fibers  through  the  femoral 
nerve,  and  pathological  lesions  upon  man  as  well  as  direct 
experimental  investigation  upon  monkeys  prove  that  if  either  the 
posterior  or  anterior  roots  of  the  third  and  fourth  lumbar  spinal 
nerves  are  destroyed  the  knee-jerk  distippears  entirely.  The  opjXH 
nents  of  the  reflex  \iew  explain  this  fact  by  the  theory  that  in 
order  for  the  quadriceps  to  resjKjnd  it  must  be  in  a  condition 
of  tonus.  This  tonus  depends  upon  the  reflex  ari-.  the  sensory 
impulses  from  the  muscle  serving  to  keep  it  in  that  condition 
of  subdued  contraction  known  as  tone.  On  this  view  destruc- 
tion of  the  reflex  arc  renders  the  muscle  less  irritable,  so  that  it 
will  not  responil  by  a  contraction  to  the  sudden  mechanical  exten- 
sion or  pull  caused  by  the  blow  on  the  t<>ndnn.  The  adherents  <if 
this  view  lay  empha.sis  upon  two  facts:  First,  the  knee-jerk  is  a 
•  Exner.  "  Art-hiv  f.  die  (tesanunte  PhysioloKie,"  27,  412,  1882. 
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iple  contract  inn,  and  nnt  a  tetanus,  and,  generally  speaking, 
the  motor  centers  of  the  conl  discharge  a  series  of  impulses  when 
stimulated.  In  answer  to  this  objection  it  niay  be  said  that 
while  muscular  contractions  produced  reflexly  are  usually 
tetanic,  it  does  not  follow  that  this  is  invarialtly  the  case.  Sher- 
rington* has  shown,  for  instance,  that  an  undoubted  reflex 
designated  by  him  as  the  "extensor  thrust,"  which  also  involves 
the  extensor  muscles  of  the  hind  leg,  is  very  short  lusting,  requir- 
ing perhaps  only  i  sec,  and  judged  by  this  standard  is  as  much 
of  a  simple  contraction  as  the  knee-jerk.  The  "extensor  tlirusl" 
is  a  sharp  contraction  of  tlie  extensor  muscles  of  tlie  hind  leg 
arousefj  by  pressure  upon  the  plantar  surface  <if  the  hind  foot- 
On  the  frog  also  a  single  stimulus  applied  to  the  central  end  of  the 
divided  sciatic  nerve  will  call  forth  a  reflex  contraction,  which  is  a 
twitch,  and  not  a  tetanus.  Second,  the  time  for  the  jerk — that  is, 
the  interval  between  the  stimidus  and  the  response — is  too  short 
for  a  reflex.  The  determination  of  this  time  has  been  attempted  by 
many  observers  for  the  purpose  of  deciding  the  controversy,  but 
unfortunately  the  results  have  been  lacking  in  uniformity,  although 
the  best  results  from  man  indicate  a  latency  between  stimulus  and 
response  of  0.023  sec.  after  deducting  the  latent  period  of  the  mus- 
cle itself.  Applegarth,  making  use  of  a  dog  with  a  severed  spinal 
cord,  obtained  for  the  time  of  the  knee-jerk  an  interval  of  0.014  to 
0.02  sec. ;  Waller  atul  Ciotch,  using  the  ridibit,  found  the  time  to  be 
only  0.0O8  to  0.005  sec.  Other  figures  would  appear  to  indicate 
that  the  latent  period  i.s  shorter  the  smaller  the  animal,  a  fact  which 
in  itself  would  imply  that  some  factor  other  than  the  latency  of 
the  muscle  itself  enters  into  the  time  refjuired,  And  if  we  accept 
the  newer  figures  in  regar<t  to  the  velocity  of  the  nerve  Impulse  in 
mammalian  nerves  at  the  body  temperature  (see  p.  113),  there 
would  seem  to  be  sufficient  time  in  all  cases  for  the  impulse  to  get 
to  the  cord  and  back.  Several  observerst  have  attemptetl  to 
determine  the  time  intervening  between  stimulus  and  response 
by  using  the  string  galvanometer  to  indicate  the  electrical  response 
in  the  muscle,  instead  of  attempting  to  record  the  contraction 
rt«elf.  According  to  Snyder,  the  time  interval  lies  between  0.0113 
aiid  0.015  sec,  while  Hoffmann's  results  give  an  interval  of  0.019 
to  0.024  sec.  The  calculations  of  hmth  observers  indicate  that  the 
time  is  sufBcient  for  a  reflex,  and  much  too  long  for  a  direct  excita- 
tion, in  the  case  of  the  Achilles  jerk,  Hoffmann  finds  that  it  may 
be  liberated  by  electrical  stimulation  of  the  n.  tiliialis  and  that 
uuder  these  circumstances  there  is  first  a  deflection  of  the  galvano- 
meter, due  to  direct  stimulation  of  the  gastrocnemius  through 

•  Sherrington,  "The  Intcjirative  Action  of  the  Nervous  Systpm,"  1906. 
t  Snyder,  ".\merican  Journal  of  Physiologj',"  26,  474,  1910.     Hoffmann, 
".\rchiv  f.  Phvsiologie,"  1910.  223. 
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it«  motor  nerve,  and  this  is  followed  later  by  a  second  deflection,  due 
to  n«flpx  stimulation.  This  latter  accords  in  time  interval  with  the 
Achillw  jerk,  and  f^ives  a  new  proof  that  the  phenomenon  is  a 
genuine  wflex.  In  view  of  these  fact*i  it  would  seem  to  be  safe 
to  conclude  that  the  knee-kick  and  similar  phenomena  are  reflexes, 
but  reflexra  in  which  a  single  ner\'e  impulse  is  sent  out  from  the 
poni,  causing  a  simple  contraction  in  the  muscle  affected. 

Conditions  Influencing  the  Extent  of  tile  Knee-jerk. — ^The 
effect  of  various  nonual  conditions  upon  the  knee-jerk  has  been 
studied  by  a  number  of  observers,  particularly  by  Lombard.*  The 
results  are  most  interesting  in  that  they  indicate  very  clearly  that 
the  irritability  of  tlie  spinal  cord  varies  with  almost  every  marked 
rhange  in  mental  activity.  During  sleep  the  jerk  disappears 
and  in  mental  conditions  of  a  restful  character  its  extent  is  relatively 
snmll.  In  conditions  of  mental  excitement  or  irritation,  on  the 
contrar>',  the  jerk  Iwomes  markedly  increased.  Lombard  ob- 
serveil  also,  in  his  own  ca.<ie,  a  daily  rhythm,  which  is  represented 
in  the  chart  given  in  Fig.  71.    It  wouUl  seem  from  his  ex]ieriment8 
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jerk  is  increa.se(i  ami  diminished  hy  whatever  increases  and  di- 
minishes the  activity  of  the  central  ner\'ous  s\'stem  as  a  whole." 
This  general  fact  Ls  supported,  especially  a.s  regards  mental  activit}-, 
by  observations  on  other  similar  mechani-'sm.'?, — such,  for  instance, 
as  the  condition  of  the  ner\'ous  centers  controlling  the  bladder. 

Use  of  the  Knee-jerk  and  Spinal  Reflexes  as  Diagnostic 
Signs. — The  fact  that  the  knee-jerk  depends  on  the  integrity  of 
the  reflex  arc  in  the  lumbar  cord  has  made  it  useful  as  a  diagnostic 
indication  in  lesions  of  the  cord,  particularly,  of  course,  for  the 
lumbar  region.  It  is  mainly  i»ti  aeeount  of  its  practical  value  and 
the  ea.se  with  which  it  is  ordinarily  obtained  that  the  phenom- 
enon has  been  studied  -so  extensively.  In  the  disease  known  aa 
progressive  locomotor  ataxia  the  posterior  root  fibers  in  the  pos- 
terior columns  in  the  lumbar  region  are  affected,  and,  as  a  con- 
sequence, the  jerk  Ls  diminished  or  abolished  altogether  according 
to  the  stage  of  the  disease.  80  also  le.sioas  affecting  the  anterior 
horns  of  the  gray  matter  will  destroy  the  reflex  by  cutting  ofT  the 
motor  path,  while  in  other  cases  lesions  in  the  brain  or  the  lateral 
columns  of  the  cord  affecting  the  pyramidal  system  of  fibers  may 
be  accompanied  by  an  exaggeration  of  this  and  similar  reflexes. 
This  latter  fact  agree.s  with  the  experimental  rtvsults  (i^ee  p.  149) 
upon  ablation  of  the  brain.  After  .such  oiwratiorts  in  the  frog 
and  lower  mammals  at  lea.st  the  spinal  reflexes  may  show  a  marked 
increase.  Interruption  of  the  descending  connnctions  l>etween  brain 
and  cord  at  any  point,  therefore,  may  l>e  accompanied  by  a  .strik- 
ing increase  in  sensitiveness  of  the  spinal  reflexes,  The  explana- 
tion usually  given  is  that  the  inhibitory  influences  of  the  brain 
centen:  upon  the  cord  are  thereby  weakened  or  destroyed.    Tbp 

Other  Spinal  Reflexes. — Variims  ivther  distinctive  reflexes 
through  tlie  sjiiiiul  cord  nuiy  be  ubtaiiied  rejidily,  and  since  the 
motor  cells  concernett  lie  at  different  levels  in  the  cord  the 
presenee,  absence,  or  modified  character  of  the.se  reflexes  has 
l)een  used  frequently  for  diagnostic  purposes,  In  the  first 
place  there  are  a  nundjer  of  so-called  deep  reflexes  which  may 
be  an)usetl  by  sensory  stimulation  of  parts  beneath  the  skin, 
8t»ch  j»s  the  tendons,  ligaments,  and  pericsteum.  Almost  any 
tendon  if  stimulated  mechanically  may  give  a  jerk  of  the  cor- 
re.*«potiding  mu.sde,  just  as  in  the  case  of  tlie  knee-kick.  8uch 
reactions  have  been  described  and  used  in  tiie  case  of  the  wrist- 
jerk,  the  jaw-jerk,  the  Achilles-jerk,  etc.  The  last  named  is 
obtaine<i  by  putting  the  foot  intn  a  position  of  dtirsiflexion  and 
then  tapping  the  tendo  calcaneus  (Acliitlis),  The  result  is  a 
contract i<itj  uf  the  gastrocnemius,  causing  fjhmtar  flexion  of  the 
foot.  A  variation  of  this  reflex  is  the  phenomenon  known  {is 
ankle  clonus.  This  is  obtained  bv  giving  a  quick  forcible 
II 
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l-'iK  T'J.— Piacrammatir  rtpi  weutatioa  of  th«  lowor  portion  of  the  huBun  bidb  aai 
■l>itial  conl. 

The  c«>rtl  ii*  divuini  into  iiit  fnur  reipoiui:  I ,  Mntulla  rervicalia:  2,  meduU*  donaBK 
3.  inniulU  luinltiUu;  4,  nmiulla  Marraliii.  Within  each  region  th«  tpinal  Mgtumu  baar 
K»iuan  nunibcrf.  On  thr  left  !ii<l«>  nf  thr  >lia«riun  the  locality  mipplied  by  tha  wnaory 
vaflrrvno  nvur«>i»  ix  iniiiraif\|  by  one  or  more  wi>nia,  and  tneae  latter  arc  eunnaetad 
with  thr  hulb  or  the  MwurntH  of  the  curd  at  thr  le\-rli'  at  which  the  nerrea  enter.  Thi 
affervnl  oharai-trr  ■:•  indiralnl  hy  thr  arrow  tip  on  the  hue*  nf  reference. 

thi  thr  riitht-tiiuul  «iilr  (hr  namfw  of  niU!<rles  or  xruupa  of  miudes  are  nven.  and  lo 
ihrni  atv  >tiawn  n'fomuv  linr.-  whirh  I'tart  fruni  the  sKRineDta  of  the  eora  in  wnirii  the 
rell-b(Kiir«  of  oniciii  have  hern  liM-atnl. 

Within  thr  ronl  itrrlf,  the  lirriiKiiation!!  for  aeveral  reflex  centers  are  Inieribed  in  the 
^winent  whrrr  ihr  niwhaniMii  \i  loraliifal.  F'ur  example,  Reflezoa  aeapnlaria,  GeulniB 
rilio-«i'>»alr.  KrHr\u»  rpiftatflrious.  Krtlrxu^  abiloimnahif,  Rcfleztia  eranaateneua.  Raflezv 
iiateUari*.  Kellrtur  trn.lo  Arhilli.'.  Criitrum  vwirale.  Centrum  anale  (the  Uat  two  on  the 
left  Mile  tJ  the  •liacraiuV  JVinalvlom,  "Amer.  Tetl-buuk  of  Phyaolocy."  fraa  "leoBM 
Neurulo«M«.  "  .SirAiiiiMiU  and  /iUe6.) 
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THE  SPINAL  CORD  AS  A  PATH  OF  CONDUCTION 


I 


In  addition  to  the  varied  and  important  functions  performed 
by  the  cord  as  a  system  of  reflex  centers  controlling  the  activities 
of  numerous  glands  and  visceral  organs  as  well  as  the  so-called 
voluntary  muscles,  it  is  physiologically  most  unportant  as  a  path- 
way to  and  from  the  brain.  All  the  fibers,  numbering  more  than 
half  a  million,  that  enter  the  cord  through  the  posterior  roots  of 
the  spinal  nerves  bring  in  afferent  impulses,  which  may  be  continued 
upward  by  definite  tracts  that  end  eventually  in  the  cortex  of  the 
cerebrum,  the  cerebellum,  or  some  other  portion  of  the  brain.  On 
the  other  hand,  many  of  the  efferent  impulses  originating  reflexly 
or  otherwise  in  difTereat  parts  of  the  brain  are  conducted  downward 
into  the  cord  to  emerge  at  one  or  another  of  the  anterior  roots  of 
the  spinal  nerves.  The  location  and  extent  of  these  ascending  and 
descending  paths  form  a  part  of  the  inner  structure  of  the  cord, 
which  is  most  important  practically  in  medical  diagnosis  and  which 
has  l)een  the  subject  of  a  vast  amount  of  experimental  inquiry  in 
physiology,  anatomy,  pathologj'.  and  clinical  medicine.  In  working 
out  this  inner  architecture  the  neuron  conception  has  been  of  the 
greatest  value,  and  the  results  are  usually  presented  in  terms  of 
these  interconnecting  units, 

The  Arrangement  and  Classification  of  the  Kerve  Cells 
in  the  Gray  Matter  of  the  Cord. — Nerve  cells  are  scattered 
throughout  the  gray  matter  of  the  cord,  but  are  arranged  more 
or  less  distinctly  in  groups  or,  considering  the  longitudinal  aspect 
of  the  cord,  in  cohimns  the  character  of  which  varias  somewhat  in 
the  different  regions.  From  the  standpoint  of  physiological  anatomy 
these  cells  may  be  grouped  into  four  classes:  (1)  The  anterior 
root  cells,  clustered  in  the  anterior  column  of  gray  matter  (1,  Fig. 
73).  The  axons  of  these  cills  pass  out  nf  the  cord  almost  at  once 
to  form  the  anterior  or  motor  roots  of  the  s]jinal  nerves.  (2)  The 
tract  cells,  so  called  because  their  axons  instead  of  leaving  the  cord 
by  the  spinal  roots  enter  the  white  matter  and,  passing  upward 
or  flo>^'nward,  help  to  form  the  tracts  into  which  this  white  matter 
may  be  divided  (2  and  3  of  Fig.  73).  These  tract  cells  are  found 
throughout  the  gray  matter,  and,  accordine  to  the  side  on  which  the 
enters  into  a  tract,  they  maybe  divided  into  three  subgroups: 

16.'^ 
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(a)  Those  whose  axons  enter  the  white  matter  on  the  same  side  i 
the  conl,  the  tautomeric  tntsLJlcilljq  nf  V/i"  nphupht^n.  (6) 
Those  whose  axons  pans  thruugh  the  anterior  white  commissure 
and  thus  reach  the  tracts  in  the  white  mutter  of  tJie  other  side. 
These  are  known  as  commissural  ccUs  or  the  hcteromerif;  t"^*^ 
cells  of_\jm  CiphiLdiien.  They  form  one  ohvious  means  for  crossed 
conduction  in  the  cord,  (c)  Those  who.se  axons  divide  into  two, 
one  passing  into  the  white  matter  of  the  same  side,  the  other  pass- 
ing by  way  of  the  anterior  commLssure  to  reach  the  white  matter 
of  the  opposite  side — the  hccatcromeric  tract  crIIs  of  Van  Gchucb- 
ten.    (3)  The  Golgi  cells  of  the  second  type — that  is,  cells  whose 


H 
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Fig.  73. — SchMiiiKif  tlif  r>tnirUiro  of  tds  nird. — Afrer  l.fnhfmufk.'i  On  <he  right  the 
nerve  cejlx;  on  tlie  lefl  iIip  »>iit«'nnK  nerve  hbei>,  UiKlit  siile:  1,  Motor  c*IL».  anterior 
column,  Kivinc  linp  t<i  tlip  fibef>  of  the  anlerinr  Tool;  'i,  Iruct  cell*  wlio^e  axonn  pa«'«  into 
the  wIliU'  nmtleriif  lh«  KnLertnr  and  lat.<-raj  fisnit-uli:  2.  ronwui-inuniJ  celU  whoMBXon^  paoa 
chiefly  thnxieU  the  anterior  roniiiii>-<>irt*  to  reat^h  the  nnteriur  fuukuli  nf  the  other  nide; 
4.  OoiKi  ccll«  ^-tcooiid  type),  whoto  axon:-  do  not  Iravc  the  cray  matter:  6,  tract  cells  whose 
axoriK  pn.-«  into  (he  white  itmtler  t^f  the  fjorterifir  funiculi.  I/eft  nide:  1.  Entering;  tibent 
of  tlie  pnxterior  root,  eniline,  frtiin  withiti  outward,  n*  fitllowii:  Clarke'j*  iwluinn,  posterior 
oaluiiiii  of  opix»Mte  r>idf>,  aiitf>rir»r  itthimn  !«amo  ^i'lt*  (. reflex  aipi.  lateml  coturan  of  name  aide. 

r lienor  column  of  /(ame  "iilr>;  2.  rolluipraU  fron)  (ibop*  in  the  anfrrinr  anrJ  Inteia]  funiculi. 
roUatemU  »if  ileTiceiuling  io  raitiiifiil  filwm  endiTiK  iirtiuiid  iitolm  c*-!!*  in  aiilencir  coiiiinn. 

axons  ilivide  into  a  number  of  small  branches  like  those  of  a 
dendrite.  The  axons  of  the.se  cells,  therefore,  do  not  become 
medullated  nen'e  fibers;  they  take  no  part  in  the  formation  of 
the  spinal  roots  or  the  tracts  of  white  matter  in  the  cord,  but 
terminate  diffusely  within  the  gra)'  matter  itself.  (4)  The  po»- 
terior  root  cells  lying  toward  the  base  of  the  anterior  columns. 
These  cells  have  heen  demonstrated  in  some  of  the  lower  verte- 
brates (petrtimyzon — chick  cmi>ryo),  but  their  existence  in  the 
mammal  is  still  a  question  in  some  doubt;  their  axons  pass  out 
from  the  cord  by  the  posterior  root  and  they  form  the  anatomical 
evidence  for  ■  that  the  posterior  roots  may  contain  some 
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liferent  fibers.  Some  uf  the  gi*oups  of  tract  cells  have  been  given 
special  names — such,  for  instntipe,  as  thedorsal_niucteJJS  (Clarke's 
SBolumn).  This  group  of  cells  lies  at  tKe^nner  angle  of  the 
posterior  column  of  gray  matter  (5,  Fig.  76),  and  forms  a  column 
usually  described  as  extending  from  the  middie  lumbar  to  the 
upper  dorsal  region.  The  axons  from  these  cells  pass  to  the 
dorsal  margin  of  the  lateral  funiculi  on  the  same  side  to  con- 
stitute an  ascending  tract  of  fibers  known  as  the  tract  of  Flechsig, 
or  the  fasciculus  cerebellospinalis. 

General  Relations  of  the  Gray  and  White  Matter  in  the 
Cord. — Ooss-secliuns  of  the  con!  at  different  levels  show  that 
the  relative  amounts  of  gray  and  white  matter  differ  considerably 
at  different  levels,  so  that  it  is  quite  p<3ssible  to  recognize  easily 
from  what  region  any  given  section  is  taken.  At  the  cervical  and 
the  lumbar  enlargements  the  amounts  of  both  gray  and  white 
matter— that  is,  the  total  cross-area  of  the  cord— show  a  sudden 
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►  m  74.  — Curves  lu  »liow  the  reUlive  «rcaa  of  the  pray  and  whit-e  mattor  of  the>  apiniJ 
•onl  •!  different  leveU. — {Donaldton  and  Davit.)  The  Homiia  ounveraki  nliiiig  Iho  absciixa 
l«praaent  Itie  origia  of  the  ililTereiit  apinal  nervct. 

increase  owing  to  the  larger  number  of  fibers  arising  at  these  levels. 
The  white  raatt^er,  and  therefore  the  total  cross-area,  shows  also 
a  comjt-ant  increase  from  below  upward,  due  to  the  fact  that  in 
the  upper  regioas  many  jfibers  exist  that  have  come  into  the  cord 
at  a  lower  level  or  from  the  brain,  those  from  the  latter  region  being 
gradually  distributed  to  the  spinal  nerves  as  we  procccil  downward. 
In  the  accompanying  figure  a  curve  is  presented  showing  the  cross- 
aitea  of  the  cord  and  the  relative  amount*)  of  gray  and  white  matter 
at  each  segment. 

Tracts  in  the  White  Matter  of  the  Cord,  Methods  of  Deter- 
mining.—The  separation  of  the  mechdlated  fibers  of  the  cord 
into  distinct  tracts  of  fibers  poasessing  different  functions  has 
been  accomplished  in  part  by  the  comliined  results  of  inve.-stiga- 
tiona  in  anatomy,  physiolog>-,  and  pathology.  The  two  methods 
Uaat  have  been  employed  most  frequently  and  to  the  b&st  advan- 
ta^  are  the  method  of  secondary  degeneration  (Wallerian  degen> 
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eration)  and  the  method  of  myelinization.  The  method  of  second- 
ary degeneration  depends  upon  the  fact  that,  when  a  fiber  is  cut 
ofiE  from  its  cell  of  origin,  the  peripheral  end  degenerates  in  a  few 
days.  If,  therefore,  a  lesion,  experimental  or  pathological,  is  made 
in  the  cord  at  any  level,  those  fibers  that  are  affected  undergo 
degeneration;  those  with  their  cells  below  the  lesion  degenerate  up- 
ward, and  those  with  their  cells  above  the  lesion  degenerate  down- 
ward. According  to  the  law  of  polarity  of  conduction  in  the  neuron 
a  descending  degeneration  in  the  cord  indicates  motor  or  eflferent 
paths  as  regards  the  brain,  and  ascending  degeneration  indicates 
sensor\'  or  afferent  paths.  It  is  obvious  that  localized  lesions  can 
be  used  in  this  way  to  trace  defiixite  groups  of  fibers  through  the  cord. 
If,  for  instance,  one  exposes  and  cuts  the  posterior  roots  in  one  or 
more  of  the  lumbar  nerves,  the  portions  of  the  libers  entering  the 
cord  will  degenerate,  and  the  path  of  some  of  these  fibers  may  be 
traced  in  this  way  upward  to  the  medulla.  The  degenerated  fibers 
may  be  revealed  histologically  by  the  staining  methods  of  Weigert 
or  of  Marchi.  The  latter  method  (preservation  in  Miiller's  fluid, 
staining  in  osmic  acid  and  MiiUer^s  fluid)  has  proved  to  be  espe- 
cially useful;  the  degenerated  fibers  during  a  certain  period  give 
a  black  color  with  this  liquid,  owing  probably  to  the  splitting  up 
of  the  lecithin  in  the  myelin  and  the  !il>eration  of  the  fat  from  its 
combination  with  the  other  portions  of  the  molecule.*  The  mye- 
linization method  was  introduced  by  Flechsig.  It  depends  upon 
the  fact  that  in  the  embryo  the  nerve  fibers  as  first  formed  have 
no  myelin  sheath,  and  that  this  easily  detected  structure  is  in  the 
central  nervous  system  assumed  at  about  the  same  time  by  tbosw 
bundles  or  tracts  of  fibers  that  have  a  common  course  and  func- 
tion. By  this  means  the  origin  and  termination  of  certain  tracts 
may  be  worked  out  in  the  embryo  or  shortly  after  birth.  The 
well-known  system  of  pyramidal  fibers,  for  instance,  is  clearly 
differentiated  in  the  embryo  late  in  intra-uterine  life  or  at  birth, 
owing  to  the  fact  that  the  fibers  composing  it  have  not  at  that 
time  acquired  their  myelin  sheaths.  Flechsig  assumes  that  the 
development  of  the  myelin  marks  the  completed  structure  of  the 
nerve  fiber  and  indicates,  therefore,  the  time  of  its  entrance  into 
full  functional  activity. 

General  Classification  of  the  Tracts. — The  tracts  that  have 
been  worked  out  in  the  white  matter  of  the  cord  have  been  classified 
in  several  ways.  We  have,  in  the  first  place,  the  division  into  as- 
cending and  descending  tracts.  This  division  rests  upon  the  fact 
that  the  axon  conducts  its  impulses  away  from  the  cell  of  origin,  and 
consequently  those  neurons  whose  axons  extend  upward  toward  the 

*  See  HftUihurton,  "The  Chemical  Side  of  Nervous  Activity,"  London, 
1901;   "Crooaian  Lectures." 
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higher  parts  of  the  cord  or  brain  are  designated  as  ascending,  eince 
nonnally  the  impulses  conducted  by  them  take  this  direction.  They 
constitute  the  afferent  or  seasorj'  paths,  and  in  case  of  injury  to  the 
fiber  or  cell  the  secondary  degeneration  also  extends  upward.  The 
reverse,  of  course,  holds  tnie  for  the  de.scending  or  motor  paths. 
The  tracts  may  \}c  divided  also  into  long  and  sliurt  (or  segmental) 
tracts.  The  latter  group  comprises  those  tracts  or  fibers  which 
have  only  a  short  course  in  the  white  matter,  extending  over  a  dis- 
tance of  one  or  more  spinal  segments.  Histologically  the  fibers  of 
these  tracts  take  their  origin  from  the  tract  cell?  in  the  gray  matter 
of  the  cord  and  after  rumiing  in  the  white  matter  for  a  distance  of 
one  or  more  segments  they  again  ent^r  the  gray  matter  to  terminate 
around  the  dendritic  processes  of  another  neuron.  These  short 
tracts  may  be  ascending  or  descending,  and  the  impulses  that  they 
conduct  are  conveyed  up  or  down  the  cord  by  a  scries  of  neurons, 
each  of  whose  axons  runs  oid>'  a  short  tlistance  in  the  white  matter, 
and  then  conveys  it*;  impulse  to  anothcrneuron  whose  axon  in  turn 
extends  for  a  segment  or  two  in  the  white  matter,  and  so  on. 
These  tracts  are  sometimes  described  as  association  or  short  a.ssocia- 
tJon  iracte,  because  they  form  the  mechanism  by  which  the  activi- 
ties of  different  segments  of  the  cord  are  brought  into  a.ssociation. 
This  method  of  conduction  by  segmental  relays  involving  the  par- 
ticipation of"  a  series  of  neurons  jnay  be  regarded  as  the  primitive 
method.  It  indicates  the  original  structure  of  the  cord  as  a  series 
of  segments,  each  more  or  less  indc^pendcnt  physiologically.  The 
short  tracts  in  the  mammalian  cord  lie  close  to  the  gray  matter, 
forming  the  bulk  of  what  is  known  as  the  anterior  and  lateral 
proper  fasciculi.  The  long  tracts,  on  the  contrary,  are  eom- 
pofte<^l  of  those  fibers,  ascending  or  descending,  which  run  a  long 
distance,  and,  in  fact,  extend  from  the  c<irfl  to  some  part  of 
the  brain.  It  is  known,  however,  that,  although  the  tracts 
tracts  extend  from  brain  to  cord,  many  of  their  constituent 
may  begin  and  end  in  the  cord  or  in  the  brain,  as  the 
pa.«w  may  be.  Sonje  of  the  filters  of  the  long  tracts  are,  there- 
fore, so  far  as  the  cord  is  concerned,  simply  long  association 
tracts  which  connect  different  regions — e.  g.,  cervical  and  lum- 
bar— of  the  cord  by  a  single  neuron,  as  the  short  asso- 
ciation tracts  connect  different  segments  of  the  same  region. 
It  is  said  that  in  tijese  long  tracts  those  fibers  that  liave 
the  shortest  course  lie  to  the  inside — that  is,  nearest  to  the  gray 
mailer.*  From  the  results  of  comparative  studies  of  the  different 
vertebrates  we  may  conclude  that  the  long  tracts  are  a  relatively 
late  development  in  their  phylogenctic  history,  and  that  in  the 
most  highly  developed  animals,   man  and  the  anthropoid  apes, 

•  SherrinKton  and  Laalett,  "Journal  of  Physiology,"  29,   188,   1903;  and 
flbcmngton,  ibid.,  14,  265. 
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these  long  tracts  are  more  conspicuous  and  form  a  iurger  (ter- 
centage  oi  the  total  area  of  the  coni.  A  physiological  ctirollary 
of  this  foiiclusion  shciuld  lie  that  in  man  the  indepemleiit  activity 
of  the  cord  is  Ipss  nrarked  than  in  the  lower  vertebrates,  and 
tliis  deduction  is  borne  out  by  facts  {see  p.  147). 

Specific  Designation  of  the  Long  Spinal  Tracts. —The  tracts 
that  are  most  satisfactorily  determined  ftir  the  human  spinal  cord 
are  indicated  srheniiiti<'ally  in  Fig.  7.5. 

They  are  named  as  follows:     in  the  pnsterinr  funiculus, 

1.  The  fasciculus  gracilis   (column  of  C,u\\). 

2.  The  fjusciculus  cuncatus  (column  of  Burdach), 


Fig.  73. — Si-hrina  of  the  l^a<'l^•  in  llie  xpinnl  porii  iK<>U\i;(T\  :  n,  Kb-th-uIum  grx-ilU : 
b,  fii»rlculiu>  cticieatUM ;  {h-.  ra.<<ricii1u>t  cerebrc>!ipinali!i  Inlerali!* :  (mI.  fu»!ifiiJui*  r<rrebriMpinalia 
aiiteriiir;  /,  (iudculiifi  cerebeiluiipiiuiliii ;  ur,  faHcifiilux  ontrrulateralis  miKriiciali». 

In  the  lateral  funiculus, 

1.  The  fascicuhis  cerel)rospinalis  lateralis,  known  also  :vs  the 
lateral  or  crossed  pyramidal  tract. 

2.  The  fasciculus  cerebellospinalis,  known  also  as  Flechsig's 
tract. 

3.  The  fjusciculus  anterolateralis  superficial  is,  known  also  as 
Gowcr's  tract. 

4.  The  lateral  ground  bundle  (fasciculus  lateralis  proprius), 
made  Ttp  chiefly  of  short  ;4saociation  fibers. 

In  the  anterior  funiculus, 

1.  The  fasciculus  cerebrfi.spinalis  anterior,  known  al!«>  as  the 
direct  or  anterior  pyraniitlal  tract. 

2.  The  anterior  ground  bundle  (fasciculus  anterior  proprius). 
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Of  thciW  tracts,  tlve  fasciculus  gracilis,  fasciculus  cuneatus, 

fA*riculu9  cerebellos|>iualis.  and  fasciculujj  aiiterolateralis  super- 

6rtali«  represent  u^iccrtding  or  sensory  paths,  while  the  lateral 

Mni  anlarior  cerebros[)inal  or  pyranii<lal  fasciculi  form  a  relatetl 

dracfuiJing  or  motor  path.     It  will  be  convenient   to  describe 

6rst  the  connections   and   physiological   significance   of   tlieee 

tnett  Mul  then  refer  briefly  to  the  other  less  definitely  estab- 

Uied  Intending  and  descending  paths. 

The  Termination  in  the  Cord  of  the  Fibers  of  the  Posterior 

Boot.— .\11    sensory    Hljers 

from  the  liml>8  and  trunk  .  ^t 

«Bt«r  the  cord  through  the 

posterior  roots.     Inasmuch 

w  these  roots  are  superfi- 

rijilly  connected   with  the 

pi»terior       funiculi,       the 

<MtT  observers    naturally 

»«pptjs«l  that  this  portion 

'if  the  white  matter  of  the 

nm{  forms  the  pathway  for 

•enMf)'  impulses  passing  to 

tbf  lirain.     That  this  sup- 

|y«itiou  is  not  entirely  cor- 

i*ft  was  proved  by  experi- 

Bimtal    physiology.      Sec- 

ti"tj  I  if  the    posterior    fu- 

ttiruli   cause.s    little   or    no 

ti^ivi<ius  loss  of  sensations 

m  the    parts    below    the 

leriotj.    Histological   invcs- 

tijution    has    since   siiown 

lh»t  ojdy  a  portion  of  the 

fibers  entering  through  the 

pu8terit»r  root  continue  up 

tiie  cord   in   the  posterior 

(uuculi;  eHjnie  and  indee*) 

•  Urge  i»roportion  of  the 

thdlc  number  enter   into 

br  gray   matter  and   end 
[*round  tract  cells,  whence  the  path  fa  continued  upward  by  the 

xons  of  thetw  latter  cells,  mainly  in  the  lateral  or  anterolateral 
fuuiculi.      The  several  ways  in  which  the  posterior  root  fibers 

uy  end  in  the  cord  are  indicated  in  Fig.  76. 
Tlie  piisterior  roots  contain  fibers  of  different  diameters,  and 
»t  sise  (I)  are  found  collected  into  an  area  known 


Fir.  7S. — Schirn*  to  nhow  thp  l<>rniinatioiis 
of  llir  pntcrtng  lilj«TB  of  the  piM'te'riftr  rtH>(  :  1, 
Fibers  rnK^iinx  zurift  [>F  Lift^aupr  uml  ivnninaitinB 
in  poAtcriur  criliimn;  2.  tiber  l«miinii(inir  nrnuiiol  a 
I  met  rcjl  »li(i!<e  RXim  jHUoies  into  while  niuttfr  uf 
•aine  sicle;  3,  liber  ttrrminatinK  Bnmi»l  a  tnirl  orll 
wIkim  axon  punes  tn  iipprwitr  -lide  U'nuiniiwursI 
crill;  4.  fiber  termiiiatiiig  around  risrilor  rrlt  of 
antrrior  rolumn  (rrflcx  arrl;  .•».  fiber  terminating 
in  tract  r»ll  of  ilortal  ntirletin:  fl.  fiber  loxoc- 
enoii:")  pft.'«-'inK  upwarfl  itv  i)i>»lerior  funicujua  to 
lemiinate    in    (lie  medulla  iiblnnioitB. 
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as  the  zone  of  Lissauer,  lying  between  the  periphery  of  the  cord 
and  the  tip  of  the  posterior  cohirnn.  These  fibers  enter  the  gray 
matter  chioHy  in  the  posterior  ccilmnn  of  the  same  side  and  end 
around  tract  cells.  The  larger  fibers  of  the  root  lying  to  the 
median  side  fall  into  two  groups:  Those  lying  laterally  (2,  3,  4) 
enter  the  gray  matter  of  the  posterior  colunin  and  end  in  tract 
cells  (2)  wlmse  axons  are  distributed  to  the  same  side  of  the 
cord,  or  in  tract  cells  whose  axons  (3)  pass  to  the  other  side 
through  the  anterior  white  commissure,  or  in  the  motor  cells  of 
the  anterior  column,  thus  making  a  typical  reHex  arc.  Some 
of  the  fibers  of  this  grou]>  may  also  pass  througli  the  posterior 
commissure,  to  end  in  the  gray  matter  of  the  opposite  side. 
The  larger  fillers  lying  nearest  to  the  median  line  enter  the  fas- 
ciculus cuneatus  and  nm  forward  in  the  cord,  some  of  them  (6) 
continuing  upward  to  the  medulla,  and  some  of  them  (5),  after 
a  shorter  course,  turning  into  the  gray  matter  to  end  in  the  cells 
of  the  dorsal  nucleus.  The  axons  of  the  cells  in  the  dorsal 
nucleus  in  turn  pass  out  of  the  gray  matter  to  constitute  the 
ascending  path  in  the  lateral  funiculus,  known  as  the  cerebello- 
spinal fa.'^ciculus. 

This  general  outline  of  the  mode  of  entling  in  the  cord  of  the 
fibers  of  the  posterior  rttot  is  complicated  further  by  the  fact  that 
these  fibers  are  supposed  to  give  off  collaterals  after  entering  the 
cord.  The  course  of  the  ty]>icul  fiber  in  tiie  posterior  root  is 
represented  in  l-'ig.  67.  According  to  this  diagram,  the  root 
fiber,  after  entering  the  cord,  makes  a  Y  or  T  division,  one  Iiranch 
passing  downward  or  posteriorly  for  a  short  distance,  the  other, 
longer  division,  pa.ssing  upward  or  anteriorly.  Each  of  these 
main  stetns  may  give  off  one  or  more  lateral  liranches.  sensory 
collaterals.  A  main  stem,  therefore,  which  runs  upward  in  the 
fasciculus  cuneatus  (G)  to  terminate  in  the  medulla  oblongata 
may  give  off  collaterals  at  various  levels  which  terminate  in  the 
gray  nuitter  of  the  cord,  either  around  tract  cells  or  around  the 
anterior  root  cells,  forming  in  the  latter  case  a  simple  reflex  arc. 
The  existence  of  collaterals  upon  the  root  fibers  within  the  cord 
has  been  demonstrated  in  the  human  embryo,  but  we  have  little 
exact  information  concerning  their  numerical  value  in  the  adult. 
The  schema  given  in  Fig.  76  must,  therefore,  be  accepted  as  an 
entirely  diagrammatic  representation  of  the  chief,  possibilities 
of  the  mode  of  en<ling  of  the  fibers  of  the  posterior  root  by  way 
of  their  collaterals  as  well  aa  by  way  of  the  main  stems. 

Ascending  (Afferent  or  Sensory)  Paths  in  the  Posterior 
Funiculi. — The  posterior  ftiniculi  are  composed  partly  of  fibers 
derived  directly  from  the  posterior  roots  (6  in  schema)  and  arising, 
therefore,  from  the  celts  in  the  posterior  root  ganglia,  and  partly 
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from  fibers  that  arise  from  tract  cells  in 

cord  itself.     It  is  convenient  to  speak 

of  the  former  group  as  exogenous  fibers, 

ing  this  term  to  designate  nerve  fibers 

hich  arise  from  cells    placed    outside 

the  cord;  and  the  latter  group  as  endo- 

nous  fibers — that  is,  fibers  that  have 

leir  cells  of  origin  in  the  gray  matter  of 

the  cord.     If  we  omit  a  consideration 

pf   their  collaterals   the   course   of   the 

ogenous   fibers   is   easily   understood. 

hey  come  into  the  cord  at  every  pos- 

ior    root,    enter   into    the    fasciculus 

cuneatuB.  and  pa^w  upward.     The  fibers 

f   this   kind   that   enter  at   the  lower 

ens,  sacral  and  lumbar,  are,  however, 

uiiually   pushed    toward    the    median 

e  by  the  exogenous  fibers  entering  at 

her  levels,  so  that  in  the  upper  tho- 

cic   or   cervical  regions  the  fasciculus 

acilb  is  composed  mainly  of  exogenous 

rs  that  have  entere<l  the  curd  in  the 

mbar  or  sacral  region.     These  fibers 

ntinue  upward  to  end  in  two  groups 

cells  that  lie  on  the  dorsal  side  of  the 

lulla    oblongata,    and    are    known, 

[>ectively,    as    the    nucleus    of    the 

sciculus   gracilis    (or   ntielous   of    (loll) 

and  the  nucleus  of  the  fasciculus  cunt-a- 

s    for    nucleus    of    Burdach).     Their 

th  forward  from  the  medulla  is  con- 

ued  by  new  neurons  arising  in  tliese 

clei.  and  will  be  described  later.     The 

urse  of  these  fibers  in  the  cord  may  be 

own    beajitifully   by   the    method    of 

undary  degeneration.     If  one  or  more 

of   the    posterior   roots   of   the   luniViar 

ipinal  nerves  are  cut  or.  better  still,  if 

e  posterior  funiculi  are  severed  in  this 

gion,  the  degeneration  will  affect  the 

ogenous      fibers      througlunit      their 

urse  to  the  metluUa.  and  it  will  be  seen 

at  in  the  cervical  region  the  degen- 

ated  fibers  are  grouped  in  the  area  of 

fasciculus  gracilis  (see  Fig.  77).     The 
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FiK.  77. — PrnKTSRi!!  to 
show  mtinio  of  upward  dp- 
grncration  f>(  fibe.u  cuf  poate- 
rior  fuiiidili  kftrr  Dcction  of 
a  number  of  po«lfrior  roots 
of  the  nervps  forming  the 
lumboracnil  plmin.  — •  A/of<.) 
It  will  he  nnt^d  thai  in  lh« 
r^rvip*!  rp,Kton«  the  degener- 
ated arm  is  cnndned  to  the 
fasciculus  crmoilu. 
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endogenous  fihers,  so  far  as  they  are  ascending,  represent  afferent 
paths  in  wliifli  twn  m  itiore  neurons  are  concerned.  The  poa* 
terior  rout  fibers  fi>ncerned  in  these  paths  end  in  the  gray" 
matter  uf  the  cord,  and  thence  the  conduction  is  continued  by^ 
one  or  more  tract  cells.  The  conduction  by  this  set  of  fiberfl 
may  be  on  the  same  side  of  tlie  cord  as  that  on  which  the  roof 
fibers  entered,  or  it  may  be  crossetl,  or,  using  a  convenient 
tertninology,  it  inay  be  homolateral  or  contralateral.  Th<f 
phyaiologira!  value  of  the  ascending  fillers  in  the  posteriot 
funiculi  luis  l>een  investigated  by  a  large  nundier  of  observeraj 
The  physiologis^ts  have  em|>loyed  the  direct  method  of  rutting 
the  funiculi  in  the  thoracic  or  lumbar  regicm  ami  ob-serving  thei 
effect  upon  the  senaationa  of  the  parts  below  the  le.sion.  The 
positive  results  of  these  experiments  have  been  difficult  to 
discover.  Most  of  the  older  observers  fcmnd  that  there  was 
no  detectable  change  in  the  sensations  of  the  parts  below,  but 
they  paid  attention  only  to  cutaneous  sensations,  and,  indeed,) 
chiefly  to  the  sense  of  pain.  Later  observers*  have  differed] 
also  in  their  description  of  the  effects  of  this  operation;  butl 
most  of  them  state  that  the  animal  shows  an  awkwardness  nrl 
lack  of  skill  in  the  movements  of  the  Iiind  limbs,  especially  ini 
the  finer  iriovements,  and  this  effect  is  int^irpreted  to  mean  that) 
there  is  some  loss  of  muscle  sense.  This  conclusion  is  strength-' 
ened  liy  the  results  of  pathological  anatomy.  In  the  disease' 
known  ;ifl  ta!«es  dorsalis  the  posterior  funiculi  of  the  cord  in  the' 
lumbar  regitin  are  affected  and  the  .'striking  symptom  of  thisi 
condition  is  an  interference  with  the  power  of  co-ordinating, 
properly  the  movements  of  the  lower  lindus,  particularly  in  the' 
act  of  maintaining  liody  equilibrium  in  standing  and  walking. — 
a  condition  known  ivs  locoenotor  ataxia.  So  far  as  the  cutaneous 
sensations  are  concerned, — that  is,  the  sensatitms  of  touch, 
(pressure),  pain,  ami  temperature,— all  oliservers  agree  that  the; 
two  latter  are  not  affected  by  section  of  the  funiculi,  while  regarding! 
touch,  oi>inions  have  differed  radically.  Schiff  c-ontended  that 
touch  stnisations  are  dctectaldi-  as  long  as  thcsi'  funiculi  are  intact, 
and  are  seriously  interfered  with  when  they  are  ser-tioned:  but  most 
of  the  results,  pathological  and  experimental,  indicate  that  when 
the  continuity  of  these  fibers  is  destroye<l,  the  sense  of  touch  is 
still  present  in  the  parts  supplied  by  the  cord  below  the  lesion. 
An  explanation  of  the  confusion  in  the  reported  results  may  be 
found  perhaps  in  the  fact  reported  below  (see  p.  176)  that  fibers: 
conveying  the  impulses  necessary  to  tactile  di.*irriminatton  pa-sa 
upward  in  these  funiculi,  while  other  touch  (pres.sure)  iiupulsL** 
cross  in  the  cord  and  pass  upwartl  in  the  anterior  funiculi.     Ti> 

•  Borchert,  "Archiv  f.   PhynioloKii',"  1902,  :tH9.     S«>  nls<i  yhrrrington,^ 
"Journal  of  Physiology,"  14,  25.'>,  IHlUi. 
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vey  impulses  of  pain  or  temperaturr,  that   if  they  convey 
y   touch   (pressure*)   iiiipulseSj  they   certainly  do  not  fonn   the 
ly  path  of  conduction  for  this  sense,  and  that  most  proliaiily 
their  chief  function  is  the  con<luetit)n  of  innpulses  of  muscle  .sense, 
that  is,  they  con.sist  of  those  sensor>'  fibers  from  the  voluntary 
uscles,  the  tendons,  and  the  joints  which  give  us  an  idea  of  the 
isition  of  the  limhs  and  the  state  of  cuntraetiou  of  the  nujscles. 
e  muscle  sensations  thus  arouseii  in  th(»  higher  parts  of  the  brain 
necessary  to  the  profXT  co-ordination  of  the  movements  of  tlie 
uscles.     Injury  to  these  funiculi,  therefore,  while  it  does  not 
u?«e  paralysis,  is  followed  by  disorderly — that  is,  ataxic — move- 
ents.     On  the  hislolopical  side  it  has  lieen  shown,  as  stateil  above, 
t  the  fibers,  particularly  the  exogenous  libiTs,  end  in  nuclei  of  the 
medulla,  ami  thence  are  continued  forwani  by  the  great  sensory 
known  a»  the  **  lemniscus,"  to  end  eventually  in  that  part  of 
e  cortex  of  the  cerebrum  designated  as  thr  art  u  of  the  body  senses. 
Ascending  (Afferent  or  Sensory)  Paths  in  the  Lateral  Funic- 
— The    two    best    known   ascending    tra<-t,s    in    these    funiculi 
those  of  the  cerebellospinal  and  the  suf>erticial  anterolateral 
li.     The    former    takes    its   origin    in    the    lower    thoracic 
and  is  composed  of  axons  connected  with  the  tract  cells 
dorsal  nucleus.     The  impulses  which  its  fibers  convey  are 
ught  into  the  cord  through  those  fibers  of  the  posterior  root 
at  end  around  the  cells  of  the  dorsal  nucleus.    A  nundier  of 
e  fibers  in  this  funiculus  end  doubtless  in  the  gray  matter  of 
e  upper  regi()ns  fif  the  cord, 
t    roost  of  them   continue 
ward    on    the    same    side, 
ter  the  inferior  pe<lunclc  of 
cerebellum      (restifurm 
iy),  and  terminate  in  the 
•(Steriorand  median  pcirtions 
the  vermiform  lobe,  mainly 
i\\e  Bame  side,  but  partly 
on    the    opposite    side. 
Buperficial   anterolateral 
iniius,  situated  venlrally 
the    cerebellospinal    fas- 
iuR  (gr,  Fig.  75),  may  ex- 
nd  forward  into  the  anterior 
niculi  along  the  periphery 
the  cord.    The  two  bun- 
may  1^  more  or  les.«i  intermingled  at  the  points  of  contact, 
tract  b«?ginj4  in  the  lumbar  region,  its  fibers  arising  on  the 
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Fir.  78. — To  rdiow  the  course <if  llr;  (ib«r« 
of  the  c<'rel>rllBr  tmrlK  of  «lie  cord  {Mutt): 
r.o.c.  Ventral  tract  (;tuperiirial  antPPolatcraU; 
il.a.r..  (Inrwil  trart  tcpr»1>eIlo.»pinBl);  s.f., 
ouperior  vemvin;  P.C.Q.,  inferior  coUirulu5. 
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same  side  from  tract  cells  situated  in  the  intermediate  portions 
of  the  gray  matter,  or,  according  to  Bruce,*  in  the  lower  cells  of  the 
column  of  Clarke.  This  author  states  also  that  fibers  belonging 
to  this  tract  in  the  lower  thoracic  region  may  pass  over  into  the 
tract  of  Flechsig  at  higher  levels.  Many  of  the  fibers  in  this  tract 
possibly  terminate  in  the  cord  itself,  since  the  bundle  does  not  in- 
crease regularly  in  size  as  it  passes  up  the  cord.  Most  of  the  bundle 
continues  forward,  however,  along  the  ventral  side  of  the  pons, 
gradually  shifts  more  to  the  dorsal  side,  and  at  the  level  of  the 
superior  peduncles  of  th^  cerebellum  turns  i>ackward,  for  the  most 
part,  at  least,  and  passes  to  the  cerebellum  by  way  of  the  superior 
peduncle  (brachium  conjunctivuni)  and  the  anterior  medullary 
velum,  to  end  in  the  vermiform  lolie  chiefly  on  the  same  side,  but  to 
some  extent  on  the  opposite  sidef  (Fig.  78).  The  area  of  dis- 
tribution of  these  fibers  lies  anterior  or  headward  of  those  arising 
in  the  dorsal  cerebellospinal  tract  (Flechsig).  Where  this  tract 
separates  from  the  cerebellospinal  fasciculus  it  is  .stated  X  that  it 
gives  ofT  a  number  of  fibers  which  enter  the  restiform  body  with 
the  cerebeIlos]iinal  fasciculus  to  end  in  the  cerelieilum.  This 
and  other  facts  indicate  that  the  two  tracts  constitute  a  com- 
mon system.  Regarding  the  physiologj'  of  these  two  tracts 
there  is  little  experimental  and  not  much  clinical  evidence. 
Some  observers  have  cut  the  cerebellospinal  fasciculus  in  ani- 
mals, but  with  no  very  obvious  effect  except  again  a  slight 
degree  of  ataxia  in  the  movements  below  the  lesion  and  some 
loss  of  muscular  tone.S  This  result,  together  with  the  fact 
that  the  bundle  ends  in  the  cerebelhim,  gives  reason  for  be- 
lieving that  the  fibers  convey  afferent  impulses  from  the  muscles. 
As  we  shall  see,  much  evidence  of  various  kinds  connects  the  cere- 
bellum with  the  co-ordination  of  the  muscles  of  the  body  in  the 
complex  movements  of  standing  and  locomotion.  This  power 
of  conardination  in  turn  depends  upon  the  afferent  impulses  from 
the  muscles  and  perhaps  the  joints  and  other  .so-called  deep  sen- 
sory parts,  and  since  the  fibers  of  the  cerebellaspinal  fasciculus 
end  in  the  cereVjellum,  and  since  experimental  lesion  of  them 
gives  no  loss  of  cutaneous  sensibility,  but  some  degree  of  ataxia, 
lit  seems  justifiable  to  conclude  that  these  fibers  are  physiolog- 
ically muscle-sen.He  fibers.  The  similar  fibers  in  the  posterior 
funiculi  end  eventually  in  the  cortex  of  the  cerebrum,  and  may 
be  supposed,  therefore,  to  mediate  our  con.soious  muscular  sensa- 

•  Bruce,  "Quarterly  .loumal  of  Exp.  Physiology,"  3,  3ftl,  1910. 

t  For  the  Ittenitiir*'  upon  th«w'  tracts  sof  Van  Gchurhtcn,  "IjC  N^vraxe," 
3,  157.  1901;  Horslev  and  iMacnalty.  "Hraiii,"  IWW.  237,  and  Bruce,  loc.  cit. 

t  Schiifer  anti  Bnice,  "Journal  of  Physiology,"  1907  ("Proc.  Phymol. 
Soc."). 

§  Bing,  "Archiv  fiirPliyaiologie,"  1906,  250;  also  Horsley  and  Macnalty^ 
lor.  cit. 
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,  but  these  fibers  in  the  cerebellospinal  tract  end  in  the  cere- 
i,  an  organ  which,  so  far  as  we  know,  gives  rise  to  no  conscious 

xions.  To  speak  of  them,  therefore,  as  muscle-sense  fibers 
"■qr  be  somewhat  misleading,  and  it  may  be  better  to  foHxnv  the 
pha  of  designating  them  as  the  non-sensory  afferent  fibers  from 
the  muscles;  The  superficial  anterolateral  fasciculus  has  been  the 
object  of  some  experimental  study  from  the  physiological  side, 
bat  tbc  results  have  been  negative.  Clinically,  the  tract  may  be 
■TOived  Ua  pathological  or  traumatic  lesions  of  the  lateriil  funiculi. 
Goweni  pvcs  a  historj'  of  some  such  cases,  which  lead  him  to 
believe  that  this  tract  constitutes  a  pathway  for  pain  impulses, 
•od  this  view  or  the  view  that  it  conducts  the  impulses  of  both  pain 
ud tonperature  has  Ut-n  more  or  less  generally  accepted.  Entire 
tooUenoe,  however,  carmot  be  placed  in  this  conclusion,  since  the 
kuQS  in  question  were  nut  strictly  confined  to  the  fasciculus 
bqintstaoD,  although  clinical  evidence  inrlioates  that  the  fibers 
Mmcyiog  impulses  of  pain  or  of  pain  and  temperature  lie  in  the 
tttgbborbood  of  this  tract.  The  only  positive  indication  that  we 
bivc  coiiceming  the  phy.siological  value  of  this  specific  tract  of 
is  given  by  their  histology  in  the  fact  that  they  end,  for  the 

part,  in  the  eerel)ellum.  The  cerebellum,  w^e  know,  may  be 
raaoved  in  dogs  and  monk<'Vs  without  loss  of  the  sensation  of  pain, 
tanperature.  or  touch,  and  this  fact  sjx'aks  strongly  against  the 
new  that  either  the  cerebellospinal  or  the  superficial  anterolateral 
iMaealus  is  concerned  in  the  conduction  of  these  cutaneous  sen- 
■tiOBS.  From  a  physiological  standpoint  we  should  lie  inclined 
tobefiere  that  both  of  these  traw^ts  contluct  afferent  impulses  from 
thp  ticues  lying  under  the  skin,  particularly  from  the  musclejs, 
Imdons,  and  joints.  It  would  seem,  therefore,  that  all  the  long 
••eroding  tracts  in  the  posterior  and  lateral  funiculi  of  the  cord 
flagrbe  made  up  of  fibers  of  muscle  sense,  using  this  term  in  a  wide 
■Me  to  include  the  deep  sensibility  of  the  joints,  tendons,  and 
BOkIm.  The  immense  importance  of  mu.scular  control  in  the 
OttitrtenAnce  of  life  and  in  defense  against  enemies  may  explain, 
tqxn  the  doctrine  of  the  struggle  for  exist^'nce,  why  the  lung 
ptths  sbotltd  have  been  dcveloperl  first  in  connection  with  this 


The  Spinal  Paths  for  the  Cutaneous  Senses  (Touch,  Pain, 
tad  Temperature). — From  the  facts  stated  in  the  last  two  para- 
it  would  seem  probable  that  the  spinal  paths  for  touch, 
azkI  temperature  nmst  l>e  along  the  short  association 
timetM  of  the  proper  fascicidi  of  the  lateral  and  anterior  funiculi, 
is  evidence  from  the  clinical  side  that  the  paths  of  con- 
fer these  senses  are  separate.  In  the  pathological 
•Gowere,  "Lancet,"  1888. 
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♦oinlitioti  known  as  syringomyelia,  cavities  are  foniipil  in  th^ 
cord  affecting  chieHy  the  central  gray  matter  aud  the  contiguous- 
portions  of  the  white.  In  these  cases  a  frequent  symptom  is 
what  is  known  as  the  disscic-iatiun  of  sensations;  the  patient 
loses,  in  rertain  regions,  the  .sensations  of  pain  and  temperature 
(analgesia  and  thermo-anesthesia),  hut  preserves  that  of  pressure 
(touch).  Facts  of  this  kind  indicate  that  the  pat  lis  of  conduc- 
tion for  touch  are  se]>arate  from  those  for  pain  and  temperature, 
but  little  that  i.s  positive  is  known  regarding  the  exact  location  of 
these  paths.  The  fibers  of  pain  and  teniijerature  probably  en<l 
in  the  gray  matter  of  the  coni  (posterior  column)  soon  after  their 
entraii'-e,  and  the  jiath  is  continued  uy.nvard  by  tract  cells  wlu».se 
axons  enter  the  proper  fasciculi  in  the?  anterolateral  funiculi,* 
but  the  mimhcr  i>f  such  neuroas  concerned  ir»  the  conduction  as  far 
as  the  medulla  is  not  knowTk.  Regarding  the  path  for  the  touch 
impulses  a  singular  amount  of  uncertainty  has  prevailed.  Thi? 
,1  sense  is  not  lo.st  or,  at  least,  is  rarely  lost  in  cases  of  syringomyelia 
\{  in  which  the  other  cutaneous  seuiws  are  affected.  On  the  other 
band,  the  posterior  funiculi,  as  we  have  seen,  may  be  completely 
sectioned  in  lower  animals  without  destroying  the  sense  of  touch 
and  in  the  case  of  man  extensive  pathological  lesions  of  the  same 
funiculi  are  reported  in  which  the  sense  of  touch  was  not  lost. 
Some  authors,  theref4)re,  have  been  led  to  l>elieve  that  the  touch 
I  impulses  may  be  conveyed  ujj  the  cortl  by  several  paths:  by  the 
'  long  association  fibers  of  the  posterior  funiculi,  and  by  the  short 
a.s.sociation  fibers  of  the  lateral  fiuiiculi.  Such  a  view  receives 
little  support  from  the  experimental  work  on  the  lower  mammals. 
In  these  animals  the  evitlenee  tends  to  show  tliat  the  conduction 
is  by  wa\'  of  tha  lateral  or  anterolateral  funiculi,  by  means  of  tract 
cells  ami  short  a.s.sociation  tracts.  The  fat^t  tliat  in  mar  the 
clinical  evidence  seems  to  jioint  to  the  jxusterior  funicuh  as  a  pos- 
sible or,  ind<H'd,  probable  path  for  these  fil>ers  may  .«ierve  to  ex- 
emplify the  fact  that  in  these  matters  the  various  mammalia 
differ  more  or  less  accorfling  to  the  degree  of  their  development. 
It  .seems  pos.sil>lp  that,  so  far  as  man  is  concerned,  an  explanation 
of  the  difference  of  opinion  rcgarchng  the  spinal  paths  of  the  sense 
of  touch  is  fount!  in  the  distinction  maxie  !>y  Head  and  Thompson f 
between  tactile  discrimination  and  cutaneous  sensibility  to  touch. 
By  the  former  is  meant  the  ability  to  discriminate  between  two 
stimuli  applied  8imultamH>usly  to  the  skin  at  a  rertain  di.stanee 
apart,  by  the  latter,  the  ability  to  perceive  and  locate  accurately 
a  light  pressure  stimulus  applied  to  the  skin.     These  two  forms  of 

*  For  iiispas.Hion,  spp  Bfrtliolct,  "Le  Wvtaxp"  li»06,  vii.,  2.S.3,  for  the 
lower  animals  and  Heud  unci  Thoniji«<>n,  "Bnun,"  1906,  p.  ."jST,  and  Thomp- 
son "LaiifPt,"  1901),  fnr  man. 

t  Head  and  Thompeon,  "B«dn,"  1906. 
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eataneous  touch  sensations  are  mediated  according  to  these  authors 
by  separate  systems  of  fibers.  A.s  the  result  of  a  spinal  lesion  the 
power  of  discrimination  may  be  lost  over  a  given  area  of  skin 
which  otherwise  is  completely  sensitive  to  all  cutaneous  stimuli. 
They  find  that  the  ftlw^rs  i>f  tat'lilc  lii.scrimination  travel  up  the 
cord  uncrossed  in  the  posterior  funiculi,  together  with  the  fibers 
of  muscle  sense — that  is,  the  fibers  which  give  us  a  sense  of  jxisi- 
tion  and  movement  of  the  limits.  The  fibers  of  cutaneous  touch, 
sensations  in  general,  on  the  contrary,  cross  to  the  other  side  before 
reaching  the  medulla,  and  pass  upward  in  the  anterior  ground- 
bundles. 

Homolateral  and  Contralateral  Conduction  of  the  Cutaneous 
Impulses. — Clreat  interest,  from  the  medical  sitle,  has  been  shoAvn 
in  the  question  of  the  crossed  or  uncrossed  conduction  of  the 
cutaneous  impulses  in  the  cord.  The  matter  is  naturally  one 
of  importance  in  diagnosis.  In  human  beings  it  was  jx»inted 
out  by  Brown-Sequard*  that  TV'i-i'rrfi!  lesions  of  the  rord  are 
followed  by  muscular  paralv-  on  ilic  >aijir  -iri.  ,  and  losa 

of  (••ii.Hin'oii*^  K<'n-^ilii!ity  on  tin  ujiim-j^'  ;  )<  This  syndrome 
has  tn't/u  in-Ill  cliiiiciiliy  to  i'stabii>h  liic  ili.'tgnosis  uf  a  unilateral 
keion,  and  has  led  to  the  view  that,  while  the  conduction  of 
the  motor  impulses  is  homolateral,  that  of  the  cutaneous  sen- 
aory  impulses  is  contralateral.  Experimental  work  on  lower 
animals,  un  the  contrary,  has  not  suppurted  thi.«i  view.  While 
results  in  this  direction  have  varied,  as  would  be  expected  from 
the  intrinsic  difficulties  connected  with  the  interpretation  of 
sen.9at.ions  of  an  animal,  the  general  outcome  has  been  to 

>w  that  the  sensory  conduction  is  bilateral,  but  nuiinly  on 
le.  That  is,  if  the  cord  is  cut  on  one  side  only 
I)  in  the  thoracic  region,  the  cutaneous  sensibility 
of  the  parts  below  the  lesion  is  impaired  upon  the  same  side, 
but  not  completely  abolished,  showing  that  some  crossing  has 
taken  place,  f  It  is  probable  that  this  crossing  is  more  com- 
plete in  man  than  in  the  lower  animals,  although  later  studies 
in  man  of  unilateral  lesions  of  the  cord  (Brown-St'tjuard  paraly- 
sis) indicate  that  the  contralateral  loss  of  cutaneous  sensibility 
affects  completely  the  senses  of  pain  and  temperature,  and  in 
part  the  sense  of  touch,  while  muscular  sensibility  is  aflccted  only 
on  the  same  side.  Head  and  Thompson,  in  the  paper  previously 
referred  to,  conclude,  u|>on  the  basis  of  extensive  clinical  studies, 
that  in  man  all  the  filjers  of  cutaneous  sense  cross  in  the  cord 
except  thcec  mediating  tactile  discrimination.  As  stated  above, 
these  latter  pass  upwanl  in  the  posterior  funiculi  together  with 


•  Brown-8«quard,  "Journal  de  Physiologic."  6,  124,  232,  581,  1863. 
t  Mott,  "Brain,"  1896,  1,  and  Berthoiet,  "Le  N6vraxe,"  1906,  vii.,  283. 
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Fif.  79. — Diacram  of  the  afferent  Derve-6benia]id  their  course  in  the  ipinal  cord:  a,  Spccifio 
receptor  for  painful  impuljies;  b,  apeoiGo  reoeptor  for  hent  impulse.*;  r,  upecifie  reoq>UH'  (or  pold 
impulaea;  d.  spccilic  roceptar  far  tactile  impulaoa;  e.  apcclfir  rL-coptor  for  impulaea  of  paaaive 
l>a«ittun  and  tactile  discriiDinatioD;  /,  apeotfic  receptor  for  1lDn-npIlfK^^y  afferent  iznpulim:  1, 
»eri!K>r>'  fibeia  of  the  secaod  order  fpr  paiivticat,  and  cold;. 2,  scnaorj'  fibers  of  the  second  order 
for  taijrrh:  3,  aenaory  fiboni  of  the  b^^codiI  order  for  pansive  poirilion  nnd  tortile  discriminalioD; 
4,  long  libera  <UDcn>aed)  in  the  posterior  noluriin  of  (he  rord;  f>,  .ipinociTebellar  tracta  (lateral 
coluniiu)  for  non-aeoaory  afferent  impulses  (from  Thompwin,  sliiihtly  inudifi^). 

Cutaneous  sensibility  they  divide  further  into  epicritic  sensibility 
(touch,  cold,  heat)  and  protopathic  sensibility  (cold,  heat,  pain)^ 
see  p.  273.  The  fibers  of  those  three  general  varietie.'i  are  re- 
RTouped  in  the  cord  in  such  a  way  that  the  epicritic  and  proto- 
pathic temperature  fibers  are  brought  together  into  a  common  tract, 
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is  contralateral;  the  deep  and  cutaneous  pain  fibers  are 
uuit<sj  into  a  common  tract,  which  is  contralateral,  and 
ruUoraus  pressure  fibers,  except  tluxse  metliating  tactile  discrini- 
intioQ,  unite  with  the  deep  pressure  fibers  to  form  a  common  tract 
wtiA  craaacs  the  mid-line  less  promptly.  This  conception  is 
imiicated  in  the  accompanying  soJiema  {Fig.  79).  According 
Ui  ibeir  interpretation,  a  complete  unilateral  lesion  of  the 
wH  in  the  cer\ncal  region  would 
l»  followed  by  a  homolateral 
ini  of  motion  in  the  parts  btJow,  //\  \  \  V 
lod  also  of  tactile 
ami  muscle  sense, 

fcnntocoverthcdeepsensiinltty  in     '      |\" 
icgttd  to  position  and  movements 
of  tbp  Hmbs.    On  the  contralateral 
■df  there  would  be  a  loss  of  pain, 
tapcrature,  and  pressure. 

The  Descending  (Efferent  or 
Motor)  Paths  in  the  Antero-lateral 
Column. — The    main    descending 


a  the  parts  btJow,      //\^'.  \  V 

tile  discrimjimtion  /7\  >  \  *» 

le,  usmg  the  latter  ,■  /"^\    ^4\'\  ', 

•deep sensibility  in  '"'      i\*\\\  '• 

sure. 

[Efferent  or 

Qtero-laterai 

mam    descending 

piili  in  the  cord  is  the  pjTamidal  I J 

or  cerebrospinal  system  of  fibers." 

la  man,  as  shown  in  Fig.  75,  there 

art  two  faaciculi  belonging  to  this 

qntem — the  anterior  and  the  lat- 

(nlnrnmidal  tracts.     Both  tracts 

•rJaefrom  the  anterior  pyramids  on 

the  Ventral  face  of  the  medulla, 

vhenee  the  name  of  the  pyramidal 

tjUfBL     At  the  junction  of   the 

■cdolla  and  cord  the  fibers  of  the 

pyiuuds  decussate  in  part,  form- 

inf  «  conspicuous  feature  of   the 

iotenul   structure  at   this  point, 

known  as  the  pyramidal  deeussa- 

tna.     According    to   the   general 

Kiwina  of  this  decussation  (see  Fig. 

W),  the  larger  number  of  the  fillers 

JO  tbe  pvTamid  of  one  side  pass 

•W  to  form  the  lateral  pyramidal 

htdcnlos  of  the  other  side  of  the  cord  (4,  5),  while  a  smaller  part 

(3)  continues  down  on  the  same  side  to  form  the  anterior  pyra^ 

aidal  fasciculus.      Eventually,  however,  these  latter  fibers  also 

CTMP  the  mid-line  in  the  anterior  white  commissure,  not,  however, 

aD  at  Qooe,  as  at  the  pyramidal  decussation,  but  some  at  the  level 


FIb.  80.— Sclieiiui  rrpn-wjitinit 
the  couTM  of  ihe  fib«n  irf  Uie  pyt«- 
inidaJ  or  cerFbimuin*]  (yitem:  t, 
Fibrra  to  tli«  nuclei  of  the  crmnuU 
nerve;  2,  uncro»wed  fibers  lu  the 
lalefBl  pyramidal  fatxHrulux;  3,  fibera 
to  lh«  anterior  pynunidal  (cisrirulus 
rriHHtinK  in  'the  ct>rd;  *  anrl  ."i,  fibera 
that  erufla  in  the  pyraiiiiilal  il<>cuna- 
tion  to  make  the  lat4>ral  jiymuiidal 
faseieulua  w(  the  (rppoaite  Aide. 
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of  each  spinal  nerve.  These  pyramidal  fibers  have  their  origia 
in  the  cortex  of  the  cerebral  hemispheres  in  large  pyramidal 
cells;  some  of  them  cross  the  mid-line  before  reaching  the  medulla 
to  end  around  the  cells  of  origin  of  the  cranial  nerves,  but  the 
greater  number  continue  into  the  cord  and,  after  crossing  the  mid- 
line in  the  pyramidal  decussation  or  in  the  anterior  white  com- 
missure, terminate  around  the  motor  cells  of  the  anterior  columns 
which  give  rise  to  the  motor  roots  of  the  spinal  nerves.  Both 
fasciculi >  the  lateral  and  the  anterior,  continue  throughout  the 
length  of  the  cord,  diminishing  in  area  on  the  vi&y  as  some  of  their 
fibers  terniinate  in  cacti  segment.  Thjsj^jfftem  of  fibers  is  sup{X>8ed 
to  rc]  in  SI 'I  it  till'  niii  h.'uii.«im  for  effecting  voluntary  movements, 
atnl  :u-cording  to  tht-  general  schema  the  voluntary  motor  path 
from  cerebrum  to  muscle  comprises  two  neurons, — the  pyra- 
mi<lal  or  cerptirospinal  ncurt)n  and  the  spinal  or  the  cranial 
neuron.  Moreover,  as  represented  in  the  schema,  the  innerva- 
f  tion  is  crossed,  the  right  side  of  the  brain  controlling  the  mus- 
culature of  the  left  side  of  the  body  and  vice  rcrsa.  As  we  shall 
see,  however,  when  we  come  to  study  the  motor  areas  of  the 
brahi,  this  rule  has  im]iortant  exceptions,  and  histologically 
there  is  proof  that  some  of  the  fibers  in  each  pyramid  (2  in 
Fig-  80).  continue  into  and  terminate  in  the  cord  on  the  same 
side.  The  pyramidal  system  varies,  in  an  interesting  way,  in 
the  extent  of  its  development  among  the  liifferent  vertebrates. 
It  reaches  its  highest  development  in  man  and  the  anthropoid 
apes.  In  the  other  mammalia  it  is  relatively  iess  important 
and  the  anterior  fasciculus  in  the  anterior  funiculus  is  lacking 
altogether.  In  the  birds  what  represents  the  same  system  is 
found  in  the  anterior  funiculus  (Sandmeyer),  while  in  the  frog 
the  system  does  not  exist  at  all. 

The  relative  importance  of  the  system  in  the  different  mammalia 
is  indicated  in  the  accompanying  table  taken  from  Lenhoasek,* 
in  which  the  area  of  the  pyramidal  system  is  given  in  percentage 
of  the  total  cross-area  of  the  cord: 

Mouse 1.14  per  cent. 

Guinea  pig 3.0  " 

Rabbit 6.3 

Cat 7.76        " 

Man 11.87        " 

Evidently,  therefore,  the  importance  of  the  pyramidal  system 
varies  in  different  animals,  and  it  is  necessaty  to  Ijear  this  fact 
in  mind  in  applying  the  results  of  experiments  on  the  lower  animals 
to  man.  In  the  lowest  vertebrates  there  are  undoubtedly  motor 
paths  between  the  brain  and  cord  througli  which  so-called  voluntary 

*  LenhoatH^k,  ''  Bau  dea  NerveaAyHlenis,"  secoad  edition,  189S. 
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movements  are  eflfected,  but  these  are  probably  short  paths  in- 
volving a  number  of  neurons.  The  higher  the  position  of  the 
animal  in  the  phylo^enetic  scale,  the  more  complete  is  the  develop- 
raeut  of  the  long  pyramidal  system;  but  even  in  the  higher  mam- 
mals it  ia  probable  that  motor  paths,  other  than  the  pyramidal 
Bystem.  connect  the  cortex  and  subcortical  centers  with  the  motor 
nuclei  in  the  cord.  In  the  dog,  for  example,  section  of  the  pyramids 
is  not  followed  by  complete  paralysis,  and,  iiaiccci,  after  such  sections 
stimulation  of  the  motor  areas  of  the  cortex  still  causes  definite 
muscular  movements.*  One  such  indirect  motor  path  is  referred 
to  below  in  connection  with  the  rubrospinal  tract  (Monakow's 
bundle). 

Less  Weil-Known  Tracts  in  the  Cord, — In  addition  to  the 
tracts  just  de-scrilied  there  are  a  number  of  othei's — mainly,  descend- 
ing tracts — concerning  which  our  anatomical  knowledge  is  less 
complete,  and  the  physiological  value  of  which  is  entirely  un- 
known or  at  best  is  a  matter  of  inference  from  the  anatomical 
relations.f 

Descending  Tracts  in  (he  Posterior  Funiculus — Comma  Tract; 
Oval  Field. — In  the  po.sterior  funiculi  several  tracts  of  descending 
fibers  have  been  described.  The  comma  tiact  of  Bchultze  is 
found  in  the  cervical  and  the  upper  thoracic  cord.  The  bundle 
Uea  at  the  border-line  between  the  fa.sciculus  gracilis  and  the 
fasciculus  cuneatus.  In  the  lower  regions  of  the  cord,  lumbar 
and  sacral,  .similar  smul!  areas  of  dcsceiuling  fibers  are  finnul — 
oval  field  (Flechsig),  metlian  triangle  (Gonibault  and  Philippe)  — 
which  represent  possibly  different  systems.  It  is  probable 
that  these  fibers  belong  to  the  group  of  long  association  fibers 
CHjnnecting  distant  portions  of  the  cord.  Nothing  is  known 
iTgarding  their  pbysiulugy. 

Defcmding  Tracts  in  the  Avterolahral  Funicultis. — The  pre- 
pyraniidal  tract,  known  also  as  Monakow'.s  bundle,  the  fasciculus 
intcrmediolateralis,  or  the  rubrospinal  tract,  is  a  conspicuous 
bundle  forming  a  wedge-shaped  or  triangular  urea  in  the  lateral 
columns  between  the  lateral  pyramidal  fasciculus  and  the 
superficial  anterolateral  fasciculus  (Gower's),  or,  perhaps,  more 
correctly  speaking,  forming  thn  anteri<ir  portion  of  tlie  lateral 
pyTami<lal  fasciculus;  the  two  systems  being  more  or  less  inter- 
mingled. The  fibers  composing  this  liundle  are  descending 
fibers  that  take  their  origin  in  tlic  midbrain  in  the  cells  of  the 
red  nucleus.     Shortly  after  their  origin  they  cross  to  the  opposite 

•  Rolhmann,  "Zpitschrift  f.  klin.  Med.,"  vol,  xlviii.,  1903  ;  Schftfer, 
•'Qu«1erly  Journal  of  Exp.  PhysioioRy,"  3,  3.5.5.  IfllO. 

tColUer  and  Buzzanl,  "Brain,"  IWl,  177;  Eraser,  "Journal  of  Phyw- 
ology,"  28,  366,  1902.  For  summarv  and  literature  consult  Van  Gehuchtcn, 
"AnaUunie  du  syst^me  nervcux  dc  ['bomme,"  4th  e*l.,  1(106. 
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side  and,  passing  through  the  poiLs  and  medulla,  enter  the  spinaC 
cord  in  the  lateral  funiculi,  in  wJiich  they  may  be  detected  as  fan 
as  the  sacral  region.  These  fibers  terminate  around  cells  lying  in 
the  jK>sterior  part  of  the  anterior  column  of  gray  matter,  whose 
axons,  ill  turn,  probably  emerge  through  the  anterior  roots.  This 
tract,  therefore,  eoiistitutes  a  cros.sed  motor  path  from  midbrain 
to  the  anterior  roots,  and,  since  the  retl  nucleus,  in  turn,  is  con- 
nected with  the  cerebrum,  either  direcitly  or  by  way  of  the  cere- 
bellum, it  represents  a  cerebrospinal  motor  path  in  addition 
to  that  offen'd  by  the  pyramidal  system. 

The  vestiliulospinal  fibers  lie  anterior  to  the  preceding  tract 
in  the  anterolateral  funiculus;  they  may  extend  into  the  anterior 
funiculus  as  far  as  the  anterior  pyramidal  fasciculus.  It  is  stated 
that  the^'  arise  in  cells  of  the  nucleus  of  Deiters  and  the  nucleus  of 
Bechtcrew,  and  similar  cells  lying  in  the  region  of  the  pons.  In 
the  cord  these  fibers  end  around  cells  in  the  anterior  column. 
Since  the  Deiters  nucleus  fonns  a  tennination  for  the  sensorj* 
fibers  of  the  %'estiljular  branch  of  the  eighth  cranial  nerve,  and  since 
these  fibers  are  helicn'od  to  give  us  a  sense  of  the  p...-.ition  of  the  Ixjdy 
and  t-o  be  concerned  in  the  reflex  adjustment  of  the  muscles  in  the 
movements  used  to  maintain  equilibrium,  their  connection  in 
Deiters'  nucleus  with  a  spinal  motor  path  becomes  very  significant 
as  furnishing  a  retlex  arc  through  which  sensory  impressions  from 
the  vestibular  npt>aratus  in  the  ear  may  automatically  eontrol 
the  musculature  of  the  body.  A  number  of  other  descending 
paths  in  the  anterior  and  lateral  funiculi  have  been  described, 
such  as  Helweg's  l>uudle  or  the  olivosjvinal  tract,  lying  un  the 
margin  of  tlie  cord  at  the  junction  of  the  anterior  and  the  lateral 
funiculi  and  supposed  to  arise  in  the  olivary  liodies;  the  anterior 
and  the  lateral  reticulospinal  tracts  arising  from  cells  in  the 
reticular  forniati()n  of  medulla,  pons,  and  midl>rain;  and  the 
continuation  into  the  cord  i>(  the  important  tiiedial  longitudinal 
fasciculus  (post.  hmg.  fiutidle),  which  extends  from  the  midl)iain 
through  to  the  cortl  and  connects  the  motor  nuclei  of  the  cranial 
nerves  with  the  mot(>r  centers  of  the  cord.  Concerning  these 
and  .similar  tracts  our  physiological  knowledge  is  scanty,  and  it 
is  not  possible  at  present  to  employ  them  with  certainty  in 
explaining  the  activity  of  the  neuromuscular  apparatus. 
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From  the  time  of  fJalen  in  the  second  centun'  of  tlie  Christian 
era  the  brain  has  been  reeopiized  a«  the  organ  of  intelligence  and 
conscious  sensations.  Galen  established  this  view  not  only  by 
anatomical  dissectioas,  confirming  the  older  work  of  the  Alexandrian 
school  (third  century  B.C.)  in  regard  to  the  origin  from  the  brain 
of  the  cranial  nerves,  but  also  by  numerou.s  vivisection  exjxirhiients 
upon  lower  animaLs.  All  modem  work  has  confirmefl  this  belief 
and  haa  tended  to  show  that  in  the  cerebral  hemisphere!*  and,  indeed, 
in  the  cortex  of  gray  matter  lies  the  seat  of  consciousness. 
It  is  perhaps  still  an  ojx^n  question  as  to  the  existence  of  a 
ious  or  psychical  factor  ju  the  activitie.s  of  other  parts  of  the 
ous  system,  but  there  Ls  no  doubt  that  the  higliest  develof> 
ment  of  psychical  activity  in  man  is  a.ssoeiated  with  the  cortical  mat- 
ter of  the  cerebrum.  In  the  young  iiifunt  the  dawn  of  its  mental 
powers  is  connected  with  and  dependent  on  the  development  of  (he 
DOimal  cortical  .structure,  while  in  extreme  age  tlie  failure  in  the 
mental  faculties  goes  hand  in  liand  with  an  atrophy  of  the  element,'* 
of  the  cortex.  If  tliis  cortex  were  removed  all  the  intelligence,  sen- 
n,  and  thought  that  we  recognize  as  characterizing  the  highest 

chical  life  of  man  would  be  d&stroyeil,  and  abnonimlities  in  the 
structure  of  this  cortical  material  are  accepted  as  the  immediate 
factor  of  those  perversions  in  reasoning  and  m  character 
ich  are  exhibited  by  the  iasane  or  the  degenerate.  The  cortical 
gny  matter,  therefore,  bthe  chief  organ  of  the  p.sychical  life,  the 
tissue  through  whose  activity  the  objective  changes  in  the  external 
world,  flo  far  as  they  affect  our  sense  orgaits,  are  converted  into 
the  sxjbjective  changes  of  consciousness.  The  nature  of  this  reac- 
tion constitutes  the  most  diffieuU  prol>lem  of  physiology'  and  psy- 
chology, a  problem  which  it  k  generally  believe<l  Ls  beyond  the 
poflBibllity  of  a  satLsfactorv'  scientific  explanation.  For  it  is  held 
that  the  methods  of  science  are  applicable  only  to  the  investiga- 
tion of  the  objective — that  is,  the  physical  and  chemical — changes 
within  the  nervous  matter,  while  the  p.sychica!  reaction  is  of  a  nature 
that  cannot  l>e  approached  through  the  conceptions  or  methods 
of  physical  science.  In  other  words,  there  is  a  phvsicochemical 
mechanism  in  the  brain  matter  which  is  capable  of  giving  us  a 
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reaction  in  consciousness.  The  methods  of  physiology  are  adapted 
to  the  investigation  of  the  nature  of  this  mechanism,  but  the  reac- 
tion in  consciousness  deals  with  a  sometliing  which  so  far  as  we 
know  is  not  matter  or  energj',  and  which,  thereforej  is  not  within 
the  scope  of  physiological  or.  indeed,  scientific  explanation.  In 
what  follows,  therefore,  attention  is  called  only  to  the  mechanical 
side, — the  facts  thiit  have  i)een  discovered  regarding  the  anatomical 
structure  and  the  physical  and  chemical  properties  of  the  nervous 
mechanism. 

The  Histology  of  the  Cortex. — The  finer  structure  of  the 
different  regions  of  the  cortex  has  been  the  subject  of  much  investi- 
gation, but  in  this  connection  it  is  only  necessary  to  recall  the 
elementary  facts  so  far  as  they  are  useful  in  physiological  explana- 
tions. Leaving  aside  differences  in  the  shape  and  stratiBcation 
of  the  cells,  it  is  an  interesting  fact  that  the  cortex  everywhere 
has  a  similar  structure.  It  con.sists  of  four  or  five  layers  more  or 
less  clearly  distinguishable  (see  Fig.  81). 

1.  The  superficial,  plexiform,  or  molecular  layer,  lying  imme- 
dliately  beneath  the  pia  mater,  and  having  a  thickness  of  about 
0.25  mm.  In  this  layer,  in  addition  to  the  supporting  neuroglia, 
there  are  found  a  number  of  very  small  nerve  cells  of  several  types 
lying  with  their  processes  parallel  to  the  surface  of  the  brain.  The 
axons  and  dendrites  of  these  small  cells  terminate  within  the  layer, 
so  that  they  take  no  direct  part  in  the  formation  of  the  white 
matter  of  the  brain,  but  have,  probably,  a  distributive  or  associa- 
tive function.  In  this  layer,  also,  end  many  of  the  dendrites  of  the 
larger  nerve  cells  of  the  deeper  layers  and  the  terminal  arboriza- 
tion of  entering  nerve  fibers  (axons)  from  other  regions. 

2.  The  layer  of  pyramidal  cells.  This  layer  is  characterized 
by  the  presence  of  numerous  pyramidal  cells  (see  D,  Fig.  84), 
which  in  general  increa.se  in  size  in  passing  from  the  upper  to  the 
lower  strata.  The  apices  of  these  cells  are  directed  toward  the 
external  surface.  The  dendrites  from  the  apical  proces.s  tenninate 
in  the  molecular  layer,  while  the  axon  arising  from  the  basal  side 
of  the  cell  passes  inwardly  to  constitute  one  of  the  nerve  fibers  of 
the  medullary  portion  of  the  cerebrum.  This  thick  lamina  of 
cells  is  sometimes  subdivided  into  three  layers  of  small,  medium, 
and  targe  pyramidal  cells, 

3.  The  granular  or  stellate  layer  composed  of  many  small  cells, 
some  of  which  are  pyramidal  and  some  stellate  in  form,  with  short 
branching  axons.  These  latter  belong  to  Golgi's  second  type  of 
nerve  cell. 

4.  The  deep  pyramidal  layer  or  layer  of  large  or  medium-sized 
pyramidal  cells,  similar  in  form  to  those  in  layer  two,  and  the  axons 
of  which  pass  into  the  medulla  or  white  matter  of  the  cerebrum 
as  nerve  fibers. 
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S.  The  layer  of  fusiform  or  polymor- 
|tet  nerve  wlls.    A  layer  of  cells  whose 
itm  »  more  irregular  than  that  of  the 
{igrruudal  cells,  but   whose  axons  also 
pm  into  the  medullary-  portion  of  t  he 
mAnm,  while  their  dendrites  stretch 
atmiDy  into  the  layers  of   pyramidal 
dk.   In  this  layer  are  found  also  some 
"*  boloni^nK  ^  ^^^  second  type  of 
::  (Martinotti  cells). 
The  medulla  of  the  cerebrum.     The 
white  matter   of  the  cerebrum  bepns 
inndiately  below  the  last-named  layer, 
ad  tooasis  (1)  of  nerve  fibers  which 
orifinate  from  the  pyramidal  and  ix)ly- 
Borpliir  cells  immediately  exterior  to  it, 
«d  which  carr>-  outgoing  impulses  from 
tfciipart  of  the  cortex,  and  (2)  of  filn-rs 
rang ekewhere  in  the  cortex  or  in  the 
b*« portions  of  the  brain,  which  ternu- 
■toiD  the  cortex  and  carry  the  incoming 
BBpolBOB — impulses  which  are  afferent  as 
trpris  that  part  of  the  cortex.    The 
filifTx  in  this  white  matter  may  be  elassi- 
fcnj  under  three  heads:  First,  the  projec- 
Imtfifkm  {A,  B,  C,  D,  and  E  of  Fig.  82), 
cuBiirwiiug   those    fibers,    afferent    and 
eflenot,  which  connect  the  cortex  with 
mkrlying  parts  of  the  central  nervous 
^itHD, — the  spinal  cord,  medulla,  pons, 
■idbnin,  or  thalamus.     This  great  pro- 
JNtkm  system  emerges,   for  the   most 
part,  through  the  intenial  capsule  and 
the^pcduncies  of  the  cerebrtim.     Certain 
pwtB  of  the  cortex  are  seemingly  lacking 
i* » projection  system;  the  fibers  arising 
froB  theee  parts  do  not  enter  the  cap- 
ilk  to  make  connection  with  the  mot«r 
••d  Kfoaory  paths,  below,  hut  pa.ss  to 
"^bcr  parts  of  the  cortex,  forming  a  part 
of  the  system  of  association  fibers.     Sec- 
r«Bdt  the  axxodatum  system,  which  may 
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throuch  the  eort«z  of  th«  third   frootiil  eonvcducioo  fBroek's  convuJu- 

, aUBtifteatioii  of  tb»  oerve  cells:   1,  Th<>  plexiform  or  molecular  layer;    3, 

y  m^m  layar  of  pywmiital  eeiU:   3.  <be  iranular  layer;  4,  the  daep  or  ionor  pyramidal 
,  l^w:  Ai  Mm  luaif onn  or  polymorphi 


polymorphic  layer  (from  a  camera  lucida  drawing  by  Melius). 
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Flo.  82. — Hrtienia  of  the  proji'rfiiin  fitwrn  oj  llir  rerebnjm  mid  nf  the  perlunclr*  of  the 
cewhwlunij  Inlcrtil  view  (if  lht>  iiitiTiml  caiMule  :  A,  Tract  fruni  thi>  frontal  |o  ri  to  lltr  pons 
nuclei,  »tiJ  ■">  hj  tlie  rercbt-llutti  (fninlul  r«rebm-c<irliru-jjiintal  Imt-t);  B,  tlir  mutor 
(pyrainiiial}  irm-l  ;  (',  llie  Mriiwry  (lemni.»ru«)  tract  ;  />,  tlip  visual  traot  ;  £,  the  auditory 
trscl ;  /■',  tin*  fjlH?ni  of  tikp  riuperiiir  pi-duiicle  iif  tlir  ren'lwllutii  ;  (i,  fiben'  i>f  the  middle  pedun- 
cle UMitiuK  with  A  in  tlie  pons  ;  //,  lilK^r^  of  tlie  infi-rior  ppduiicle  of  the  cervbelluiii  ;  J .  fiher« 
bctwiHMi  the  auditory  nucleus  nnil  the  inferior  c^illiculu^  ;  K.  motor  ipyraiiiiilul  i  deouH«atiori 
in  the  bulb;  Vt,  fourth  vratrnde.  The  nuincraU  refer  to  the  cnuiuii  nerves.  —  iMcHlitied 
Iroiu  Slarr.) 


Fir.  83. — Lateral  vit-w  of  a  Tium&n  li«iiii.<pher«.  showinfc  the  bundles  of  Baaociiitioii 
fibers  i Starr)  :  A.  A.  Retweeii  adjacent  gjri :  W,  Iwtween  frnntAl  utid  u<>ripttal  arnwi ;  C, 
between  frontal  urnl  IcmfKirftl  arra^.  cinfculutn  ;  D.  between  frontal  and  temporal  areas, 
faiicicnlu!)  uncinntii'«  ;  £°,  lietween  orripltal  and  temporal  arcan,  fa-tfirulun  longiludinali* 
inferior;  C'.\,  i^udatc  ntic]ptj'<  ;  (J.T,  tbalaaiu!). 

be  defined  as  comprising  those  fibers  which  connect  one  part  of  the 
cortex  with  another  (Fig.  83).  TJiere  are  short  association  tracts 
iA,A)  connecting  neighboring  convolutions  and  long  tracts  passing 
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from  one  lobe  to  another.  Third,  the  comtmssnral  system,  consist- 
ing of  association  fibers  that  cross  the  mid-line  and  connect  portions 
of  one  cerebral  hetni.sphi»ri'  with  the  cortex  of  the  other.  These 
fibers  make  up  the  commissural  l>ands  known  in  {jross  anatomy  as 
the  corpus  callosum,  anterior  wijite  commi.ssure,  fornix,  etc. 

Physiological  Deductions  from  the  Histology  of  the  Cortex. 
— Cajal*  especially  lays  stress  \ipon  some  nnatomical  fcature-s  which 
aeem  to  justify  certain  generalizations  of  a  ph\-.'^iological  nature.  In 
the  first  place,  ever\'  part  of  the  cortex  receives  incominpr  impulses 
and  gives  rise  to  outgoing  impulses.  Every  part  of_t_he  cnrtc:?^  is, 
therefore,  both  a  terminatioriof  some  afferent  path  apti  *-h"  h^gin- 
ning  of  some  efferent  palHT^  is.  itt  other  worflt?.  a  reflf-x  ftrf:j>f 
*  p'  -Tjlegree  of_con]£lexit3'...    We  may  suppose  that 

ever.  -  i  :-.  iischarge  from  any  part  of  the  corte.x  is  occasioned 
by  afferent  impres.sions  reaching  that  point  from  some  other  part 
of  the  nervous  .system.  \\'Ticther  or  not  there  is  such  a  thing  as 
absohitely  spontaneous  mental  activity  cannot  he  determined  by 
phy«iolog>-,  but  on  the  anat«imic'al  side  at  least  all  the  structures 
exhibit  connections  that  fit  them  for  reflex  stimulation,  and  many 
of  our  apparently  spontaneous  acts  must  be  of  this  character. 
Seci:  "  ilI_.partg_QL-the  cortex  exhibit  an.-jeaaeiltialb'  similar 
«ri.  Modem  physiology  has  fecoKiiizeJ  clearly  that  difTei-ent 

parts  of  the  cerebrum  have  different  fiuictions,  but  the  diflerentia- 
tioti  m  structure  which  usually  accompanies  a  specialization  in 
function  is  not  at  first  sight  very  evident.  Definite  differences  in 
the  thickness  of  the  layers,  in  the  size  or  shayie  of  th<*  <m>11sj  or  in  the 
character  of  the  fibrillation,  liave  been  ]K)iiited  out  (see  p.  227),  but 
it  ia  perhaps  something  of  a  disappointment  to  find  su  little  of  an 
anatomical  flistinction  between  structures  whose  reaction  in  con- 
ciousness  is  so  widely  separated.  Numerous  special  studies  made 
upon  thr  lumination  of  different  part.s  c]f  the  human  eortex  (see  p. 
227;, and  comparative  observations  upon  tlic  cerebral  cortex  m  dif- 
ferent vertebrates,  have  st!rve<i  to  give  an  anatomical  foundation 
for  various  interesting  s[HH'ulations  which  subsequent  work  may  or 
may  not  confinn.f  It  is  stated,  for  example,  that  the  cortex  in 
the  mammalian  cerebrum,  Jis  compared  with  that  of  the  lower 
vertebrates,  is  characterized  by  the  development  of  the  supra- 
gnmuiar  layer  of  cells,  lay«'rs  1  and  2  in  the  classification  given 
above,  and  especially  layer  2,  the  outer  pyramiilal  layer.  The 
development  of  this  layer  reachi-s  a  maximum  in  the  human  cortex, 
juid  it  Is  suggtwted  that  the  tells  in  this  layer  are  especially  con- 
cerned in  the  mediation  of  the  higher  p.sychical  processes,  while  the 
infrogranular    layer    constitutes    the   mechanism    for   the   more 

•(r«jal,  "Lm  nouvcllce  i(16«  «ur  la  striicture  du  sj'st&roe  nervpux,  etc.," 
Tatv,  Ifm. 

t  For  •  summary  of  those  views  i-onsull  B<>ltan,  "Brain,"  lUlO,  or  "P'ur- 

Advaucai  in  Physioloitv'."  Hill.  Ixindoii  and  New  York,  1909. 
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deeply  impressed  and  primitive  instinctive  reactions.  In  the 
matter  of  lamination  and  distinct  variations  in  size  and  appearance 
of  the  strata  of  crlLs  and  fibers  the  human  cortex  shows  a  greater 
differentiation  than  in  the  lower  animals,  and  it  is  especially 
characterized  by  a  large  development  of  what  are  known  as  asso- 
ciational  areas  (p.  221),  particularly  in  the  frontal  lobe.  In 
the  third  place,  the  central  nervous  system  throughout  the  vertex 
brates  is  constructed  upon  the  same  lines,  a  mechanism  of  in- 
terconnecting neurons.     There  is  a  vast  differenee  in  the  men- 


^ 


^ 


Fig.  84.— ii-D,  Showing  (he  phylogenetio  deyelopinent  of  tnntutv  nerve  oeEa  in  a 
mine»  of  vencbratea:  a-e,  the  ontoeetietic  development  oC  arrowing  cells  in  a  typical  mam- 
mal (in  both  ea«M  only  pyramidal  relb  from  the  <>erehrum  ure  shown) ;  A,  Irog;  B,  lltard; 
C,  rat;  D,  man;  4,  neuroblast  without  dendrites;  b,  comngeacini^  dendrites;  c,  dendrit«8 
further  developod;  d,  firvt  appeanuice  of  ctillBteral  branebfla;  e,  further  development  of 
eoUatemls  and  dendrites. — (from  Raman  y  Cajai.) 

tal  activity  of  a  frog  and  a  man,  but  the  cortex  of  the  cerebrum 
shows  a  fundamental  similarity  in  structure  in  the  two  cases. 
In  addition  to  the  variations  in  stratification  or  lamination  referred 
to  above  one  genera!  distinction  that  comparative  anatomy  is  able 
to  make  is  that  in  the  higher  animals  the  greater  mental  develop- 
I  ment  is  associated  with  a  greater  complexity  and  richness  in  the  con- 
nections of  the  neurons.  As  shown  in  Figs.  84  and  85,  the  number  of 
processes,  particularly  the  dentlritic  processes,  is  much  greater  in 
the  cortical  cells  of  the  higher  animals;  or,  to  put  this  fact  in  another 
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I, the  number  of  cells  in  the  cortex  of  the  higher  animals  is  much 
•  an  area  of  the  same  size  than  in  lower  animals.  The  amount 
of  ia-bctween  substance  or  the  richness  of  the  network  of  processes 
ttiaereMed.  This  anatomical  fact  would  in<licate  that  the  greater 
onttl  activity  in  the  higher  animals  is  ileiK'ndent,  in  part,  upon  the 
ndier  interconnection  of  the  nerve  cells,  or,  expressetl  physiologic- 
iDy,  our  mental  processes  are  characterized  by  their  more  numer- 
ous snd  complex  associations.  A  visual  or  auditory  stimulus  that, 
ia  the  frog,  for  instance,  may  call  forth  a  comparatively  simple 
motor  response,  may  in  man,  on  account  of  the  numerous  assocta- 
tioos  with  the  memory  records  of  past  experiences,  lead  to  psychi- 
cal and  motor  responses  of  a  much  more 
-'  '^      ^^    intricate  and  indirect  character. 
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8&. — Sections  through  currenpondinK  part*  of  the  cort«xin:  a,  Man;  h,  Aotl 
__  Die.  to  (how  the  nrvaier  aepMalion  of  the  nerve  eelU  in  the  htKhr  •njmkls.— 
^ifUrATiMt.) 

Extirpation  of  the  Cerebrum. — One  of  the  methods  used  in 
iygjology  to  determine  the  general  functional  value  of  the  cerebral 
hemispheres  has  been  to  remove  them  comjiletely,  by  surgical 
opomtioQ,  and  to  study  the  effect  upon  the  psychical  responses  of 
the  animal.  Upon  the  cold-blooded  animals  and  the  birds  the 
may  be  performed  with  ease,  but  in  these  animals  thf 
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positive  results  are  not  striking  and  the  experiments  are  valuable 
chiefly  for  their  negativ^e  resvilta.  If  the  pcrrbral  hemispheres  are 
removed  from  the  frog,  for  example,  the  animal  after  re<'overing 
from  the  immediate  effects  of  the  operation — that  is,  the  effects 
of  the  anesthetic  and  the  shock — shows  surprisingly  little  difference 
from  the  normal  animal.  It  maintains  a  normal  posture  and  shoua 
no  loss  at  all  in  its  power  of  equilihration.  When  placed  on  its 
back  it  quickly  regains  its  usual  [xisition.  If  thrown  into  water 
it  swims  to  a  solid  support  and  crawls  out  like  a  normal  animal. 
It  jumps  when  stimulated  and  is  careful  to  avoid  obstacles  placed 
in  its  way,  showing  that  its  \Tsual  reflexes  are  not  impaired.  It 
is  said,  however,  that  the  more  complicated  reactions  that  depend 
upon  the  memory  of  pa.st  experiences  or  the  instincts  are  absent  or 
imperfect.  This  latter  peculiarity  is  manifestetl  most  impi*essively 
in  birds  (pigeons)  after  removal  of  a  part  or  all  of  the  cerebrum.  As 
a  result  of  such  an  operation,  the  nervous,  active  animal  is  changed 
at  once  to  a  stupid.  lethargic  creature  which  reacts  only  when 
stimulate*!.  It  sits  in  a  drowsy  attitude,  with  its  head  dra^^■n  in 
to  the  .sJioulfJers,  its  eyes  closed,  and  it«  feathers  slightly  erected; 
occasionally  it  will  open  its  ej'es,  stretch  the  neck,  gape,  preen 
its  feathers  perhaps,  and  then  sink  back  into  its  somnolent  attitude. 
The  animal  in  this  condition  maintains  its  equilibrium  perfectly, 
flies  well  if  thrown  into  the  air  and  perches  comfortably  ufX)n  a 
narrow  supjwrt.  It  may  be  kept  alive  apparently  indefinitely  by 
appropriate  feeding  and  so  long  as  it  is  well  fed  retains  its  stupid 
and  impa.ssive  appearance.  If  allowed  to  stan'e  for  a  \vhile  it 
becomes  restless  from  the  effects  of  hunger,  may  walk  to  and  fro, 
and  peek  aimles.sly  at  the  ground.  If  surrotmded  by  grain  it  may 
peck  at  the  separate  grains,  but  never  actually  seizes  one  in  its 
beak  and  swallows  it.  The  striking  defect  in  these  animals  is  the 
loss  of  tho.se  resfMtnse.s  that  dejicnd  upon  memor\'  of  past  or  in- 
herited exj>eriences.  Its  motor  reactions  are  all  of  a  simple  kind. 
If  placed  Tipon  a  hot  plate  it  will,  for  a  time,  lift  first  one  foot,  then 
the  other,  and  finally  squat,  but  never  flies  awa\'.  When  dosing 
a  loud  noise  awakens  it,  but  it  exhibits  no  signs  of  fear,  and 
(|uickly  relapses  into  somnolence  when  the  auditory  stimulus  ceases. 
The  one  posit i\-e  conclusion  that  we  may  draw  from  the  behavior 
of  these  animals  is  that  in  them  the  cerebnim  is  the  place  in  which 
the  memory  records  are  stored,  and  that  when  it  is  removeii  the 
actions  of  the  animal  when  stimulated  become  much  more  direct 
and  prethctable,  since  the  stimulus  awakens  no  associations  with 
past  experiences.  The  complete  removal  of  the  eerebn)m  in  mam- 
mals is  attended  with  more  difficulty.  When  taken  out  at  once 
by  a  single  ojieration  the  animal  survives  but  a  short  time  and 
the  permanent  effects  of  the  opteration  cannot  be  detected.  Goltz,* 
•GolU,  "  Archiv  f.  die  ge.sammte  Physiologie,"  51.  570,  1892. 
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iwever,  has  succeedefl,  in  clogs,  in  ronioving  by  a  peculiar  opcra- 
tion  all  of  the  cerpbral  cortex.     The  uperatiuii  \va^  pfrf»>rraed  in 
'eral  successive  stages  with  an  interval  of  sovpral  months  liptwecn. 
the  most  successful  cxr^TiniPnt  the  animal  was  kept  alive  for 
yeur  and  a  half  anti  the  postmortem  examination  showed  that 
all  tif  the  cortex  had  been  removed  exce]>t  a  small  jjortion  of  the 
of  the  temporal  lobe^  and  this  latter,  since  its  connection  with 
e  other  parts  of  the  brain  had  been  destroyed,  was,  of  course, 
nctionless.     In  addition,  a  large  part  of  the  eorptvra  striata  and 
he  thalami  and  a  small  portion  of  the  miiti>rain  had  lioen  re- 
moved.    The  l>eha\nor  of  this  animal  was  studied  earefulh'.     After 
the  immediate  effects  of  the  operation — paralysLs,  etc. — liad  disap- 
peared the  animal  moved  easily ;  in  fact,  showed  a  tendency  to  keep 
moving  continually.    There  was  no  jxjrmanent  jjaralysis  of  the  so- 
caDeil  voluntary  movements.     He  an.swered  to  scnsor\'  stimuli  of 
various  kinds,  but  not  in  an  inlelligent  way.     If,  for  iiLstance,  a 
painful  stimulus  was  applied  to  the  skin,  he  would  growl  or  bark, 
and  turn  his  heiid  toward  the  place  stimulated;  but  did  not  attempt 
to   bite.     No  caressing  could  arouse  signs  of  pleasure,   antI  no 
hrcatening  signs  of  fear  or  anger.     Like  the  pigeon,  the  most  con- 
)icuous  defect  in  the  animal  was  a  lack  of  intelligent  res[K>n.se,— 
that  is,  the  responses  to  sensory-  stimuli  were  simple,  and  evidently 
did  not  involve  complex  as.sociations  with  pa.st  experiences.     His 
memor}'  recorrls,  for  the  most  part,  had  been  destroyed.     Goltz 
records  that  when  starved  he  showe«l  signs  uf  hunger,  and  that 
eventually  he  learned  to  feed  himself  when  his  nose  was  brought 
to  contact  with  the  food,  although  he  was  not  able  to  recognize 
ood  placed  near  hirn.     He  would  rejeft  food  with  a  di.sagrecable 
When  sleeping  he  gave  no  signs  of  dreaming,  differing  in 
respect  from  normal  tlogs. 

Localization  of  Functions  in  tlie  Cerebrum. — WTien  the 
lief  was  establLshetl  tliat  the  cerehntm  is  the  organ  of  the  higher 
.ps>'chical  activities  there  arose  naturally  the  tjuestion  whether  dif- 
ferent parts  of  the  cortex  have  different  functions  corre.sponding 
to  the  various  faculties  of  the  mind,  or  whether  the  ccrebnim  is 
functionally  equivalent  throughout,  in  the  same  sense,  for  instance, 
as  the  liver.  This  question  of  the  localization  of  functioas  in  the 
bmin  (cerebrum)  has  been  mucli  debated,  but  the  most  interesting 
and  important  discu.ssions  upon  the  subject  belong  to  the  nine- 
teenth centiir}-.  About  the  begiiming  of  the  centur\'  Franz  Jo-«cph 
Gall,  at  that  time  a  physician  in  Vienna,  began  to  teach  publicly  his 
%«U-known  ?}t'stera  of  cranit>scopy  or,  as  it  wa.s  later  designated  by 
liis  chief  disciple  (Spurzheim),  system  of  phrenolog>'.*  (lall,  from  his 
early  youth,  was  possessed  with  the  idea  that  the  different  faculties 

•(jail  (and  Spursheira),  "  Reclierches  siir  la  systeme  nerveux  en  general 
*t  mar  celiii  du  cer%'eau  en  particulier,"  1810-19. 
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of  the  mind  are  mediated  through  different  parts  of  the  brain,  thai 
in  it  we  have  to  deal  not  with  a  single,  but  with  a  plurality  of 
organs.  This  belief  was  in  opposition  to  the  ctirrent  ideas  of  bii 
times  and  Gall  devoted  his  entire  life  to  an  earnest  effort  to  estab- 
lish and  popularize'  his  views.  He  and  his  disciples  contributed 
many  very  important  facts  to  our  knowledge  of  the  finer  anatomy 
of  the  brain;  but,  so  far  as  the  view  of  separate  organs  in  the 
cerebrum  h  concerned,  the  methods  that  he  employed,  although 
perhaps  the  only  ones  that  he  could  make  use  of  at  tliat  time, 
have  since  been  denionstrated  to  be  fallacious  ivhcn  used  as  h» 
used  them.  He  conceived  that  the  more  developed  any  given, 
mental  quality  is  the  latter  will  be  the  oi^an  nepresenting  it  ia. 
the  cen^brum,  and  since  the  cranium  fits  closely  to  the  cerebrum. 
the  relative  prominence  of  the  jwirts  of  the  cerebnim  may  be  judged 
by  a  study  of  the  exterior  of  the  skull.  This  method  of  study  con- 
stituted the  essential  feature  of  cranio.scopy  or  phrenology,  and 
by  observation  ujion  people  with  particularly  marked  mental 
qualities  Gall  and  his  disciples  supposed  tliat  they  had  located  the 
organs  for  thirty-five  different  faculties.  While  the  general  idea 
of  this  method  may  be  defemletl,  it  is  obvious  that  the  application 
of  it  scientificalh',  so  that  positive  and  demonstrable  results  can 
be  obtained,  is  practically  impossible.  l*he  system  of  phrenology 
and  its  metiiods  quickly  fell  into  disrepute,  since  they  were  ex- 
ploited chielly  by  frauds  and  charlatans.  Gall's  ideas  in  the 
beginning  excited  the  greatest  interest,  but  it  seems  that  he  was 
never  able  to  convince  the  majority  of  the  scientific  men  of  his  day 
of  the  conclusiveness  of  his  results.  At  the  time  that  he  was 
teaching  his  doctrines  in  Paris,  where  he  spent  the  latter  years  of 
his  life,  Flourens  began  his  celebrated  experimental  work  upon  the 
functions  of  the  brain,— work  which  was  mainly  instrumental  in 
convincing  physiologists  that  the  cerebnnn  is  a  single  organ, 
functionally  etjuivalent  in  all  of  its  parts.*  Flourens'  chief  ex- 
periments were  made  upon  pigeons,  and  in  these  animals  he  found 
that  successive  ablations  of  parts  of  the  cerebrum  from  before 
backward  or  from  side  to  side  were  not  followed  by  a  corresponding 
aeries  of  defects  in  the  animals'  psychical  life.  On  the  contrary, 
when  the  quantity  of  brain  substance  i-cnioved  was  sufficiently 
large,  all  these  qualities  went  at  once.  The  choice  of  animals 
for  these  experiments  was  an  unfortunate  one,  but  the  results 
were  corrolwrated  in  part  by  a  number  of  instances  in  which  human 
beings  by  aci-ident  or  wounds  in  battle  had  loet  a  part  of  the  brain 
without  any  apparent  defect  in  their  mental  powers.  Therefore 
toward  the  middle  of  the  nineteenth  century  the  prevalent  view 
in  physiolog)'  was  that  the  cerebnim  is  functionally  equivalent  in 

•  Flooreng,  "  Rccherches  experiment alea  but  lea  propri^t&j  et  lea  fonctions 
du  syatime  nerveux  dana  Ics  ammaux  vertfibr^a,"  1824, 


Digitized  by 


ioogle 


GENERAL    PHYSIOLOGY    OF    THE    CEREBRUM. 


193 


of  it.s  parts.  One  fact  was  known  in  me(^licine  at  that  time 
ich  distinctly  contrai lifted  this  lu'lief, — namely,  that  an  injury 
to  the  region  of  the  third  frontal  convolution  in  man,  un  the 
left  aide,  causes  a  los.s  of  articulate  speech  (motor  aphasia).  But 
this  fact,  so  significant  to  us  now,  wais  not  properly  valued  at 
the  time.  The  beginning  of  our  modern  views  of  cerebral  localiza- 
tion is  found  in  the  work  of  Fritsrh  and  Hitzig*   (lS70j,  in   wliich 

rthey  expoeeil  and  stimulated  eieetriially  the  cortex  cerebri  in 
dogs.  They  observed  that  stimulation  of  ceitain  definite  awiia, 
particularh'  in  the  sigmoid  pjtus,  gave  distinct  and  constant 
movements  in  the  hmlw.  face,  etc.  (see  Fig.  86).  This  work 
was  followed  quickly  Ifv  experiments  of  .1  similar  kind  made 
by  numerous  oljservers,  in  wliieh  the  cerel>rum  was  stimulated  in 
various  animals  and  finally  in 
man.    In  addition,  the  meth(xl 

Lof  ablation  of  these  areas  w:is 

l^mployefl  with  .'»iib.se<^juent 
stuily  of  the  animal  in  regard 
to  the  motor  or  sen.soty  ile- 
fe<rts  resulting  therefrom,  and 
the  residts  obtained  were 
further  extended  by  careful 
autopaies  upon  human  i)eings 

[in  whom  paralyses  of  various 
kintls  and  sensory  defects  were 

'aaioriated    with   more  or   less 

[definite  le3ions  of  the  cerebrum. 

[The  first  outcome  of  this  work 

to  lead  to  an  extreme  view 

'localization   of   function  in 

[the  brain,  in  which  the  differ- 
»nt   motor  and  sensory   areus 

fwcre  definitely  circum.scril)ed 
and  separated    one   from    the 

'other,  making  the  cerel>nmi  a 
plurality  of  organs,  to  use 
(jail's  term.     The  more  re<ent 

I  work    ha.s    tended   to  modify 

(these  extreme    views  of  local- 

'ization  and  to  emphasize  the 
fact  that  histologically  and 
ph>'siologically  the  entire  cere- 
brum ia  connected  so  inti- 
niAtcly,  part  to  part,  that,  although  the  different  regions  mediate 
•  Fritach  and  Hitzig,  ".\rchiv  f.  Analomic  und  Physiologic  und  wissen- 

arhaftlirhe  Meditin,"  1870,  300. 
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KIg  86. — To  show  the  motor  areas  tn  the 
Aof'a  brain  as  oriionaUy  detennlne<l  by 
Fntw^h  and  Hitxiii:  i.aiKinoid  KVruH;  a,  centor 
for  the  neck  m\ucles;  ^.center  for  the  ex- 
tenJK;r<  and  adductors  of  the  lorelimb:  +■ 
coDter  for  ihe  HcxoTs  and  n>tnlii»fi  of  for»- 
liiiib;  4>.  center  for  the  himi  Uiub;  O — O, 
center  (ur  the  muscles  innervated  by  the 
facta! . 
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different  functions,  nevertheless  an  injury  or  defect  in  one  part 
may  influence  to  souie  extent  the  functional  value  of  all  other 
regions  in  the  organ.  The  general  itlea  of  a  localization  of  func- 
tion has  been  acceptetl,  but  the  modern  view  is  that  the  cerebrum 
is  composed  of  a  plurality  of  organs,  not  completely  separated 
one  from  the  other,  as  taught  by  (Jail,  but  intimately  associated 
and  to  a  certain  extent  dependent  one  on  another  for  their  full 
functional  imiHjrtancc. 

The  Motor  Area.— The  first  experiments  of  Fritsch  and  Hitzig 
di9cl(j!*ed  the  location  of  a  cortical  region  in  the  dog  which  upoa 
stimulation  gave  definite  movements.  The  later  experiments  of 
Ferrier,  Schafer,  Horsley,  and  Beevor,  particularly  upon  the  apes^ 
gave  reason  for  believing  that  this  motor  area  surrounds  the 
central  sulcus  uf  Rolando  and  extends  inwani  upon  the  mesial 
surface  of  the  cerebrum.     Its  exact  boundaries  marked  out  by 
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Fie.  ^- — Locmlion  of  motor  areas  in  brain  of  cfaimpamee. — {.Stuerrimiton  and  Oma 
baum.)  Tiie  extent  a{  the  motor  are&s  is  indicatsd  by  stippling;  it  lies  entirely  in  front 
of  the  6<<auTe  of  Hulandii  (auleua  oentralifi).  Much  of  the  motor  area  is  bidden  in  the  auld. 
The  rcsicms  marked  eytst  indicate  (he  areas  whom  Rtliiiulation  given  conjugate  movementa 
of  the  eyeballs.     It  U  doubtful,  howei.'er.  wbether  th«se  represent  motor  areas  proper. 


careful  stimulation  of  the  region  in  monkeys  was  more  or  less 
verified  upon  man,  since  in  operations  upon  the  brain  it  was 
often  necessary  to  stimulate  the  cortex  in  order  to  localize  a 
given  motor  area.  By  these  means  charts  have  been  made 
showing  the  cortical  area  for  the  nni.sculature  of  each  part  of 
the  body.  It  was  found  tlint  in  general  the  distribution  of 
the  areas  lies  along  the  central  sulcus  of  Rolando  and  follows 
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the  order  of  the  cranial  and  spinal  nerves.  Within  each  area 
smaller  centers  may  be  located  by  careful  Htiniulation;  thus, 
Lthe  hand  and  arm  area  may  be  subdivided  into  centers  for  the 
Ivrist,  fingers,  thumb,  etc.  More  recently,  Sherrington  and 
[Green bauni,*   making    use   of   electrical    stimulation,    unipi»tar 

netho<l,  have  explored  carefully  the  motor  areas  in  the  monkey. 

'hey  state  that  these  areas  do  not  extend  back  (jf  the  central 

ileus,  but  lie  chiefly  along  tlie  anterior  central  convolution, 
represented  in  Figs.  87    and  88  extending  f<ir  only  a  small 

listance  on  to  the  mesial  surface  of  the  cerebrum.  The  area 
thus    delimited    by    physiological    experiments    is    the    region 

rom  which  ari.ses  the  pyramidal  system  uf  fibers,  and  clin- 
ical experience  has  shown  that  lesions  in  this  part  of  the  cortex 
are  accompanied  by  a  paralysis  of  the  muscles  on  the  other 
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,fi«.  88. — ^To  ihow  exteniuon  of  motor  aresd  on  to  lb«  meeial  surface,  brain  o(  cliim- 

— (SSerringtcm  aiuHirernlxiutn}.      Mrsial  nurTace  of  left  liemisphprp:  Stippled   rrffion 

L  bG  civc«  the  motor  arrn  for  lower  limb;   /,  «,  and  h  indirate  reKioni*    Iroin    wfiicli 

■^«ut«  were  obt»ined  occiuiuiiully  with  strung  stimuli;  /,  foot  and  |pg;  <,   Hhouider  and 

A.  tbumb  and  6nger».    'lheslukdcdar«ninarkedE  Y  £8  indicateaa  tCEion  atimuLatiun 

riueli  K>v^**  conjugata  movemeDt-i  of  the  eyes. 

ide,  particularly  in  the  limbs.  Pathological  or  experimental 
here,  moreover,  are  followed  b\-  a  degeneration  of  the 
lidal  neurons, — a  degeneration  which  extends  to  the  tcr- 
lation  of  the  neurons  in  the  cord.  With  these  data  we  can  con- 
tnict  a  fairly  complete  account  of  the  mechanism  of  voluntary 
lovemenls.  The  initial  outgoing  or  efferent  impulses  ari.se  in  the 
irge  pvTamidal  cells  of  the  motor  areas  and  proceed  along  the 
Lxons  of  their  neurons  to  the  motor  nuclei  of  the  cranial  or  spinal 
jerves.    The  neurons  of  the  pyramidal  tract  constitute  the  motor 

•  "RiTXirt*  of  the  ThompBon-Yatcs  and  Johnson  Laboratories,"  4,  351, 
ID02;  5,  55,  1903. 
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tract  for  voluntary  movements;  a  lesion  anywhere  along  this  tract 
causes  paralysis,  more  or  less  complete  and  on  the  other  side  of 
the  body  in  general,  if  the  lesion  is  anterior  to  the  decussation. 
The  path  of  the  motor  fibers  is  represented  in  the  schema  given 
in  Fig.  89.  Arising  in  the  cortex,  they  take  the  following  route 
(see  also  Fig.  82,  B) : 

1.  Corona  radiata. 

2    Internal  capsule. 

3.  Peduncle  of  cerebrum. 

4.  Pons  Varolii,  in  which  they  are  broken  into  a  number  of 

smaller  bundles  by  the  fibers  of  the  middle  peduncle  of 
the  cerebellum  (biachium  pontis).  In  this  region,  also, 
some  of  the  fibers  cross  the  mid-line,  to  end  in  the 
motor  nuclei  of  the  cranial  nerves:  Third,  fourth,  fifth, 
sixth,  and  seventh. 

5.  Anterior  pyramids. 

6.  Pyramidal  decussation. 

7.  Anterior  and  lateral  pyramidal  fasciculi  in  the  cord. 
After  ending  in  the  motor  nuclei  of  the  cranial  or  spinal  nerves  the 

path  Is  continued  by  a  second  neuron  from  these  nuclei  to  the  mus- 
cles. The  entire  path  involves,  therefore,  two  neurons,  and  injury 
to  either  will  cause  paralysis  of  the  corresponding  muscles. 

Difference  in  the  Paralysis  from  Injury  to  the  Spinal  and  the 
Pyramidal  Neuron. — ^With  regard  to  the  musculature  of  the  limbs 
especially  a  difference  has  been  observed  in  the  paralysis  caused  by 
injury   to   tiie  spinal   und   pyramidal   (cerebrospinal)   neurons, 
respectively.     I^esions   of   the   anterior   root   cells   in   the  cord 
or  of  the  axons  arising  from  them  cause  complete  paralysis  of 
the  corresponding   muscles,  since  these   nmscles  are  then   re- 
moved not  only  from  voluntary  control,  but  also  from  reflex 
effects.     The  nms(;les  are  entirely  relaxed  and  in  time  exhibit 
a  more  or  less  complete  atrophy.     When  the  pyramidal  neurons 
are  affected,  as  in  the  familiar  condition  of  hemiplegia  resulting 
from  a  unilateral  losion  of  the  motor  cortex,  there  is  paral>'sis  as 
reganls  voluntary  (control,  but.  the  spinal  neuron  being  intact,  the 
muscles  arc  still  subject  to  reflex  stimulation  through  the  cord, 
especially  to  the  .so-called  tonic  impulses.     Under  these  conditimis, 
especially  if  the  lesion  Ls  in  the  conl,  it  is  frequently  noticed  that  the 
paralyzed  muscles  are  thrown  into  a  state  of  continuous  contraction, 
contracture,  in  which  they  exhibit  a  spastic  rigidity.    This  fact, 
therefore,  may  l)e  used  in  diagnosing  the  general  location  of  the 
lesion.    A  satisfactory  explanation  of  the  cause  of  the  contraction 
has  not  been   fumislie<l.     It   may  1m*  due  to  uncontrolled  reflex 
ex(ritation  of  the  spinal  neurons,  or.  as  suggested  by  Van  Gehuchtoi. 
to  the  action  of  the  indirect  motor  path  by  way  of  the  rubroq>inal 
tract  (fa.sriculus  inter mediolateralis). 
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Is  the  Pyramidal  System  the  Only  Means  of  Voluntary  (Cor- 
Ikalj  Control  of  the  Muscles? — Much  tliscussioti  has  arisen 
njirding  ihis  question.  It  is,  in  fact,  one  of  those  questions  of 
acrvoiu  mechanism  in  which  experinients  upon  lower  animals 
0nBt  be  applied  with  caution  to  the  conditions  in  man.  As 
tt  btre  seen,  the  entire  cerebral  cortex  may  be  removed  from 
the  frog,  the  pigeon,  and  the  dog  without  causing  permanent 
ptraiysis.  although  in  the  animal 
l«t  name<l  there  is  at  first  a  more 
or  les  marked  loss  of  voluntary 
eontrol.   But  in  man  and  the  higher 

^tTpwuf  the  monkey  the  pyramidal 
fTBtein  is  more  completely  devel- 
opd,  and  corresponfling  with  this 
fict  it  is  found  that  the   paralysis 
Am  iMion  of  the  motor  cortex  is 
mmpermanent.    In  fact,  ohserva- 
tioM  upon    men  in  whom    it    has 
bteo  necessary  to  remove  parts  of 
tiie  motor  area  by  surgical  opera- 
tioo  indicate    that   the   vfiluntary 
footwl  nf  the  muscle  Ls  lost  itr  im- 
p»ire(l|)ennanently.   It  would  seem, 
tteefore,  that  even  in  an  animal  as 
^  in  the  scale  as  the  dog  volun- 
(vyciintrol  of  the  muscles  can  be 
niintained    through    filjcrs   other 
thin  those  Ijelonging  to  the  pyra- 
ft   nii<iaJ  system.     A  system  such  as 
I  tint  found  in  the  rubrospinal  tract 
I  (R  181)  may  be  considered  as  ade- 
■Mlteto  fulfil  such  a  function.    In 
^PHi,  however,  along  with  the  more 
(ataplete  developn»ent  of  the  pyr- 
•midal  system,  the  efficacy  of  the 
B'lylogenetically  older  motor  sys- 
Bteros  is  correspondingly  reduced. 
W    The    Crossed    Control    of    the 
Muscles    and    Bilateral    Represen- 
tation in  the  Cortex. — It  has  been 

known  from  very  ancient  times  that  an  injury  to  the  brain  on 
one  Mtle  is  accompanied  by  a  paralysis  of  voluntary  movement 
00  the  other  side  of  the  body,  a  condition  known  as  hemi[)legia. 
The  facts  given  alx)ve  regarding  the  origin  and  course  of  the 
pyramidal  system  of  fibers  explain  the  crossed  character  of 
of  the   paralysis    quite  satisfactorily.      The  sclierna  «hus  pre- 


FSg.  80.— Schema  ivpresciitinK 
Ute  oounw  of  the  Rbcn  of  the  pyrm- 
tnidal  !iy»l«>iu:  I ,  Fiber*  to  the  nurlei  of 
tbe  cranial  nen-p  ;  2,  unrrcM>,wd  fibeis 
to  the  laleniJ  pyr&niidal  fasctrulus ' 
3,  fibers  to  tbe  anterior  pyramidu 
fa»C(culu»  croasinK  tn  the  cord  ;  4  ami 
5,  (ibeni  that  croH  id  the  pyrainiiJal 
«lecu*!iation  to  make  the  lateral 
pyniniidal  tract  of  the  opposite  wide. 
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sented  to  us  is,  however,  not  entirely  without  exception.  In 
cases  of  hemiplegia  in  which  the  whole  motor  area  of  one 
side  is  included  it  is  known  that  the  paralysis  on  the  <ither  side 
does  not  involve  all  the  muscles,  and,  in  the  second  place, 
it  is  said  that  there  is  some  muscular  weakness  on  the  same 
side.  The  paralysis  in  hemiplegia  affects  but  little,  if  at  all, 
those  muscles  of  the  trunk  which  are  accustomed  to  act  in 
unison, — the  muscles  of  inspiration,  for  instance,  the  diaphragm, 
abdominal  and  intercostal  muscles,  and  the  muscles  of  the  larjiuc. 
It  would  appear  that  these  muscles  are  bilaterally  rei>re!«ented  in 
the  cortex;  so  that  if  one  side  of  the  brain  is  intact  the  muscles  of 
both  sides  are  still  untler  voluntary  control.  The  mechanism  of 
this  bilateral  representation  is  not  detinitely  known;  one  may 
conceive  several  possibilities.  The  motor  area  on  each  side  may 
fiend  down  a  double  set  of  pyramidal  fibers,  one  of  which  crosses 
and  the  other  remains  on  the  same  side,  or  the  fibers  may 
bifurcate.  Or  it  is  possible  that  the  bilateral  control  is  due 
to  commissural  connections  between  the  lower  centei-s  in  the 
cord.  Some  evidence  in  favor  of  the  former  view  is  found  in  the 
undoubted  histological  fact  brought  out  by  Melius  and  others,  that 
small  unilateral  lesions  in  the  motor  ni-ea — the  center  of  the  great 
toe  in  the  monkey,  for  instance — are  followed  by  degeneration  in 
the  lateral  pyramidal  fasciculus  in  the  cord  on  both  sides,  show- 
ing that  some  portiuris  of  the  motor  area  send  fibers  to  both  sides 
of  the  body.  In  cases  of  hendplegia  it  may  be  added  that  the 
muscles  of  the  limbs  are  not  :dl  equally  affected. 

Are  the  Motor  Areas  Only  Motor  in  Function? — The  great 
number  of  nerve  cells  in  the  cortex  in  ailditiiin  to  the  large 
pyratnidal  cells  that  give  origin  to  the  fibers  of  the  pyramidal 
system  make  it  possitjle  histiiiogically  that  other  functions  may 
be  mediated  in  the  same  region.  This  possibility  lias  been  kept 
in  view  since  the  early  ex|)eriments  (if  Munk,  in  which  he  showed 
that  lesions  in  the  Holandic  region  are  followed  by  disturbances 
in  what  are  tlesignated  as  the  body  sensations,  that  is,  in 
muscular  and  cutaneous  sen.?ibility,  but  especially  the  former. 
It  was  suggested,  therefore,  at  one  time  that  one  and  the  same 
spot  in  the  cortex  might  serve  as  the  origin  of  the  motor  impulses 
to  a  given  muscle  and  as  the  cortical  termination  of  the  sensory 
impulses  coming  from  the  same  muscle,  the  reaction  in  con- 
sciousness, the  muscular  sensations,  being  mediated  perhaps 
through  cells  other  than  those  giving  rise  to  the  pyramidal  fibers. 
Recent  physiological  and  clinical  work  has.  however,  not  tended 
to  support  this  view.  The  motor  areas  appear  to  be  confined 
to  the  region  in  front  of  the  central  sulcus  of  Rolando,  while  the 
cortical  area,  which  gives  rise  to  that  kind  of  consciousness  that 


Digitized  by 


GENERAL  PHYSIOLOGY  OF  THE  CEKEURUM. 


we  designate  in  general  as  body  sensibility,  extends  back   of 

this    sulcus    in    the    posterior    central    convolution.     Whether, 

on  the  other  hand,  the  sense  areas  for  tlie  body  (cutaneous  and 

muscular)  extend  forward  into  the  cortex  of  the  frontal  lobe  is 

ol  clearly  shown  by  experiuiental  or  clinical  evidence.     Flechsig, 

rom  Ids  studies  upon  the  time  of  inyeliriizjition  of  tlie  afferent 

hers  in  the  embryo  brain,  concludes  that  this  is  tlie  case,  and 

t,  therefore,  the  motor  and  sensory  areas  uverlai)  for  a  part 

t  least  uf  their  extent  (see  p.  224  and  Fig.  98).     On  the  con- 

ury,  in  an  interesting  report  by  Cushing*  of  two  cases  in  which 

he   anl-erior   central   convolution   was  stimulated   in   conscious 

atienls.  it  is  stated  that  there  was  no  sensation  other  than  that 

arising  from  the  change  in  position  of  the  muscles  which  were 

jlhrown  into  contraction.     In  the  motor  area  there  are  numerous 

nnections   by   afferent   fibers,    associati<in   tracts,   with    other 

arts  of  the  brain.     By   this   means  the   motor  area,   without 

oubt.  is  brought  into  relation  with   many  other  parts  of  the 

rtex,   and   the  sensations  or   perceptions   aroused   elsewhei*e 

*y   react  upon   the   motor  paths.     A   voluntary   movement, 

wever  simple  it  may  be,  is  a  psychological  act  of  some  com- 

ty.  that  is  to  say,  every  movement  is  preceded  or  acconi- 

led   by   certain   sensations   and   perceptions   which   depentl 

pon   sensory   stimulations   occurring   at   that   time,    or   upon 

experiences  derivetl  from   conditions  of   excitation   that    have 

ccurre«.l   at  .some  previoxis  period — every   action  is   part   of  a 

ain  of  conscious  or  subconscious  processes  whose  neural  niech- 

ism  extends  over   wide   regions   of  the   cortex.     The  mental 

ifoccsscs,  the  associations,  that  lead  to  and  originate  the  motor 

iacharge,  the  mental  image  of  the  movement  to  be  effected, 

;Cannot  be  tlefinitely  located  in  the  cortex,  and  it  is  possiljJe  that 

e  so-called  motor  area  itself  partici|)ates  in  these  psychical  ante- 

C»xlents.     But  what  may  be  said  with  confidence  is  that  the  im- 

m'-^liate  origin  of  the  motor  impulse  lies  in  the  area  along  the 

terior  margin  of  the  central  sulcus  of  Rolando,  which  contains 

le  foci,  so  to  speak,  into  which  all  accessory  processes  are  gathered, 

far  aa  they  affect  our  muscular  acts,  and  from  which  emerge  the 

actual  efferent  stimuli  to  the  different  muscles. 

•  CuahinK,    "American    Journal   of    Physiology,"    1909   ("Proc.   Amer. 
Phymol.  Soc."). 
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CHAPTER  X. 

THE  SENSE  AREAS  AND  THE  ASSCXZATIQN  AREAS  OF 
THE  CORTEX. 

The  delimitation  of  ihe  sensoiy  areas  in  the  cortex  is  a  matter 
of  veiy  considerable  difficulty,  owing  partly  to  the  fact  that  the 
determination  of  the  presence  or  absence  ci  certain  states  oi  cod- 
sciousnees  in  the  animal  or  person  under  observation  cannot  be 
made  except  by  indirect  means,  and  partly  no  doubt  to  the  fact 
that  the  organization  of  the  sensory  mechanism  in  the  brain  is 
more  complex  and  diffusa  than  in  the  case  of  the  motor  appaimtuB. 
Moreover,  the  distinction  between  what  we  may  call  simple  sensa- 
tions and  the  more  complex   psychical  representaticHis  and  judg- 
ments of  which  these  sensations  form  a  necessary  constitumt  can- 
not be  made  clearly,  even  by  the  individual  in  whom  the  reaotiona 
occur.    We  recognize  in  ourselves  different  stages  in  the  degree  of 
consciousness    aroused    by    sensory    reacticMis.    Our   visual   and 
auditory  sensations  are  clearly  d^erentiated;  but  many  of  the 
lower  senses  escape  recognition  in  the  individual  himself,  ainoe  the 
state  of  consciousness  accompanying   them  is  of  a  lower  order. 
Our  muscular  sensations,  for  instance,   are  so  indefinite  as  to  be 
practically  subconscious.    They  are  most  important  to  us  in  eveiy 
act  of  our  lives,  yet  the  uninformed  person  is  unconscious  of  the 
existence  of  such  a  sensation,  and  if  deprived  of  it  would  recogniae 
the  defect  only  in  the  consequent  loss  of  control  of  the  vohmtaiy 
muscular  movements.     In  the  attempts  to  determine  in  what  pert 
of  the  bruin  the  various  sensations  are   mediated  eveiy  ponible 
method  of  inquiry  has  been  used  :  the   anatomical  courae  of  the 
.son$or>'  paths,  physiological  experiments  of  stimulaticm  and  ablatioo, 
and  observations  upon  individuals  with  pathological  or  traumatiD 
lesions  in  the  brain.     In  the  Ions;  run,  the  study  of  neuropatiiolog- 
ical  easels  in  man  must  give  us  the  last  word,  because  in  such  caaee 
fho  estimate  of  the  sensory  defect  can  be  made  with  most  accuracy 
an<l  iKicausc  in  man  the  specialization  of  the  psychical  functions 
has  reached  its  hij;hest  development.     The  results  that  have  been 
obtained  are  perhaps  the  most  definite  in  the  case  ci  the  higher 
sens:>s.  vision  au'l  hcarins;,  since  defects  in  these  senses  are  reoo|^ 
nized  mn<\  clearly,  and  the  anatomical  mechanisms  involved  have 
f)rf)ve,i  to  hr?  more  accessible  to  investigation. 
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e    Body -sense    Area. — In    his    early    experiments    Munk 
d  that  lesions  of  the  cortex  involving  the  area  around  the 
tral  sulcus  are  accompanied  by  a  state  of  anesthesia  on  the 
other  side  of  the  body,  hemianesthesia,  particularly  as  regards 
the  tactile  and  muscular  sensations.     It  is  not  neccnsary,  perhaps, 
to  go   into   the  details  of  the  long  controversy   that  arose   in 
connection  with  this  point.     Both  the  clinical  and  the  experi- 
mental evidence  has  been  contradictory  in  the  hands  of  diflfercnt 
observers,  but  the  tendency  of  recent  studies  has  been  to  show, 
tm  stated  above,  tliat,  whereius  the  motor  area-s  lie  anterior  to 
the  central  sulcus,  the  sensory  areas  concerned  with  the  cutaneous 
and  muscular  sensations  extend  posterior  to  this  sulcus.*     Posi- 
;vc  cases  are  recorded  in  which  lesions  involving  the  anterior 
ntral    convolutions    were    acconipa!iie<l    by    paralysis   on    tlie 
ther  side,   hemiplegia,  withtmt  any  dft.ectablc  disturbance  of 
nsiliility,  and,  on  the  other  hand,  lesions  have  lieen  describee! 
in  the  posterior  central  and  neighlK»ring  parietal  convolutit>ns 
in   which   there  was   a   hemianesthesia   more  or  less  distinctly 
marked    without    any  paralysis.     As    stated    above,   Gushing, t 
his  report  uptm  the  stimulation  of  the  cortex  in  two  conscious 
atients,  states   that   no   sensations  were   aroused   by  stimuli 
tpplied  to  the  anterior'central  convolution,  while  stmiulation 
»f   the    posterior    convolution    arousetl    distinct   sensations    of 
umbness  and  of  touch.     Such  cases  tend  to  .supjiort  the  view 
hat  the  motor  and  body  sense  areas,  although  contiguous,  da 
not   overlap.     Re^nTdmg  the  sensory  defects   associated   with 
MODS  of  tUe  parietal  lobe  posterior  to  the  central  sulcus  (poe- 
jrior  central  convolution,  suprainarginal,  superior,  and  piissibly 
inferior    parietal    convolutions),    it   .seems    probable   that    they 
involve  chiefly  the  muscular  sense,  pressure  and  temjierature 
aenae,    and   the   judgments   or   ]>erceptions   Ijased   upon    these 
sensations,  while  tire  sen.se  of  pain  is  affectet!  but  little,  if  at  all. 
Monakow   gives   the   order   in   which   .sensory   defects   manifest 
themselves  after  such  lesions,  a.s  follows :  The  localizing  and  muscle 
^KOenses  are  chiefly  affected,  in  fact,  almost  lost  on  the  opposite  side; 
^Mhe  temperature  and  pressure  sense  may  be  affected,  while  the 
^■M^  sense  is  retained  or  but  slightly  alTectcd.     The  clinicians  have 
^HnMrved  that  the  most  positive  and  invariablt-  symptom  of  lesions 
in  this  region  is  a  condition  of  astereognosis,  that  is,  a  diminution 
in  what  may  be  called  th(^  stereognostic  perceptiofis.     By  stereog- 
noetic  prrcnption  is  meant  the  power  to  judge  concerning  the  form 
and  consistency  of  external  objects  when  handled,  ami  it  must  be 
?gardmi  as  a  perception  based  upon  localized  sensations  of  touch, 

•Conmilt  Monakow,   "Ergobnuse  der  Physiol.,"  1902.  vol.   i,  fyart  i, 

t  Curbing,  loc.  cit. 
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Flf.  90. — Schema  repwentinit  the  oriifin  and  course  of  tlic  fibers  of  lh«  tnediaa  fillet, — (]>• 
intercentrsl  patlia  of  the  fibers  of  body  sense. 

terminate  the  projection  fibers  contained  in  the  lemniscus,  and  in 
which,  therefore,  the  primary  sensations  of  pres.sure  and  tempera- 
ture are  mediated,  so  that  lesions  here  may  be  atiHOciated  with  a  loss 
or  impairment  of  these  sensations  in  the  skin  of  the  opposite  side 
of  the  body,  a  condition  spoken  of  in  general  as  hemianesthesia. 
Secondly,  in  this  region  there  are  mediated  aiso  probably  some  of 
the  syntheses  and  associations  of  these  sensations,  which  we 
designate  as  i^erceptions  or  judgments,  and  it  is  possible  that  in- 
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Juries  or  defects  here  may  be  followed  hy  an  impairment  of  these 

higher  perceptive  reactions,  without  any  definite  loss  of  sen-sibihty 

in  t  he  skin.   Such  a  defect  falls  under  the  general  head  of  agnosia,  and 

is  illustrated  by  the  condition  of  astereognosis  referred  to  al>ove, 

which  might  be  defined  as  chiefliy  a  tactile  agnosia.    The  definite 

part  of  the  cortex,  if  any,  conccrneti  in  the  primary  eon.«icious 

^^nediation  of  the  sense  of  pain  has  not  been  definitely  localized. 

^■^    The  Histological  Evidence. — Course  of  the  "  Lemniscus." — 

^HDn  the  histological  side  there  is  very  strong  corrolwraUve  evi-1 

^Hlence  for  the  view  that  cortical   centers  for  the  sensory  fibers 

^■if  the  skin  and  muscles  lie  in  the  parietal  lobe  in  the  region  in- 

idicated  above.     Tliis  evidence  is  connected  with  the  path  taken 


^nw  ■cetion  through  midbmin  {Kolliker)  to  show  the  ponitiun  af  the  lemnuicui 
iL,  £>):    Mr,  The  red  nucleus;  Sn,  the  substaDtis  niKra:  hp.  the  peduncle. 

the  sensory  fibers  in  the  cord,  e<5ix'cially  tltosc  of  the  pos- 
rJor  funiculi,  after  ending  in  the  nucleus  of  the  funiculus  grsv- 
tilis  and  the  nucleus  of  tiie  funiculus  cuneatus  of  the  medulla. 
rhL*«  path  is  represented  in  a  schematic  way  tn  the  accompanying 
iapam  (Fig.  90).     The  second  sensory  neurons  arise  in  the 
'iiuclei  mentioned.     For  the  most  part,  at  least,  these  new  neu- 
rons run  venlraily,  as  internal  arcuate  fibers,  cross  the  mid-line, 
and  then  pa.ss  forward  or  anlertorh'.     The  crossing  tjccurs  mainly 
^juat  in  front  of — that  is,  cephalad  to^ — the  pyramidal  decussa- 
^Bon,  forming  thus  a  sensory  decussation   (decussation  of  the 
^BMfiiscus),  which  explains  the  crossed  sensory  control,  as  the 
^^Ukniitial   decussation  explains  the  crossed   motor  control  of 
the  cerebrum  in  relation  to  tiie  body.     After  this  decussation 
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the  sensory  fibers  form  a  longitudinal  bundle  on  each  side  known 
as  the  median  fillet  itr  lemniscus,  which  in  the  pons  lies  just 
tleirsiil  to  tlie  pyniinidiU  system  of  fibers. 

The  lemniscus  fibers  nuiy  l»e  trared  forward  {see  Fig.  91)  as 
far  as  the  superior  colliculus  of  the  porpora  quadrigenuna  and 
the  thalamus,  the  important  termination  being  in  the  thalamus 
(ventral  or  lateral  nucleus).     Those   neurons  that  end  in  the 
thalamus  are  continued  forward  by  a  third  set  of  neurons,  which 
end  in  the  jjarietal  lobe  of  the  cerebrum  (sec  Fig.  82,  C).     On  its 
way  through  the  medulla  and  pons  the  lemniscus  is  believed  to 
receive  accessions  of  sensory  fibers  from  the  sensory  nuclei  of 
the  cranial  nerves  of  the  opposite  sitie.     The  course  of  the  lem- 
niscus has  l>eeii  traceii  by  various  means,  but  especially  by  the 
method  of  niyeliuization  during  embryonic  life  and  by  degenera- 
tion consequent  upon  long-standing  disuse.    As  was  stated  in 
the  section   u|>on    Nerve   Degeneration,   injury   to  an   axon  is 
followed   quickly   by   degeneration   of  tiie   peripheral   end.   and 
much  more  .slowly  by  a  degeneration  of  the  central  end  and  the 
nerve  cell  it.self,  when  the  path  is  not  again  established.     Certain 
long-atanrling  cystic  lesions  (porencephaly)  in  the  parietal  cor- 
tex have  resulted  in  an  atropliic  dcgeneratirtn  of  the  lemniscus 
fibers,  thus  adding  materially  to  the  evidence  that  this  sen.sorj'' 
tract  ends  eventually  in  the  region  indicated.*    Further  evidence 
of  the  same  character  is   found   in   the  observations  made  by 
Canipbellf  upon  ca.ses  of  tabes  dorsalis.     The  lesion  in  such  cases 
is  in  the  posterior  funiculi  of  the  sjiinal  cord,  but  eventually 
the  whole  upward  path  is  affected  and  degenerative  changes  are 
found  in  the  cells  of  the  posterior  central  convolution. 

From  the  connections  of  the  lemniscus  with  the  tracts  of  the 

posterior  funiculi  of  the   cord  it  is  evident  that   it  forms  one 

pathway  at  least  for  the  fibers  of  muscle  sense.     Whether  or  not 

the  fibers  of  pressure,  pain,  and  temperature  take  the  same  route 

is  not  known,  but  it  seems  probable,  at  least,  from  the  known 

connectii>n3  of   the    lemniscus   with  the   sensory   nuclei   of  the 

cranial  nerves  and  with  the  sensory  tracts  of  the  lateral  :is  well 

as    the    posterior    funiculi    of   the    cord.     The   lemniscus    ends 

chiefly    in    the  thalamus,  before  passing  on  to  the  cortex,  and 

here,  as  in  other  similar  cases,  we  have  the  possibility  that  the 

lower  centers,  in  addition  to  the  reflex  connections  which  they 

make,    may    mediate    alsf»    some    form    of    conscious    reaction 

While  the  general  tendency  has  been  to  confine  the  conscious 

quality  of  the  central  reactions  to  the  cortex,  there  is  no  proof 

that   the   lower  centers   jvre   entirely   lacking   in   this  pro|>erty. 

♦  H&wl.    'Arnliiv  f.    Psj^cliiatrif."  2-t.   452,    1892. 

t  Cainphf'll.    ■  IIiHtological  iSt  udie»  on  Localisation  of  Cerebral  Functions,  *' 
Cambridge,  1905. 
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CJoltz's  dog  without  cerebral  (.•ort'cx,  for  ini?tence,  the  aaimal 
?p«n(le<l    to    vai'ious    sensory    stimuli,    and    when    hiingiy    gave 
Bvidence.   so  far  as  his   actions   were   foncpmcd,   of  experienninp 
sensations  of  hunger;  hut  whether  or  not  these  actions  were 
liated  with  conscious  sensations  is  hidden  from  \is,  and  we  can 
>pe  to  arrive  at  posidve  conclusions  upon  thit<  point  only  by  ohscr- 
[vationa  upon  man  hunself. 

The  Center  for  Vision. — The  location  in  the  cortex  of  the 
'^general  area  for  vision  has  been  established  by  anatomical,  physio- 
logical, and  clinical  evidence.    The  physiologists  have  cxfKTinionted 
chiefly  by  the  method  of  ablation.     Mvmk,  terrier,  and  Later  ob- 
«ervers  have  found  that  removal  of  both  occipital  lobes  Is  followed 
|b}'  defects  in  vision.    According  to  Munk,  removal  of  both  occip- 
jaiaifollowed  by  complete  loss  of  visual  sensations,  or,  as  he 
fit, by  cortical  blimlness.    Gultz,  however,  contends  that 
the  dog  at  least  reiiMival  of  the  entire  cerebral  cnrtex  leaves 
khe  animal  with  some  degree  of  vision,  since  he  will  close  his  eyes 
a  strong  light  is  thrown  upon  them.    All  the  experiments  upon 
the  higher  mammals  (monkeys)  and  clinical  experience  upon  man 
»Dd,  however,  to  support  the  view  of  Munk.     Cniiiplete  removal 
)f  the  occipital  lobes   is  followed  by  apparently  total  blindness. 
[If  any   degree  of  vision  remains  it   is  not  sutficient  for  rccogni- 
|tioQ  of  familiar  objects  or  for  directing  the  movements.     In  an 
fAnitnal    in    this   condition    the   pupil   is   const rirte<l   when    lisjht    Is 
thrown  upon  the  eye;  but  this  reaction  we  nitiy  regard  as  a  retlex 
trough  the  midlirain,  and  there  Is  no  reason  to  Injiieve  that  it  is 
companied  Ity  a  visual  sensation.     When  the  injuiy  to  the  occip- 
il  cortex  is  \milateral  the  blindness  affects  symmetrical  halves  of 
fthe  two  eye-s.  a  condition  known  as  hemiopia.     Destruction  of  the 
ight  occipitid  lobe  causes  blindness  in  the  two  right  halves  of  the 
i,  or,  in  accordance  with  the  law  of  projection  of  retinal  stimuli, 
the  two  left  halves  of  the  normal  visual  field  when  the  eyes 
fixed  upon  any  object.     Destniction  of  the  left  occipital  lolie 
followed  by  blindness  in  the  two  left  haKes  of  the  retinjis  or  the 
shl  halves  of  the  visual  field.     This  result   of  physiological  ex- 
sriments   is   borne   out   by   clinical   experience.     Any  unilateral 
■injur)'  to  the  occipital  lobes  Ls  followed  by  a  condition  of  hemiopia 
more  or  less  complete  according  to  the  extent  of  the  Icsjon.     Obser- 
vation, however,  has  shown  that  this  general  synnnetricnl  relation 
has  one  interesting  and  peculiar  exception.     T!ie  most  important 
part  of  the  retina  in  vision  is  the  region  of  the  fovea   centralis, 
whose  projection  into  the  visual  field  constitutes  the  field  of  direct 
or  central  vision.     It  is  said  that  the  hemiopia  caused  by  unilateral 
kaions  of  the  cortex  does  not  involve  this  part  of  the  retina. 

TAc    Histological   Evidence  .—The   histological   results   supple- 
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ment  in  a  very  satisfactory  way  the  findings  from  physiology  and 
pathology.  The  retina  itself,  considered  from  an  embn-ological 
fitandpoint,  is  an  outgrowth  from  the  brain  vesicles,  and  is  there- 
fore an  outlying  portion  of  the  central  nervous  system.  The  optic 
fibers,  in  terms  of  the  neuron  doctrine,  must  be  considered  as 
axons  of  the  nerve  cells  in  the  retina.  If,  therefore,  an  eye  is  enu- 
cleated or  an  optic  nerve  is  cut  the  fibers  connected  with  the 
brain  undergo  secondar>'  degeneration  and  their  course  can  be 
traced  microscopically  to  the  brain.  By  this  means  it  ha.s  been 
shown  that  in  man  and  the  mammalia  there  is  a  partial  decus- 
sation of  the  optic  fibers  in  the  chiasma.  The  fibers  from  the 
inner  side  of  each  retina  cross  at  this  ]xvint  to  the  opposite  optic 
tract;   those  from  the  outer  side  of  the  retina  do  not  decussate, 
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Superior  eoUicului. 
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Fig.  92. — DiasTun  to  miitratc  thp  gpnsml  tmurae  «f  thr  fiber*  of  tli»  optic  nenre*  and  the 
bilateral  coDoection  between  cortex  and  retina. 

but  pass  into  the  optic  tract  of  the  same  side.  The  fibers  of  the 
optic  tract  end  mainly  in  the  gray  matter  of  the  lateral  genicu- 
late body,  but  some  pass  also  to  the  thalamus  (pulvinar)  and 
some  to  the  superior  colliculus  of  the  corpora  quadrigemina. 
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These  locations,  therefore,  particularly  the  lateral  genicuJates, 
must  be  considered  as  the  primary  optic  centers.  From  these 
points  the  path  is  continued  towarcl  the  cort^'x  by  new  neurons 
whose  axons  constitute  a  special  bundle,  the  occipitothaiamic 
radiation,  lying  in  the  occipital  part  of  the  internal  capsule 
(see  Fig.  82,  D).  A  schema  representing  this  course  of  the 
optic  fibers  is  given  in  the  accomjianying  (Hjtgruni  (Fig.  92). 
According  to  this  schema,  the  general  relations  of  each  occipital 
lobe  to  the  retinas  of  the  two  eyes  is  such  that  the  right  occip- 
ital corte.x  represents  the  cortical  center  for  the  two  right  halves 
of  the  retinas,  while  the  left  occipital  lobe  is  the  center  for  the 
two  left  halves  of  each  retina, — a  relation  that  agrees  completely 
with  the  results  of  experimental  physiology  and  clinical  studies. 
In  addition  to  the  fibers  described,  which  may  be  regarded  as 
the  visual  fibers  proper,  there  are  other  fibers  in  the  optic  tracts 
and  optic  nerves  whose  physiological  value  is  not  entirely  clear. 
The  fillers  of  this  kind  that  have  been  described  are:  (1)  Inferior 
or  Gudden's  commissure.  Fibers  that  pass  from  one  optic  tract 
to  the  other  along  the  posterior  border  of  the  chiasma.  These 
fibers  form  a  comnii.ssural  band  ciinnecting  the  two  internal 
(or  metlian)  geniculate  bodies,  and  possibly  also  the  inferior 
coUicuIi.  It  seems  probable  that  they  belong  to  the  central 
Auditory  path  rather  than  to  the  visual  system.     (2)   Fibers 

ing  from  tlie  chiasma  into  the  floor  of  the  third  ventricle. 

further  course  of  these  fibers  is  not  clearly  known,  hut  it  is 
poss^ible  that  they  make  connections  with  the  nuclei  of  the  third 
ner\'e.  They  will  be  referred  to  in  the  section  on  Vision  in  con- 
;liectiou  with  the  light  reflex  of  the  iris.     (3)  \  superior  com- 

ure.     Several  observers  have  claimed  that  there  is  a  com- 

ural  band  along  the  anterior  margin  of  the  chiasma  which 
connects  one  optic  nerve  or  retina  with  the  other. 

There  are  many  points  in  connection  with  the  course  of  the 
optic  fibers  and  the  physiology  of  the  diflfcrent  parts  of  the  occi{>- 
ital  cortex  which  are  unknown  and  ret[uire  further  investigation. 
Some  of  these  points  may  be  referreil  to  briefly. 

The  Amount  of  Decussation  in  the  Chiasma. — According 
the  schema  given  alx>ve,  half  of  the  filjers  in  each  optic  nerve 
Ic  in  the  chiasma.  There  b,  however,  no  po.sitive  proof 
that  the  division  of  the  filxjrs  is  so  symmetrically  made.  In  the 
lower  vertebrates, — fishes,  amphibia,  reptiles,  and  most  birds — 
the  crossing  is  said  to  be  complete,  while  in  the  mammalia  a  certain 
proportion  of  the  fibers  remain  in  the  optic  tract  of  the  same  side. 
In  a  general  way,  it  would  appear  that  the  higher  the  animal  is 
in  the  scale  of  development  the  larger  is  the  number  of  fibers  that 
do  not  cross  in  the  chiasma.  At  least  it  is  true  that  a  larger  num- 
ber remain  uncrossed  in  man  than  in  any  of  the  mammalia,  and  it  is 
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also  poAsible  or  pnil)al)le  that  the  extent  of  deciissatioii  in  man 
shows  individual  diffRronccs.  There  seems  to  be  no  acreptable 
suggestion  regarding  the  jihysiologiciil  value  of  this  partial  decus- 
sation other  than  that  of  a  prolmbic  relation  to  binoc\dar  vision.  It 
has  been  used  to  explain  the  phvsiolngical  fact  that  simtiltaneoua 
stimidation  of  symmetrical  points  in  the  two  retinas  gives  us  a 
single  visual  sensafion. 

The  Projection  or  Localization  of  the  Retina  on  the 
Occipital  Cortex. — It  would  seem  most  pmhable  that  ttie  paths 
from  each  spot  in  the  retina  terminate  in  a  definite  region  of 
the  occipital  cortex,  and  attempts  have  been  made  by  various 
methods  tn  determine  this  relation.     AncorditiE;  to  Heiiscfien,*  the 


'rfv.. 


^• 


-A   ^ 


-VA 


,^5-P- 


•T>" 


\  .'*•? 


v< 


>•-.. 


^vv. 


r-.;-".i^- 


\.:y 


?*7^^ 


;5^ 


,-^M 


cX-^A'^-'': 


.ir-.i^-«-lf^-a'« 


^■■t^ 


:^:/^/ 


■/ 1 


44^i 


>^ 


./x 


.Vi 


Fij!-  93.^Pcrimprnr  fiplrln  in  qiiiulrnnt  heraianopin.  The  niKlim-  of  Ihp  ruiu&]  htHA* 
ia  given  hy  the  HurteH  linf■^.  lilimincss  in  th*'  |pfl  upprr  i)iiadrHiDtJp;  oijrtical  leiiii>D  in  (uid 
b«low  the  calcarini;  fissure  tluken  Irom  U«cvor  anil  ColiicT). 

visual  paths  in  man  end  aroimd  the  calearine  fissure  on  the  mesial 

surface  of  the  brain,  and  this  pttrtion  of  the  occipital  lobe  should 

be  regarded  as  the  true  cortical  center  for  vision,  the  remainder 

of  the  occipital  cortex  being  perhaps  the  seat  of  visual  memories 

or  associations.   There  seems  to  be  much  evidence,  Indeed,  that  the 

immediate:  ending  of  the  optic  paths  lies  in  this  region.     Thus, 

Donaldsonf   fount!,    upmn    examination    of    the    brain   of    I^aura 

Bridgman,    the    blind    deaf-mute,    that    the    euneus    especially 

showed  marked  atrophy,  and  Fleeh.sig,J  hy  means  of  the  myeliniza- 

tion  method,  arrived  at  the  conclusion  that  the  optic  fibers  end 

chiefly  along  the  margin  of  the  calearine  fis.sure.     Clinical  ca.ses 

are  fretjuently  quoted  in  which  lesions  of  the  region  of  the  calearine 

fissure  were  followed  by  a  more  or  less  complete  hemianopia.    When, 

as  seems  to  be  the  most  common  occurrence,  such  lesions  occur 

above  the  fissure,  in  the  cuneus,  or  below  the  fissure,  in  the  gyru.«i 

linguahs,   the   re.sulting   hemiopia   is    confined  to  corresponding 

•  Hensrhen,  "  Brain,"  1893,  170. 

t  r>ima]<lHon,  "  .\merican  Journal  of  Psychology,"  1892,  4, 

X  FlecluJg,  "  Localisation  licr  gci^tigen  Vorgiinge,"  Leipsig,  ISOS. 
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of  the  retina,  aad  is  rJesiRnaterl  frequently  as  quadrant 
>ia  (see  Fig.  93).    It  has  been  assumed  that  the  fibers  from 
fovea  end  perhaps  in  the  fissure  itself — according  to  some 
authors  (Henschen),  along  the  anterior  third  of  the  fissure,  according 
,to  others  (Schmid  and  Ijaqueur*)  along  the  posterior  portion  of  the 
ure.      Moreover,  since  unilateral  lesions  in  this  regjtin,  however 
;tensjve,  do  not  cause  complete  blindness  in  the  fovea,  it  has 
supposed  that  this  important  part  of  the  retina  is  bilaterally 
represented  in  the  cortex,   so   that   complete   foveal  blindness — 
that  is,  blindness  of  the  centers  of  the  visual  fields — can  only 
Occur  when  both  occipital  lol)es  are  injured  in  the  region  of  the 
carine  fissure.     While  the  general  opinion  seems  to  be  that  this 
last'-named  region  is  the  main  cortical  ending  of  the  retinal  fibers, 
especially  of  those  arising  from  the  foveal  area,  other  observers 
contend  that  the  entire  occipital  cortex,  lateral  a.«  well  as  mesial 
,  must  be  regarded  as  the  cortical  termination  of  the 
paths,  and  that  even  the  foveal  portion  of  the  retina  is  con- 
iCti  with  a  wide  area  in  thi.s  lobe.     Those  who  hold  this  view 
lexplain  the  known  fact  that  lesiims  in  the  region  of  the  calcarine 
isure  give  the  most  permanent  condition  of  hemiopiu.  un  the 
Jew  that  these  lesions  involve  the  underlying  fibers  of  the 
ccipitothalamic    radiation.     Monakow,t   for  instance,     points 
ut  that  while  extensive  lesions  of  the  occipital  cortex  on  both 
dea  leave,  with  a  few  exceptions,  some  degree  of  central  \nsion, 
o  cases  are  reported  of  cortical  lesions  involving  only  or  mainly 
e  vision  in  the  macular  region.     He,  therefore,  argues  that 
hile  the  paths  from   the  retina  to  the  lower  visual  centers 
atoral   geniculate)    may   be  iisolated,   the   further  connectittns 
||»ith  the  cortex  must  be  widespread.     The  cortical  center  for 
inet  vision  according  to  this  view  in  not  limited  to  a  narrow 
but  must  involve  a  large  region  in  the  occipital  cortex. 
\  is  difficult  to  reconcile  this  view  with  the  ideas  of  isolated 
etrnduction  and  specific  function  of  each  part  of  tlie  cortex.     Some 
Jditional  facts  of  interest  have  been  obtained  from  experiments 
vohnng  the  stimulation  of  the  occipital  cortex.     Stimulation 
this  kind  causes  movements  of  the  eyes,  and  the  movements 
with  the  place  stimulated.  J     Stimulation  of  the  upper  border 
lobe  causes  movements  of  the  eyes  dow7iward,  stinmlation 
the  lower  Iwrder  movements  upward,  and  of  intermediate  regions 
ements  to  the  side.     Assuming  that  the  direction  of  the  move- 
it  is  t<jwardthat  part  of  the  visual  field  from  which  a  normal 
YiBUal  stimulus  would  come,  it  is  evident  that  movements  of  the 

•.^hraid  and  Laqucur,  "Vin-how's  Archir,"  158,  190(). 
t  .Mnrinkuw.  Itic.  cit.,  also  "Ergebnissf  d.  Phyniologie,"  1907. 
(Schalrr.  -Bniin,"  11,  I,  1889,  and  13,  lti.5,  1890. 
1« 
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eyes  downward  would  imply  stimulation  of  the  upper  half  of  the 
retina,  since  objects  in  the  lower  part,  of  the  visual  field  form  their 
image  on  the  upper  half  of  the  retina.  This  fact,  that  t>timuiJatioa 
of  the  occipital  cortex  cause.s  definite  movement*  of  the  eyeballs, 
sms  to  imply  that  there  are  efferent  fibers  in  the  occipitothaJ- 
lic  radiation  running  from  the  occipital  cortex  to  the  midbrain, 
where  they  make  connections  with  the  niutur  nuclei  t>f  the  third, 
fourt,h,  and  .sixth  cranial  nerves. 

The  Function  of  the  Lower  Visual  Centers. — The  first  ending 
of  the  optic  fibers  lies  in  the  lateral  geniculate  antl  to  a  lesser 
extent  in  the  thalamus  and  superior  collinulus.     It  is    conceiv- 
able, of  course,  that  some  degree  of  visual  sensation  may  be  j 
mediated  thruugh  these  centers.     Goltz  observed  that  in  dog» 
with  the  cerebrum  removed  the  animals  showed  a  constriction 
of  the  pupils  when  a  l^right  light  was  thrown  upon  the  eyes  o»~ 
even  closed  the  eyes.     It  is  the  general  belief  that  reactiims  o'f 
this  kind   are   niechauical   reflexes  acci>ni]>anied   by   no   higher" 
psychical    reactitm    than    in    the   caise   of   spinal    reflexes.     The« 
existence  in  the  miiibrain  of  the  motor  nuclei  of  the  third  nerve, 
and  of  the  medial  longitudinal  fasciculus  through  which  con- 
nections are  established  with  the  motor  nuclei  of  other  cranial 
nerves,  furnishes  us  with  a  possible  reflex  arc  through  which  the 
visual  impulses  brought  into  the  lower  optic  centers,  especially   : 
the  superior  colliculus,  may  cause  co-ordinated  movements  of 
the  eyes  or  of  the  head.     Usually  it  is  assumed  that  conscious 
visual  sensations,  and  especially  visual  associations  and  nvem- 
ories,  are  aroused  only  after  the  impulses  reach  the  occipital 
cortex.     In  the  fishes  the  midlirain  forms  the  final  ending  of  the 
optic  fibers,  and  in  these  animals,  therefore,  whatever  psychical 
activity   accompanies  the   visual   processes   must  be   itiefJiated 
through  this  portion  of  the  brain.     In  the  higher  animals,  how- 
ever, the  development  of  a  cerebral  cortex  is  followed  by  the 
evolution  of  the  occipitothalamic  radiation,  and  as  the  connec- 
tions of  the  occipital  cortex  increase  in  importance,  those  of  the 
midbrain  (with  the  optic  fillers)  dwin<lle  correspondingly.     Here, 
as  in  other  cases,  the  psychical  activity  is  concentrated  in  the  por- 
tions  of  the  brain  lying  most  anteriorly,  and  doubtless  the  degree 
of  consciousness  is  greatly  intensified  in  the  higher  animals  in  cor- 
respondence with  the  development  of  the  ceretiral  cortex,  who.s© 
striking  characteristic  is  its  capacity  to  evoke  a  psychical  reaction. 

The  Auditory  Center. — The  location  of  the  auditory  area  has 
been  investigated  along  lines  similar  to  those  usetl  for  the  visual 
center.  The  exjK'rimontal  physiological  work  has  yielded  varj-ing 
results  in  the  hands  of  different  observers.  Alunk  and  Ferrier 
placed  the  cortical  center  for  hearing  in  the  temporal  lobe,  and 
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m  spiti?  of  negative  results  by  Schafer  and  others  this  localization 
Imii  been  shown  to  be  substautiaily  correct.  Entire  ablation  of 
both  temporal  lobes  is  followed  by  complete  deafness.  Ablation 
on  one  side,  however,  is  followetl  only  by  impairment  of  hearing, 
and  in  the  light  of  the  results  from  histology  and  from  the  clinical 
ade  it  seems  probable  that  the  connections  of  the  auditory  cortex 
with  the  ear  follow  the  general  schema  of  the  optical  system  rather 
than  that  of  the  bo<ly  senses.    That  is,  it  is  probable  that  the 

Poaterior  nucleui. 


Deiters'a  nucleua. 

UorMi]  uucleuo. 
\'rntT*l  nucl«lM. 


F««    M- — The  medullary  nucl«  of  the  eiglith  nen'«. — (From  Poirttr  and  Charpu-i 


Itory  fil>ers  from  each  ear^end  partly  on  the  same  side  and 

ly  or  raaiidy  on  the  opposite  side  of  the  rerebrutn.    The  exact 

irtion  of  the  temporal  hibe  that  serves  as  the  immediate  organ 

Audit<)r>'  sensations  cannot  be  determined  with  certainty,  but 

seems  probable  that  it  lies  mainly  in  the  su|)erior  teniporal 

t  he_tj-ansyei'Sfi_gj:xi  extending  from   this  into  the 

e  of  the  eerebrum  (fissure  of  Sylvius). 

Tfif  HiMoloqical  Eridences. — On  the  histnlogiral  side  the  paths 

the  auditory  fibers  have  been  followed  with  a  large  measure  of 

iccem,  although  in  many  details  the  upiniims  of  the  flifferent 

invntti^tun*    vary    considerably.     The    eighth    cranial    nerve 
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springs  from  the  bulb  by  two  roots;  the  external  and  1 
internal.  Tlie  former  lias  been  shown  to  supply,  mainly 
least,  the  coplileur  port  ion  of  tlie  internal  ear,  and  is,  the 
fore,  the  audiUiry  nerve  pro[>er.  This  division  is  spoken 
as  the  cochlear  branch.  The  internal  root  supplies  mail 
the  vestibular  branch  of  the  internal  ear,  and  is,  therefo 
Bpoken  of  :v.s  tiio  vestibular  brancli  (see  FIje:.  94).  It  seems  c 
tain  tliat  the  latter  is  not  an  amlitory  nerve,  but  is  concern 
with  pecuhar  sensations  from  the  semicircular  canals  and  vestib 
that  have  an  important  influence  on  muscular  activity,  especis 
in  complex  movements.  The  central  course  of  thcwe  two  rooU 
quite  as  distinct  as  their  peripheral  distnbution, — a  fact  that  be 
out  the  supposition  that  they  mediate  different  functions.  1 
vestibular  branch  ends  in  the  nucleus  of  Deiters,  the  nucleus 
Bechtei-ew,  and  the  nucleu.s  fastifjii  of  the  cerebellum.  Throu 
tliese  nuclei  reflex  ronnection.s  are  made  with  the  motor  c:ent 
of  the  rord  ami  midbrain,  and  probably  also  wilh  the  rerelielhi 
The  path  is  not  known  to  Ix-  continued  lorward  to  the  rerebru 
The  central  coui-se  of  the  cochlear  branch  is  indicated  schematics 

in  Figs.  94  and  95.     T 
,^  fibers   ctHistituting   tl 

branch  arise  from  ner 
cells  in  the  modiolus 
the  cochlea, — the  spi 
ganglion.  These  eel 
like  those  in  the  pog* 
rior  root  ganglia,  are  ' 
polar.  One  axon  pas: 
peripherally  to  e 
around  the  sense  C€ 
t)f  the  cochlea,  at  whi 
point  the  sound  wa\ 
arouse  the  nerve  i 
pulses.  Tht"  other  ax 
parses  toward  the  po! 
forming  one  uf  the  fibi 
of  the  cochlear  bran< 
On  entering  the  pc 
the.^c  cochlear  brand 
end  in  two  nuclei,  c 
lying  ventral  to  the  r* 
tiform  body  and  kno^ 
as  the  ventral  or  acci 
aory  nucleus  (V.n.,  F 
95),  and  one  dorsally,  known  as  the  dorsal  nucleus  or  the  tub' 
culum  acusticum  {D.n.).    From  these  nuclei  the  path  is  continu 


Jf. 


Fig.  96. — DiEfrmin  to  ohow  cpntral  coun«e  of 
ftudiloT)'  Kbere  (modified  fritni  Van  Ot ItuchUn  t : 
D.n.,  Uontal  nucieUR  givinK  rirw  to  tlir  fitMrrv  that 
form  the  medullary  stria'  (a.n.h  r.n.,  the  ventral 
QUoIeuA,  givLiiK  origin  to  the  Aben<  or  (he  coqjuK 
timpeioideutn  ic.tr.):  «.«.,  supenor  ulivnry  nucleus: 
Lf;  lateral  lemniiaru!*;  nji..  nucletiM  n(  the  lateral 
WmniMiua;  f.o.i..,  the  iDrerinr  cotliruUi«. 
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by  secondary  sensory  neurons,  and  it«  further  course  toward  the 

brain  is  still  a  matter  of  much  uncertainty  in  regard   to  many 

of  the  details.*    The  general  course  of   the  fibers,  however,  is 

known.     Those  axons  that  arise  from  the  accessory  nucleus  pass 

mainly  to  the  opposite  side  by  slightly  different  routes  (Fig.  95). 

ome  strike  directly  across  toward  the  ventral  side  of  the  pons, 

irniing  a  conspicuous  band  of  transverse  fibers  that  has  long 

been   known  as  the  corpus  trapezoideuin;   others  puss  dorsally 

Laround  the  restiforin  bo(]y  and  then  course  downward  through 

jllie  tegmental  region  t<>  enter  the  corpus  trapezoideum.     The 

[fibers  of  this  cross  l)and  end,  according  to  some  observers,  in 

rertain  nuclei  of  gray  matter  on  the  ^ippusite  side  of  the  pons, 

{especially    in  the   sujierior    olivary   Ijody  and  the   trapezi»i<lal 

lucleus,  and  thence  the  path   forward   is  continued  by  a  third 

leuron.     Certainly  from  the  level  of  the  suiterior  ofjvary  body 

the  auditory  fibers  enter  a  distinct  tract  long  known  to  the  anat- 

>niisi  and  designated  as  the  lateral  fillet  or  lateral  lemniscus. 

luthors  differ  as  to  whether  the  auditory  fibers  of  tliis  trart  arise 

rim  ner\'e  cells  in  tlie  sujierior  olivary  and  neighboring  nuelei, 

»r  are  the  fibers  from  the  accessory  nucleus  which  pass  by  the 

i{>erior  olivary  body  without  ending  and  then  bend  to  run  for- 

rard  in  a  longitudinal  direction.     This  hist  view  is  rejjresented 

11   the  schema   (Fig.   Sl.^),     The  secomlary  seiisury   fibers  tfiat 

irise    in    the    tuberculutn    acusticuni    pass    dorsally    and    then 

ransversely,  forming  a  band  of  filiei's  that  comes  so  near  to  the 

irface  of  the  floor  of  the  fourth  ventricle  as  to  form  a  structure 

risible  to  the  eye  and  known  as  the  medullary  «>r  au<litory  strite. 

"he  fibers  of  this  system  dip  inward   at  tlie  raplie,  cross  the 

lid-line,  and  a  part  of  them  at  least  eventually  reach  the  lateral 

miniscus  of  the  other  side  either  with  or  without  ending  first 

■ound  the  cells  of  the  superior  olivary  nucleus.     According  to 

le  deseription  of  some  authors,  the  fillers  from  the  accessr>ry 

tuH^us  and  tuberculum  aciisticum  do  nitt  all  cross  the  mid-line 

reach  the  lateral  lemniscus  of  the  other  side;  some  of  them 

»to  the  lateral  lemniscus  of  the  same  side;  so  that  the 

>ns  of  the  fil)ersof  the  cocJdear  nerves  to  the  lateral  lemnis- 

ible,  in  the  matter  nf  crossing,  the  relutions  of  the  riptic 

the  optic  tract.     After  entering  the  lateral  leumiscus 

B  auditory  fibers  pass  forward  tow'ard  the  midljrain  and  end 

part  in  the  gray  matter  of  the  inferior  colliculusof  the  median 

internal  geniculate,  and,  according  to  Van  Oehuchten,  in  a 

imall  mass  f»f  nen,'e  cells  in  the  midbrain  known  as  the  superior 

•For  HUTature,  see  Van  Gehuchten,  "  Ix;  Novraxf,"  4,  253,   IIKKJ,  ami 
127.  I9t«. 


DtgitizGd  by 


214  PHTSIOLOGT    OF  CENTRAL  NERVOUS  SYSTEM. 

nucleus  of  the  lemniscus.  From  this  second  or  third  termination 
another  set  of  fibers,  the  auditory  radiation,  continues  forward 
through  the  inferior  extremity  of  the  internal  capsule  to  end  in 
the  superior  temporal  gyrus  (see  Fig.  82,  E).  According  to 
Flechsig,*  who  has  studied  the  course  of  these  fibers  in  the 
embryo  by  the  myelinization  method,  the  main  group  passes 
from  the  median  geniculates  to  the  transverse  gyri  of  the  tem^ 
poral  lobe  within  the  lateral  fissure  of  the  cerebrum  (fissure 
of  Sylvius).  The  median  geniculates,  in  man  at  least,  have, 
therefore,  the  function  of  a  subordinate  auditory  center,  as  the 
lateral  geniculates  have  the  function  of  a  subordinate  visual 
center.  The  median  geniculates  are  connected  with  the  inferior 
colliculus,  and  also,  it  will  be  remembered,  with  each  other,  by 
commissural  fibers  (Gudden's  commissure)  that  pass  along  the 
optic  tracts  and  the  inferior  margin  of  the  chiasm  a.  The 
auditory  path,  therefore,  involves  the  following  structures: 
The  spiral  ganglion,  the  cochlear  nerve,  accessory  nucleus  and 
tuberculum  acusticum,  corpus  trapezoideum,  medullary  stris, 
superior  olivary,  lateral  lemniscus,  inferior  colliculus,  median 
geniculate,  Gudden's  commissure,  auditory  radiation,  and 
temporal  cortex. 

The  Motor  Responses  from  the  Auditory  Cortex. — According 
to  Ferrier,  stimulation  of  the  cortex  of  the  temporal  lobe  (inferior 
convolution)  causes  definite  movements,  such  as  pricking  of 
the  ears  and  turning  of  the  head  and  eyes  to  the  opposite  side. 
As  in  the  case  of  the  visual  area,  therefore,  we  must  suppose  that 
distin(!t  motor  |)aths  originate  in  the  auditor}'  region,  and  it  is 
natural  to  HUp{K)s(;  that  these  paths  give  a  means  for  cortical  reflex 
movcnionts  following  u{K>n  auditor}'  stimulation. 

The  Olfactory  Center. — The  olfactorj-  sense  is  quite  un- 
equally <l(>V(>lo|N><l  in  (lilTcrent  mammals.  Broca  divided  them  from 
this  8tan<liN)itit  into  two  classes:  the  osmatic  and  the  anosmatic 
group,  the  latter  including  the  cetaeca  (whales,  porpoise,  dolphin). 
The  osmatic  gnnip  in  tuni  has  been  divided  into  the  microsmatic 
and  macnismatic  nniniiils.  tlu>  latter  class  including  those  animals 
in  which  the  s(<ns(>  of  smell  is  highly  developed,  such  as  the  dog 
and  rabbit,  while  the  fornu'r  includes  those  animals,  such  as  man, 
in  which»this  s(«nse  isn'latively  nulinientan'.t  The  peripheral  end- 
organ  of  smell  consists  of  the  olfactor>'  epithelium  in  the  upper 
portion  of  the  nasj»l  chambers.  The  physiolog}*  of  this  oi^an  wU 
be  considepwl  in  the  stH'tion  i>n  six^'ial  senses.  The  epithelial 
cells  of  which  it  consists  art>  comparable  to  bipolar  gangIi(Ni 
celb.    The  proi'»'s.'<t»s  or  hairs  that  project  into  the  nasal  chambo' 

•  Flechsijt.  "  liOcalisvition  dor  m'istim>n  Voruranije."  Leipsig,  1896. 

t  S««  RarktT.  '  The  NorviML"  Sy.xtom,'  1S99,  for  peferencea  to  literature. 


Digitized  by 


Google 


are  acted  upon  by  the  olfactorj-  stimuli,  and  the  impulses  thus 
aroused  are  conveyed  by  the  basnl  processes  of  the  tells,  the  olfac- 
toiy-  fibers,  through  the  cribrifonn  plate  of  the  ethmoid  bone  into 
the  olfocton'  bulb. 

The  Olfactory  Bulb  and  its  Connections. — The  olfactory 
bulbs  are  outgrowths  from  and  portions  of  the  cerebral  hemi- 
sphej'^es.  Each  biUb  is  connected  with  the  cerebral  hemispheres 
bv  ita  olfactorv  tract.     The  connections  established  h\  the  fibers 


Fib-  06.  — Diwcram  of  the  central  course  of  tha  olni€tory  fibers:    /,  Olfactory  bulbj 


//.  oU»ctory  tract;   ///,  cortex  of  the  liip(i»camiml  li>be_  Cjjyrus  uneinatusjj   IV,  anterior 

);  /<.  gioriierull  of  oltiictory  I 
ibe  oitmettrTy  fibers  come  in  contact  with  the  deiKlrilcji  uf  the  mitral  cells:   C,  mitral  and 


ur«,  olfactory  portion:   A,  olfactory  enitfitilial  cell;*  of  ntwe  (their  fibera,  olfactory 

I  fibtn.  tttnninat«  in  the  glomeruli  of  the  bulb);   U,  glomeruti  of  olfactory  bulb  where 


taniah  eella;  1.  2,  3.  axona  from  the  mitral  cells  conatitutinK  the  hben  of  the  olfactory 
tract.  Fibers  .1,  which  enter  the  commioaure.  ariae,  according  to  aoiua  obaerveia,  from 
Mila  in  the  olfactory  lobe  near  the  buae  of  the  tract. 


of  this  tract  are  widespread,  convpliciitcti,  and  in  part  incom- 
pletely known.  All  those  portions  of  the  brain  connected  with  the 
ise  of  smell  are  sometimes  gntui>ed  together  as  the  rhinenceph- 
>n.  .According  to  von  Koliiker,  the  parts  incSudeti  under  this 
designation  are,  in  addition  to  the  olfactory  hulU  and  tract,  Am- 
i's horn,  the  fascia  flentata,  the  hippocampal  lobe,  the  fornix,  the 
jtum  pellucidum.  anti  the  anterior  commis.sure.  The  schematic 
connections  of  the  olfactory  fil)ers  are  as  follows  (Fig.  9t)):  After 
entering  the  olfacton.'  lobe  the  fibers  terminate  in  certain  globular 
bodie».  the  glomeruU  olfactorii  (B)  .whose  diameter  varies  from  0.1  to 
0.3  mm.    Here  connections  are  made  by  contact  \v'ith  the  dendrites 
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of  ia?rve  cellH  of  the  olfactory  lobe,  the  mitral  and  brush  cells  (C 
The  axoDS  of  these  rells  pass  toward  the  brain  in  the  olfactorj'  tract. 
Tliree  bundles  of  these  fiberB  are  distinguished:  (1)  The  preconirnis- 
aural  bundle,  the  fibers  of  which  terminate  in  part  in  nerve  cells  sit- 
uated in  the  tract  itself,  but,  for  the  most  part,  enter  the  anterioi 
coinniinsure  and  pans  to  the  same  or  the  opposite  side,  to  end  in  the 
liifiliivranipal!  Ictbes  tvr  other  gray  matter  belonging  to  the  rhinen- 
c'.t'phaloji.      (2)  The  mesial  bundle,  the  fibers  uf  which  terminate  I 
in  the  gray  matter  adjacent  to  the  base  of   the   olfactorj'-   tract,  | 
the  tiilK^n'uium  olfactoriuni,  whence  the  path  is  probably  continued  I 
l)y  otlter  neurons  to  the  region  of  the  hippocampal  lobe.     (3)  The 
hiteral  tract,  whose  fibers  seem  to  pass  tn  the  hippocampal  lobe  of 
Mic  sjune  siile.     Awonling  to  Van  (lehuchten,*  none  of  the  fibera 
of  the  anterior  commissure  arise  from  the  nerve  cells  in  the  olfactory 
bulb,     lie  considers  that  the  fibers  in  the  olfaelor>'  portion  of  this 
etMumissiire  constitute  an  association  system  connecting  the  olfao- 
tor)'  Iol>e  of  one  siile  with  the  olfactory  btdb  of  the  other  aide. 

Th«  Cortical  Center  for  Smell. — So  far  as  the  histological 
cvidcm-e  goes,  it  tends  u»  sht>w  that  the  chief  cortical  terminatioa 
of  tl\t»  olfactory  paths  is  found  in  the  hippocampal  convolution, 
rs]>ecially  its  distal  jHirtion,  the  uncus.  The  experimental  evi- 
dtM»oi»  fr\Mn  the  side  of  physiologx'  points  in  the  same  direction. 
Frrrier  stattvs  that  electrical  stimulation  in  this  region  is  followed 
by  a  torsion  uf  the  liv»s  and  nostrils  of  the  same  side,  muscular 
nioveuuM>tj«  that  acctunjviny  usxuUly  strong  olfactory  sensations. 
On  thp  other  haml.  ablations  of  these  regions  are  followed  by  de- 
f«el«  in  tho  ii««ua<»  of  auielU  The  experimental  evidenee  is  not  very 
lftU«(MlQn%  owinit  to  the  teehninl  difficuhifes  in  operating  upon 
^hrm  portiOM  of  Uh>  Ivnin  without  at  the  same  time  invoh-ing 
tH-jjehhwrtig  wtfoM.  tliart  a  mmm  cfioieal  eA-idence  also  that 
W<«Kvtv*  In  wi»  trtf^  li^volv^  Uw  «n»»  of  snelL  Thus  Carbonieri 
iv^>(vl!>  that  a  tuuH>r  m  this  portkxi  of  the  tempcKal  lobe  occa- 
ilcneti  efoikf^io  atlMla  whkh  «e«<e  aectmpMMed  by  nauseating  j 

llM  OwtlMa  Cwaltr  Ht  Ttel*  SanatitMS.— Practically 
l»lMit  tMMl*  I*  K«i^«««  eviMMtn^  tl»  eeaftral  patfks  and  cortical 
NcwibMlMK  v«r  tW  l4Ml«  0bM«.  TW  eovrse  oT  tkcae  fibers  in  the 
VKfTCva  haft  Imm  aimk  likiNri^ilMi  and  the  fmcls  are 
k  IW  «Mk*  «|^  ^^^pcoil  immiml"  It  is  usually 
»MmMil  ahWMM^  "K^kvAl  «Mwk  tknHve  yraaC  Aai  the  cortical 
imlM  )6ta  aWtfk  la  I W  ^^|yM^a■^Pll  «i»MiiHOTa  paatericr  to  the 
ana  ^  »i>ilWlteik    KMpWWWMil  ■■■■a  ^  liw  "gi"".  aeranfing 

Cai  <mi>tfsahaii»|  HMMi»>t  m^i^t  aaffpana  tlai  the  cortifal 
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center  mav  lie  in  tlie  posterior  portion  of  the  g>'rus  fomicatus 
(6,  Fig.  99). 

Aphasia. — The  term  aphasia  means  literally  the  loss  of  the 
power  of  speech.  It  was  use<l  originally  to  indicate  the  condition  of 
those  who  from  accident  or  disease  affecting  the  brain  had  lost  in 
part  or  entirely  the  power  of  expre.s.sinK  themselves  in  spoken  words, 
but  the  term  as  a  general  expression  is  now  extended  to  include  also 
those  who  are  unable  to  understand  spoken  or  written  language — 
that  is,  those  who  are  word-blind  or  word-deat".  It  is  usual,  there- 
fore, to  distinguish  .sensory  aphasia  from  motor  aphasia.  By  the 
latter  term  is  meant  the  condition  of  those  who  are  imahle  to  speak, 
although  there  is  no  paralysis  of  the  muscles  of  articulation, 
and  by  sensory  aphasia,  those  who  are  unable  to  understand  the 
written,  printed,  or  spoken  symbols  of  words,  although  there  is  no 
loss  of  the  sense  of  vision  or  of  hearing. 

Motor  Aphasia. — A  comlition  of  motor  aphasia  not  infrequently 
Its  from  injuries  to  the  head  or  from  hemorrhage  in  the  region 
of  the  mi'kile  cerebral  artery.  The  first  exact  statement  of  the 
portion  of  the  brain  involved  seems  to  have  been  made  by  Boui!- 
laud  (1825),  who,  as  the  result  of  numerous  autopsies,  attributed 
the  defect  to  lesions  of  the  frontal  lobe. 

(It  is  a  curious  fact  that  Bouillmid's  otjservations  were  inspired  by  the  work 
ofG&ll.  Gall  liav-itig  observed,  as  he  Ihuught,  thut  individuals  who  ore  fluent 
•peakcTB  or  who  have  retentive  memories  are  characterized  by  projecting  eyes, 
concluded  th.it  this  peculiarity  is  due  to  the  lurger  size  of  the  lower  piirl  uf  the 
frontal  lolie,  and  he  therefore  located  the  faculty  of  speech  in  this  region  of  the 
bruin.  In  spite  of  the  viigaries  into  which  he  was  led  oy  hia  false  methods  Gall 
made  many  muHl  important  cuntributionii  to  our  knowledge  of  the  miatomy  of 
the  brain  and  the  cord.  The  discovery  of  the  location  of  the  center  of  speech, 
howcveir,  cannot  be  riglitly  jilaceJ  to  hiscredit,  .sincL- bin  rea-sons  for  itfl  location 
were,  so  far  a«  we  know,  entirely  unjustified.  It  cannot  be  reckoned  aa  more 
than  a  coincidence  that  Ln  this  particular  hia  phrenological  localization  was 
afterword  in  a  measure  justified  by  facts.) 

The  essential  truth  of  Bouillaud's  observations  was  established 
by  other  oVjservers,  ainl  Broca  locatefi  the  part  of  the  brain  in- 
volved in  these  lesions  in  the  jxisterior  part  of  the  tliird  or  inferior 
frontal  convolution.  He  tleseril>ed  conilitions  of  pure  motor 
aph«t<!ia.,  designated  by  him  as  aphemia,  which  he  thought  were  due 
to  lesions  in  this  gyru.s.  Thi.s  region  is,  therefore,  frequently 
known  as  Broca's  convolution  tir  Broca's  center.  Subsequent  ob- 
tioos  have  tendetl  to  confirm  this  localization,  an«l  what 

designated  as  the  "  speech  center  "  has  been  placed  in  the 
inferior  frontal  convolution  in  the  gyrus  .surrounding  the  anterior 
or  ascending  limb  of  the  lateral  fissure  Cfis.sure  of  Sylvias,  S, 
Fig.  97).  Many  authors  insist,  that  this  localization  is  too  limited, 
and  that  defects  in  the  power  of  speech  may  result  not  only  from 
ifijuric:s  to  this  region,  but  also  fnHn  lesions  of  contiguou.s  areas, 
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including  the  anterior  portion  of  the  island  and  the  oixrcular  por- 
tion uf  the  central  eonvulution.  Autoi)tiies  have  shown  that  in 
right-handetl  pers»3ns  the  cpeoch  center  is  placed  or  is  functional 
usually  in  the  left  cerebral  heuiisphere,  while,  on  the  other  hand,  it 
is  stated,  although  hardly  demonstrated,  that  in  the  case  of  left- 
handetl  individuals  aphasia  is  produced  by  lesion-s  involving 
the  right  side  of  the  lirain.  This  region  is  not  the  direct  cor- 
tical motor  center  for  the  muscles  of  speech.  It  is  possible  that 
aphiisia  may  exist  without  paralysis  of  these  latter  nm.scles.  It  is 
rather  the  memory  center  of  the  motor  inner\'atiou.s  necessarj"  to 
forni  the  appropriatii  sounds  or  words  with  which  we  have  le-amwi 
to  express  certain  concepts.  The  child  is  taught  to  express  certain 
ideas  by  definite  words,  and  the  memory  apparatus  through  which 
these  a.ssociations  are  transmitted  to  the  motor  apparatus  may  be 
conceived  as  located  in  the  speech  center.  Lesions  of  any  kind 
affecting  this  area  will,  therefore,  destroy  more  or  less  the  ability 
to  use  appropriately  spoken  words,  and  clinical  experience  shows 
that  motor  aphasia  may  be  exhibited  in  all  degrees  of  complete- 
ness and  in  many  curious  varieties.  The  individual  may  retain 
the  power  to  use  a  limited  number  of  words,  with  which  he  ex- 
presses his  whole  range  of  ideas,  as,  for  instance,  in  the  case  de- 
scribed by  Broca,*  in  which  the  individual  retainetl  for  the  ex- 
pression of  numbers  only  the  word  "  three,"  and  was  obliged  to 
make  this  word  do  duty  for  all  numerical  concepts.  Other  cases 
are  recorded  in  which  the  patient  had  lost  only  the  power  to  use 
names — that  is,  nouns  ("  Marie  ") — or  could  remember  only  the 
initial  letters.  Others  still,  in  which  words  could  he  usetl  only 
when  as.sociated  with  musical  memories,  as  in  singing;  or  in  which 
the  words  were  misused  or  employed  in  wrong  combinations 
(paraphasia).  Motor  aphasias  have  been  classified  in  various 
ways  t«  suit  the  different  schemata  which  have  been  invented  to 
explain  the  cerebral  mechanism  of  speech,  l>ut  the  whole  subject 
is  in  reality  so  complex  that  most  of  these  cla.ssifications  nmst  l>e 
received  with  caution.  There  seems  to  be  no  doubt,  however,  that 
a  condition  of  what  may  Vie  called  pure  motor  aphasia  may  result 
from  localiKcd  injuries  to  the  brain.  In  this  condition  there  is 
loss  of  the  pttwer  of  articulate  speech,  without  paralysis  of  the 
muscles  of  articulation,  and  with  the  preservation  of  what  has  been 
called  internal  language,  that  is,  the  power  to  conceive  the  ideas  for 
which  the  appropriate  verbal  exprpssions  are  missing.  Most 
authors  conclude  that  this  condition  is  due  to  an  injun,'  or  lesion  in 
Broca's  convolution,   but  others  contend  that  the  evidence   for 

*  Exner,  "Hennann'B  Handbuch  der  Phyaiologie,"  vol.  iii,  part  ii,  p.  342. 
Consult  for  older  literature. 
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18  localization  is  at  present  unsatisfactory.*  It  does  not  seem 
to  be  certain  whether  or  not,  in  the  case  of  complete  lesion  of  the 
center  on  one  side,  the  abiUty  to  speak  can  he  again  acquired  Ijy 
education  of  new  centers,  f  Some  recorded  cases  seem  to  indicate 
that  tliis  re-education  is  possilile  in  the  younp;»  while  in  the  old  it 
is  more  dithcuit  or  iniijos-silde.  We  express  our  thoughts  not  only 
in  spoken,  but  also  in  written,  .symbols.  As  this  latter  form  of 
expression  involves  a  different  set  of  muscles  and  a  different 

icational  experience,  it  is  natural  to  assume  that  the  complex 
iations  concerned  or,  to  u.se  a  convenient  expre.ssion,  the 
memory  centers,  should  involve  a  tlifferent  part  of  the  cortex.  It 
is,  in  fact,  observed  that  in  some  aphasics  the  loss  of  the  power  of 
writing,  a  condition  desip5nate<l  as  imraphia,  is  the  characteristic 
defect,  rather  than  the  loss  of  the  ability  to  use  articulate  language. 
There  may  be  also,  as  a  result  of  cerebral  injury,  a  loss  of  the  power 
to  make  various  kinds  of  puq>osive  movements  or  combinations 
of  movements  other  than  those  use<l  in  speaking  or  writing,  and 
for  this  general  condition  the  term  "  apraxia  "  has  been  employed. 
Using  this  term  in  its  widest  sense,  pure  motor  aphasia  (aphemia) 
might  be  defined  as  an  apraxia  limited  to  the  muscles  of  articula- 
tion, and  agraphia  as  an  apraxia  involving  the  tnovements  of 
writing.  The  general  evidence  seems  to  show  that  these  conditions 
of  apraxia,  other  than  the  aphemia,  are  associated  with  lesions 
in  the  first  and  second  frontal  convolutions  anterior  to  the  motor 
area. 

Sensory  Aphasia. — In  sensory  aphasia  J  the  individual  suffers 
from  an  inability  to  understand  spoken  or  written  language. 
Conditions  of  this  kind  have  been  referred  to  lesions  in  the  cortex 
of  the  temporal  or  temporo-parietal  region  (H  and  V,  Fig.  96), 
and,  as  in  the  case  of  motor  aphasia,  the  lesion  is  usually  on  the 
left  side.  Since  the  cortical  centers  for  hearing  and  seeing  are 
Bituated  in  distinct  parts  of  the  lirain,  we  shoultl  expect  that  the 
mechanism  for  the  association,  in  one  case  of  visual  memories  of 
verbal  sjinbols  with  certain  concepts,  and  in  the  other  ca.se,  of 
auditory  memories,  should  aLso  be  locateil  in  separate  regions. 
Inability  to  understand  spoken  language,  or  word-deafness,  is,  in 
fact,  usually  attributed  to  a  lesion  involving  the  superior  or  middle 
temporal  convolution  contiguous  to  the  cortical  sense  of  hearing 
I  H,  Fig.  97),  while  loss  of  power  to  understand  written  or  printed 
Language,  word-blindness  (alexia),  is  traced  to  lesion.s  involving  the 

•  Yor  tb«sc  opposing  views  und  th<' work  of  Marie  st-p  Mouticr,  "L' Aphasia 
dr  Broca,"  Paris,  1908. 

t  See  Milla,  "Journal  of  the  Amer.  M«l.  Aswoc./'  1904,  xliii. 

I  Consult  Starr,  "Aphasia,"  "Transact ions  of  the  Congress  of  .\merican 
Phyaieians  and  SurKconfi,"  vol.  1,  p.  329.  1<S8S;  also  Moaakow,  "Gchim- 
jj*thologie."  1906;  Collier,  "Brain,"  lUOS. 
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inferior  parietal  convolution,  the  gyrus  angularis,  contiguous  t< 
the  occipital  visual  center  {V,  Fig.  97).  These  two  condition 
may  occur  together,  but  cases  are  reconlcd  in  which  they  «'xistp( 
independently.  It  may  be  imagined  that  tiie  individual  .sufferin( 
from  word-blindneas  alone  is  essentially  in  the  comlition  of  oni 
who  attempts  to  read  a  foreign  language.  The  power  of  visioi 
exists,  l)ut  the  verlial  symbol's  have  no  associations,  therefore  n( 
meaning.  So  one  who  is  word-deaf  alone  may  be  compared  to  thi 
normal  individual  who  is  spoken  to  in  a  foreign  tongue.     The  word 

are  heard,  but  the; 
have  no  association 
with  past  experience 
Sensory  aphiisia  ma] 
be  complete  or  incom 
plete.  In  the  com 
plete  form  there  i 
word-deafness  as  wel 
as  word-bl!ndnfss,an( 
there  may  be  difficul 
ties  as  well  in  the  pow 
erof  articulate  sjieech 
In  the  incomplete  t>7> 
these  symptoms  ar 
exhibited  in  mildei 
and  varying  form 
One  may  imagine  thai 
our  ability  to  recog 
nize  external  object 
through  the  sense 
might  lie  affected  in  other  ways  than  a  failure  to  comprehend  the 
visual  or  auditory  symbols,  and  some  writers,  therefore,  employ  th< 
wider  term  agnosia  to  indicate'  any  failure  in  the  intellectual  rccofg 
nition  of  external  objects.  From  this  ])oint  of  view  word-bltndnea 
might  be  designated  as  visual  agnosia,  word-deafness  as  auditorj 
agnosia,  and  astereognosis  as  chicHy  a  tactile  agnosia.  The  exad 
localization  in  the  cortex  of  the  areas  involvt'd  in  the  auditory  anc 
visual  associations  ami  perceptions  connected  with  speech  has  no' 
been  established  definitely.  The  question  is  a  complex  and  difficul' 
one,  and  those  who  have  had  the  most  experience  are  perhaps  th( 
most  cautious  in  referring  word-blindness  or  word-deafness  to  thi 
lesion  of  circumscrilied  area''  of  the  cortex.*  It  may  be  said 
however,  with  some  certainty,  that  the  phenomena  of  sensorj 
aphasia  in  general  are  connected  with  lesions  involving  the  arei 


■  H 

Fiff.  07.— LatenI  vi«w  of  b  bunaD  bemwpbpri';  cur- 
tlcal  area  I',  damaffe  to  which  produFe*  " mind-bUnd* 
neai"  (word-blindneia);  cortumi  area  H,  dantace  to  which 

Sraduow  "  miod-dea/nMi"  (word^clBafoeai) ;  oortieal  are* 
,  damace  to  vbieh  cauaea  the  loaa  of  articulaM  ■peeeh; 
oortieal  area  W.  damage  to  which  nboliahe*  the  power  of 
wriliog. — (Dottald»on.) 


•  For  a  general  review  sec  Monakow, 
334. 
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the  margins  of  the  posterior  jjortion  of  the  lateral  fissure 
i  of  Sylvius),  and  extending  into  tho  parietal  lobo  as  far  as 
l>tkengni*''Syi^^<  ^^^^  ^''*b  the  cortex  within  the  fissure  including 
\be  conex  of  the  island. 

The  gieneral  facta  reganiing  aphasia  illustrate  excellentl}'  the 

pfpvalenl  conception  of  cerebral  localization.     The  understanding 

[.aed  tbe  uae  of  spoken  or  written  language  is,  so  to  sjieak,  a  tnental 

^vUe,  both  from  the  standpoint  of  education  and  of  use.    To 

id  or  to  express  certain  conceptions  implies  the  use  of 

debute  words,  and  our  visual,  auiUtory,  and  motor  experiencea  are 

eoobioed  in  these  symbols.    Each  phase  of  this  com{)lex  may  be 

liTated  more  or  less  separately;  in  the  case  of  the  unlettered 
for  instance,  the  written  or  printed  sjTiibols  form  no  part 
in  the  »880ciation3  connected  with  his  verbal  concepts.  Corre- 
yyli'^g  to  these  facts  we  have,  on  the  anatomical  side,  a  portion 
<i  Ihe  brain  in  which  the  auditory  memories  are  oi^anized, — that 
k,  tbey  are  connected  in  some  way  with  a  definite  arrangement 
of  nen-e  cells  and  their  processes,  another  part  in  which  the 
nmal  memories  are  organized,  and  other  parts  in  which  the 
Botor  uieu>ories  as  regards  speaking  or  writing  are  laid  down 
in  loine  definite  form.  Each  part  is  a  distinct  center,  but 
Ikor  combined  use  in  inlellectual  life  would  iiiij>lY  that  they 
ttt  connected  l)y  association  fibers,  so  that,  although  fun- 
diflMntaily  distinct,  they  are  practically  comibined  in  their 
mirity.  Corresponding  with  this  conception  it  is  found  from 
dUctI  experience  that  sensory  aphasics  suffer  a  deterioration, 
■Off  or  leas  pronounced,  of  their  general  intellectual  capacity 
MBOrding  to  the  extent  of  the  area  involved.  We  may  believe 
tbt  the  varying  gifts  of  individuals,  in  the  matter  of  the  use  of 
lugua^,  rest  partly  on  the  amount  of  training  received  and 
pwtly  on  the  inl>orn  character  and  eoinplcteness  of  the  nervous 
in4fhiner>-  in  the  different  centers.  • 

The  Association  Areas. — According  to  the  views  presentefl 
»bo>'e,  it  will  be  seen  that  the  motor  and  sense  areas  occupy  only 
tanaU  portion  of  the  cortex,  forming  islands,  as  has  been  said, 
nnouuded  by  much  larger  areas,  Flcchsig*  has  designatefl  these 
littir  areas  aa  association  areas,  and  has  advocated  the  view  that 
ftty  are  the  portions  of  the  cortex  in  which  the  higher  and  more 
conpiax  mental  activities  are  mediated,  the  true  organs  of  thought, 
SiTiewB  as  to  the  relations  and  physiological  significance  of  these 
■«M  bare  been  based  chiefly  on  the  study  of  the  embr>'o  brain 
■ith  reference  to  the  time  of  acciuisition  of  the  myelin  sheaths. 
I^  he  finds  that  the  fibers  to  the  sense  areas  acquire  their  myelin. 

fFWhaig,  "Oeliini  un<J  Seele,"  Leipzig,  1896;  also,  "Arcliives  de  Neurol- 
opt,"  vol.  U,  1000, 
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and  therefore  according  to  his  view  become  fully  functional  before 
those  distributed  to  the  association  areas.  Moreover,  in  the  em- 
bryo., at  least,  these  latter  areas  are  not  supplied  with  projection 
fibers, — that  is,  they  are  not  connected  directly  with  the  under- 
lying parts  of  the  nervous  systems.  Their  connections  are  with 
each  other  and  with  the  various  sense  centers  and  motor  centers 
of  the  cortex. 

The  association  areas  may  be  regarded  therefore  as  the  r^ons 
in  which  the  different  sense  impressions  are  s^'nthesized  into  complex 
perceptions  or  concepts.  The  foundations  of  all  knowledge  are 
to  be  found  in  the  sensations  aroused  through  the  various  sense 
organs;  through  these  avenues  alone  can  our  consciousness  come 
into  relation  with  the  external  or  the  internal  (somatic)  world, 
and  the  union  of  these  sense  impressions  into  organized  knowledge 
is,  according  to  Flechsig,  the  general  function  of  the  association 
<  areas.  This  function  of  the  association  areas  is  indicated  by  the 
anatomical  fact  that  they  are  connected  with  the  various  sense 
centers  by  tracts  of  association  fibers,  suggesting  thus  a  mechanism 
by  which  the  sense  qualities  from  these  separate  sense  centers  may 
be  combined  in  consciousness  to  form  a  mental  image  of  a  compile 
nature.  The  sequence  of  phenomena  in  the  external  world  is  or- 
derly, and,  corresponding  to  this  fact,  the  reflection  of  these  phenom- 
ena in  the  sequence  and  combinations  of  sensations  is  also  orderly. 
In  the  association  areas  our  memor>'  records  of  past  experiences 
and  their  connections  are  laid  down  in  some,  as  yet  unknown, 
material  change  in  the  network  of  nen-e  cells  and  fibers.  Here, 
as  elsewhere  in  the  ncn'ous  system,  it  may  be  supposed  that  the 
efficiency  of  the  ncr\'ous  machinery'  is  conditioned  partly  by  the 
completeness  and  character  of  training,  but  largely  also  by  the 
inborn  character  of  the  machiner>'  itself.  The  verj'  marked  differ- 
ences among  intelligent  antl  ciiltivateti  persons — ^for  instance,  in 
the  matter  of  musical  menu>r>'  and  the  power  of  appreciating  and 
reprotlucinp  musical  liannonies — cannot  Ix?  attributed  to  differences 
in  tniining  alone.  The  gifteil  person  in  this  respect  is  one  who  is 
born  with  a  certain  iNtrtion  of  hi.<«  brain  more  highly  organized  than 
that  of  most  of  his  fellow-mon.  This  general  conception  that  the 
s|X'('ial  capacities  of  talent*^!  individuals  rest  chiefly  upon  inborn 
tlifTcn'nces  in  .<!tnictun^  or  onranization  of  the  brain  may  be  re- 
ganleil  as  one  tmtcome  of  the  mtnleni  doctrine  of  localization  of 
functions  in  this  t»nian.  In  the  Ivirinning  of  the  nineteenth  century 
it  swMus  to  have  Ikhmi  the  ptMioral  view  that  those  who  had  a  hig^ 
liegree  of  mental  ca|>:»city  niipht  tlirtn-t  their  acti\nty  with  equal 
siiciv.'ss  in  any  direction  acconiinc  t«)  the  training  received.  A  man 
who  eould  walk  tifty  miles  to  the  north,  it  was  said,  could  just  as 
easily  walk  titty  miles  to  the  south,  and  a  man  whose  training 
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made  him  an  emhu'nt  inathoniatioian  might  with  different  training 
liave  made  an  equally  eminent  soldier  or  statesman.  In  our  day, 
however,  with  our  ideas  of  the  organization  of  the  brain  cortex, 
and  our  knowledge  that  different  parts  of  this  cortex  give  different 
reactions  in  consciousness,  it  seems  to  follow  that  special  talents 
are  due  to  diff^erences  in  oi^anization  of  special  parts  of  the 
cortex. 

Subdivision  of  the  Association  Areas. — On  anatomical  grounds 
Fleehsig  distinguishes  three  (or  four)  association  areas:  The  frontal 
or  anterior  35,  Fig.  100),  A\'hich  lies  in  front  of  the  motor  area; 
the  median  or  insular, — that  is,  the  cortex  of  the  island  of  Reil; 
and  the  posterior,  which  lies  back  of  the  body  feeling  area,  extending 
to  the  occipital  lobe  and  also  laterally  into  the  temporal  lobe. 
This  area  Fleclisig  suggests  may  Im  subdivided  into  a  parietal  area, 
M,  Fig.  100,  and  a  temporal  area,  36,  Fig.  100.  The  greater  rela- 
tive development  of  these  areas  is  one  of  the  features  distinguishing 
the  human  brain  from  those  of  the  lower  mammals.  In  accordance 
with  the  general  conception  of  localization  of  functions  Flechsig 
guggests  that  these  areas  have  different  fimctions, — that  is,  take 
<lifferent  parts  in  the  complex  of  mental  activity.  Biising  his 
views  upon  the  nature  of  the  association  tracts  connecting 
them  with  the  sense  centers,  he  suggests  that  the  posterior  area 
is  concemeti  particularly  in  tiie  organization  of  the  experiences 
founded  upon  visual  and  auditory  sensations,  and  shows  especial 
development  in  caaea  of  talents,  such  as  those  of  the  musician, 
which  rest  upon  these  experiences.  The  anterior  arca,  being  in 
cloeer  connection  with  the  body  sense  area,  may  po.«isibly  be  espe- 
cially concerned  in  the  organization  of  experiences  based  upon  the 
internal  sensations  (bodily  appetites  and  desires).  In  this  part 
the  brain  pcjssibly  arises  the  conception  of  individuality,  the 
of  the  self  as  distinguished  from  the  external  world.  And  in 
fierations  or  defective  development  of  this  portion  of  the  brain 
may  He  possibly  the  physical  explanation  of  mental  antl  moral 
degeneracy.  This  general  idea  is  borne  out  in  a  measure  by  his- 
oal  stutlies  of  the  brains  of  thosp  who  are  mentally  deficient 
■ntia)  or  mentally  deranged  (dementia).  It  is  stated*  that 
the  brain  in  such  cases  shows  a  distinct  thinning  of  the  cort<>x  and 
that  the  maximum  focus  of  this  change  is  found  in  the  prefrontal 
lobes  (ant<'rior  association  area).  In  the  case  of  the  idiotic  this 
is  distinctly  umlevelopeti  and  in  the  insane  the  atrophy  is 
ked  in  proportion  to  the  degree  of  dementia.  Regarding  the 
peculiar  function.s  of  the  cortex  of  the  island  of  Reil  there  are 
no  facts  sufficiently  distinct  to  warrant  a  positive  statement, 
although,  as  stated  above,  the  data  from  pathological  anatomy 
•  Bolton,  "Brain,"  1903,  p.  215,  ami  1910,  p  26. 
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would  8(M.>m  to  indicate  that  this  portion  of  the  cortex  may  form 
a  part  of  the  speech  area  both  on  the  motor  and  the  sensory  side. 
The  area  is  much  more  developed  in  man  than  in  the  lower  mam- 
mals, and  its  connections  with  other  parts  of  the  cortex  by  means 
of  association  tracts  are  such  as  to  lead  to  the  supposition  that  its 
general  functions  are  of  the  higher  sjTithetic  character  attributed 
to  the  association  areas  in  general. 

Hy  wuy  of  caution  it  should  bo  stated  that  the  general  ideas  developed 
alK)vo  in  aocortlance  withjFlechsig'H  views  do  not  meet  with  univonal  accept- 
ancT.  Sonir  of  thr  most  experienced  observers  are  unwilling  to  admit  that 
such  a  d<»gnH>  of  l(M>alizution  of  the  psychical  activities  really  exists.  They 
contend  that  the  whole  cortex  may  be  concerned  in  mediating  the  highest 
mental  proc(<!«i(>s,  and  quote  post-niortem  examinations  of  carefully  studied 
CHMCM  in  Hupimrt  of  this  view.  Even  in  the  primary  sense  centers  or  motor 
centers  the  chnmcter  of  the  lamination  of  the  cortex  indicates  the  possibility 
that  the  higher  synthetic  functions  may  be* mediated  there  in  addition  to  tbte 
riHH'ption  of  sensory  impulses  or  the  generation  of  motor  impulses.  We 
must  recognize,  in  fact,  tnnt  the  schemata  designed  to  show  the  distribution  of 
the  higher  i)sy«'hical  activiti**  in  the  cortex  represent  at  present  only  hypotheseB 
which  nwxl  (*ontirmation  Ix'fore  they  can  be  finallj-  accepted.  We  may  feel 
considenible  <*<)ntid<>n(*e  in  the  localizations  of  the  motor  areas,  and  of  some,  at 
le!u««t,  of  the  .s»'nsory  an-tus,  but  in  the  matter  of  the  more  complex  mental 
acts,  failure  in  which  e\pn<sses  it.'«elf  in  the  conditions  of  aphasia,  dementia, 
|H>rverstons,  etc.,  our  knowledge  is  incomplete,  both  as  regards  analysis  of  the 
symptoms  and  the  loi\-ilitics  affectetl  in  the  brain. 

The  Development  of  the  Cortical  Area. — Flechsig*  has 
juiMishod  tho  rosults  of  an  oxteii.>*ive  ."^tudy  of  the  time  of  mye- 
linizatioti  »>f  the  tiluMs  in  the  ccrchruni  of  man  from  the  fourth 
nuMiih  oi  intra-utoriiio  to  the  fourth  month  of  e.xtra-uterine  life. 
Tho  first  an^as  to  ilfvolop  ia  the  cortex  are  the  primary'  sense 
ivntors  (.smell,  cutamnnis  and  miK«H"le  sense,  sight,  hearing,  and 
liuiclO.  aiul  later  in  i-oixnection  with  these  centers  systems  of  motor 
tiU^rs  ap|H*ar.  Thon^  an*  thus  forintxi  s*'ven  primar\'  zones,  sensor)' 
and  niott>r.  to  which  ho  jrivos  the  name  of  projection  areas.  The 
loration  i>t"  ihost>  an'as  is  shown  in  part  in  Figs.  98  and  99,  j  (i*,  i«), 
".  •>*.  r  v'^'v  -*■'.  ''•■  1^^^^  areas  connoited  with  the  olfactory  sense 
;irt>  not  «;:iow!i  iti  thos«»  tisr.irv*-;:  they  appear  in  the  anterior  per- 
forate latr.ina  on  the  ?»ase  >'t"  i!;o  brain  and  in  the  uncinate  g>'rus. 
I.-itov  '.:'.o:-\*  i-<  «.k'VfivnH\l  :iro;n.l  thi>se  primar>-  zones  areas  that 
riovhsis:  »alls  mar.riiud  or  N>nlor  zom^.  which  have  no  projection 
:  :<tr<.  bv.t  wl-.i.:;  an*  i-o!'.novto»l  by  short  association  fibers  with 
o-.i-  o'  t:i<>r\'  I'f  :rv  f»rii:;arv  pn.\iortioi'.  zom^.  :s.  w  to  A?,  in  Figs. 
l»ii>  and  lOl.  Tht's*'  anas  all  dovolop  a:"tor  birth:  and  from  a 
:•!••<••>'.- 'L;:-aI  star.'ii^n:-.:  may  Iv  n'•Jani«^i  rvrhaps  as  the  seat  of 
::•.<•  or-.::'.-  i.v'-l  ::ur:\''ri»s  ('oi:r.o«-:.'u  wir!:  iho  priman"  sense  centers. 

*V!-'?>.i  ■  l^rvh*'  !>T  'Vi'hrvv  v-i.'h-phy^Lsi-hen  Kla:w«>  dor  kdoi|j. 
"i.i.K^  i;.-.M:'>4r-A.f' .1.  r  \^■»<  "»«-''^  tV'f  '.:  I  .r.-i-.i"  I'liM  For  a  Mimmarv  of 
.-...    -..,:••,  .,1    .».;..,  .,v..r<  «.   <.ifv.    •   I'-,    r  >-•>..  HotVir.*  lUwintal  BullMin." 
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SENSE    AREAS    AND    SENSE   ASSOCIATIONS 


It  is  injuries  in  tliose  centers  which  may  II»p  supposed  to  produce 

the  various  kinds  of  aphasia  desfribed  abo\'e.    Thus,  areas  /?,  fo, 

land  i4  form  border  areas  to  the  primary  area  of  sight  (5);  J6  has 

[the  same  relation  to  «    is  to  !^,  and  14,  14''  with   7.     T.ater  still 

the  great  association  areas — .34,  gs,  55,  Figs.  100 and  101 — acquire 

I  their  myelinated  fibers.  These  latter  centers,  as  indicated  above,  may 

}be  considered  aa  association  areas  with  more  complex  conner- 

[tions.  and  thoy  serve  to  mediate,  therefore,  the  higher  psychical 

»cti\itiea.     Flechsig,  in  his  report,  designates  these  nreas  from  an 

janaU^mical  point  of  view  as  termivial  or  central  zones.     As  the 

?iilt  of  his  histological  work,  as  far  as  it  has  progre^saed,  he  clistin- 

thirty-six  areas  in  the  cortex  in  which  the  myelinizati<in  of 

ITS  occurs  separately,  and  in  which,  therefore,  by  inference 

iiff«*rent  physiological   activities  are  mediated.     These  36  areas 

subdivided  as  follows: 

L  Primarj'  areas. 

la.  Primary  projection  areas  (i,  g,  4,  6,  6,  7,  8  {16),  seven  or 
eight  in  number,  and  provided  with  projection  Gliera — 
sensory  and  motor. 
I*.  PYinuuy  areas  without  projection  fibers  {3, 9, 10,  11,  IS,  13!) 
and  apparejntly  without  aseodation  fibers.  Functions  un* 
certain. 
n.  AsBociatiou  areas. 

n*"  Intermediate  or  border  areas,  14,  16~S5,  provided  with 
short  iU4Sociation  fibcra. 

n'''  Terminal  or  central  areas,  S4,  S5,  36,  provided  with  long 
association  tibers. 

Histological  Differentiation  in  Cortical  Structure.-  W  liile 
ibe  general  stnicture  of  the  cortex  is  eveiywhere  simihir,  detailed 
examination  has  shown  differences  iti  the  shape  of  the  cells,  the 
thickness  and  nunil>er  of  the  strata  or  laniinjB,  the  calibre  of  the 
fibers,  etc.,  whi«'h  are  said  to  be  constant  for  any  given  region.  By 
this  mi>ans  it  is  ix)ssibie  to  divide  the  cerebral  cortex  into  a  number 
of  areas  whose  structures  are  sufficiently  distinct  to  be  recognized 
with  some  certainty.  Reasoning  from  analogy,  we  should  infer 
that  a  flifferentiation  in  structure  implies  a  subdivisithri  of  physio- 
logical activity,  and  to  this  extent  this  recent  histological  work 
ittpporta  the  view  of  u  localized  distribution  of  function  in  the 
cortex.  Campbell,*  in  a  very  thorough  investigation  of  this  kind, 
hao  suecot^^fed  in  separating  some  fifteen  or  six'teen  different  areas, 
and  the  n-sult^  oi>taine«i  bj'  him  support  in  a  general  way  the  local- 
izations describeti  in  the  preceding  pages.  Thus  the  cortex  in  the 
post-central  conve»lut.ion  (body-sense  area)  ban  a  structure  <li.s- 
tinctly  different  from  that  of  the  precentral  convolution  (motor 
area),  the  latter  l^eing  characterized  among  other  things  by  the 

•  CampMl,  "  Hist'oloeicul  Studies  on  Ixjcalisulioti  of  Ci'wbnil  Funrtions," 
Ckmbridgc,  l{Xk5;8oealao  Bnximann,  "Journal  f.  Psychol,  u.  Neurol.,"  !!I0'2,  7. 
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presence  of  fiiant  pyramiilal  cells  (Betz  colts),  am!  u  marked  dinii- 
nution  in  the  width  of  the  prauular  layer  of  cells.  In  tlie  oecipitiil 
lobes  the  region  routui  the  calcarinc  fissure  (visuoseiisory)  has  a 
strueture  different  from  that  of  the  contiguous  cortex  f\ni!Ui>- 
psychic),  and  a  similar  difference  is  claimed  for  the  auditon' 
ref;ion.  C'ampbell  believes  that  the  extreme  end  of  the  Ironlal 
lobe  (prefrontal  region)  has  a  eoniparatively  undeveloped  struc- 
ture, but  Bolton,*  on  the  contrary,  states  that  it  ha.s  a  typical 
structure  and  believes  that  it  plays  a  part  of  the  greatest  impor- 
tance in  tSie  higher  or  general  processes  of  assfjciation.  It  is  the 
last  region  of  the  cortex  to  be  evohed.  In  mental  decadence  or 
denventra  it  is  the  first  region  to  luniergo  dissolution,  and  in  condi- 
tions of  atneritta  it  is  undevt'lopeti. 


A 


3 


Fig.  102. — ^DiBKiuin  to  ulinw  tlic  roiniiosilion  of  thn  corpus  callo^uiu  nts  a  9)-Mtefn  of  cora- 
mimuriil  libeni,  witlntiit  pnijprti<m  tiiwrs.-    iCajol.) 

The  Corpus  Callosum. — The  corjms  callosum  Is  the  most 
conspieuiKis  nf  the  bands  of  cotiiniissurul  fibers  that  connect  one 
cerel>ral  liemisfihere  with  the  other.  Similar  tracts  of  the  same 
general  nature  are  the  anterittr  conunissure  and  the  fornix. 
The  position  and  great  development  of  the  corpus  callosum 
has  made  it  the  nbjert  of  experimental  as  Avell  as  anatomieal 
investigation.  When  the  cori>us  is  divideci  l>y  a  section  ahmg  the 
longitudinal  fissure  (v.  Koranyi)  no  j)erf-e[jtible  effect  of  either  a 
motor  or  sen.sory  nature  is  ob.served  in  the  animal.  When  it  is 
stinndaterl  electrirally  (Mott  and  Schafer)  from  above,  symmetri- 
cal movements  cm  t!ie  two  sides  of  the  boiiy  may  be  obtained.  If 
tlie  motor  cortex  on  one  side  is  removed,  stimulation  in  the  Ion- 
gitutiinal  fissure  causes  movements  only  on  the  side  controlled 
by  the  uninjured  cortex.  These  facts  are  in  harmony  with  the 
•  Uullou,  "liriiin,"  1«10.  p.  26. 
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rwniltvS  of  histoloitiral  studies,  wliich  iiuUcatt'  that  th<?  fibt-rs  of  ilic 
cori)us  callosuiu  do  not  t-nter  directly  iuto  thi'  intiTual  capsuk's, 
t4j  be  distributed  to  undpriyinp;  portions  of  the  brain,  but  are  truly 
lissural  and  connect  porti(}ns  of  the  fort,i'x  of  one  henuKphen- 
the  cortex  of  the  other  side.  This  relation  i.s  indicated  in  the 
aoi'orapanyiug  diagram  (Fig.  102).  So  far  as  the  motor  regions  ar(> 
concerned,  there  is  some  evidence  that  the  connection  thus  e.s- 
tablisheii  is  betwi'en  S3'inmetrical  partsS  of  the  cort^^x  (MuratolT), — 
that  is,  l^etween  parts  having  similar  functions,— and  we  may 
regard  the  corpus  as  a  means  hy  which  the  functional  activities 
of  the  two  sides  of  the  cerebrum  are  associated.  On  the  human 
side,  study  of  cases  of  lesions  of  the  coqius  callosum  has  yielded  an 
important  suggestion  in  line  with  the  conelusion  just  stated. 
Ijepmann*  has  reported  cases  of  this  kind  in  which  there  were 
aprajdc  symptoms  (dyspraxia)  in  the  movements  of  the  ieft  side 
of  the  body,  although  the  right  cortex  was  uninjured.  He  tiraws 
the  conclusion  that  in  movement  complexes  in  general  the  left 
hemisphere  lea<is  or  initiates,  as  in  the  <'iuse  of  articulate  speech, 
and  that  through  the  coniTnissurai  fibers  of  the  corpus  eallosuni 
a  stimvilus  is  conveyed  to  the  right  cortex  when  the  movenu'iit 
affects  the  musculature  of  the  left  side, 

The  Corpora  Striata  and  Tbalami.— The  numerous  ma.sseJ5 
of  gray  matter  found  in  the  cerehrunr  beneath  the  cortex, 
in  the  thaiamenccphalon,  and  in  the  midbrain  have  each,  ui 
course,  specific  functions,  but,  in  general,  it  may  he  said  that 
they  are  intercalated  on  the  afferent  or  efferent  paths  to  or  from 
cortex.     Their    physiology    is    included,    tlierefore,    in    the 

■ription  of  the  functions  mediated  by  these  jiaths.  For 
instance,  the  lateral  geniculate  bodies  fi>rtn  part  of  the  optic 
path.  In  addition,  however,  these  nuisses  of  cells  contain 
in  many  cases  reflex  arcs  of  a  more  or  less  complicated  kind, 
through  which  afferent  impulses  are  converted  int(>  efferent 
impulses  that  affect  the  imiscidature  or  the  glandular  tissues 
of  the  body.  The  large  nuclei  con.stituting  the  corpora  striata. 
(nucleus  raudatus  and  n.  leuticularis)  and  the  thalami  have 
been  frequently  .studied  exfierinientally  to  ascertain  whether 
they  have  specific  functions  independently  of  their  rela- 
tions to  the  cortex.  Tliese  efforts  have  given  uncertain  results. 
Older  eXF)criments  (Nothnagel),  in  which  the  attempjt  was  made  to 

Lroy  these  nuclei  by  the  io4*uh'zed  injection  of  chromic  acid,  are 

>ably  unreliable,  as  the  destruction  involved  also  the  proiection 

fibers  passing  to  the  cortex.    J^esions  of  the  nucleus  caudatus  are  said 

to  be  accompanied  always  by  a  rise  in  toiiy  temperature  nnd  an 

increaee  in  heat  pro<luction,  and  stimulation  of  the  same  nucleus 

•  Liopmann,  "Mod.  Klin.,"  1007,  725. 
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gives  a  very  marked  rise  in  blood-pressure.  Tiicsc  facts  indicate 
a  possible  connection  of  this  nucleus  with  heat  and  vasomotor 
regulation.  Other  observers  have  supjxised  that  these  nuclei  are 
especially  concerned  in  the  co-ordination  of  the  muscles  employed 
in  involuntary-  or  unconscious  movements.  While  the  nucleus 
lenticularis  is  comiected  with  the  posterior  Rolandic  region  of  the 
cortex,  the  n.  caudatus  seems  to  be  independent  in  this  regard, 
and  U^  he  provided  with  its  own  system  of  projection  fibers. 
With  regard  to  the  various  nuclei  of  the  thalamus,  it  is  known  i}\&t 
they  form  abundant  connections  with  the  sensory  areas  of  the  cor-  i 
tex  cerebri,  and  from  this  standpoint  they  may  he  regarded  as  ' 
consisting  of  subcenters,  with  a  probability,  however,  that  reflexes  i 
may  occur  through  them  (subcortical  reflexes)  independently  of 
the  cortex.  Numerous  fibers  have  been  traced  from  the  thalamus 
to  the  body  sense  area  (Flechaig),  Sachs*  states  that  the  thalamus 
may  be  considered  as  being  composed  of  two  practically  inde- 
pendent parts:  an  inner  division,  which  has  relation  with  the  nucleus 
caudatus  and  the  rhinencaphalon,  and  an  outer  division,  which, 
on  the  one  hand,  serves  as  a  terminus  for  the  fibers  of  the  lem- 
piscus  and  of  the  sufKrior  cerebellar  peduncle,  and,  on  the  other 
hand,  13  connected  by  afferent  and  efferent  paths  with  the  cortex 
bi  the  Rolandic  region.  It  is  evident,  from  these  i-elations  and  from 
the  proximity  of  the  internal  capsule,  that  lesions  in  the  thalamus 
may  occasion  symptoms  of  a  very  diverse  character.  Among 
these  symptoms,  we  should  expect  to  find  hemianesthesia  on  the 
opposite  side,  owing  to  the  fact  that  the  thalamus  serves  as  a  sub- 
station for  the  fibers  of  the  lemniscus. 

*Sacha,  "Brain,"  1,  1909. 
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The  functic'iis  of  the  cerebellum  are,  in  some  respects,  less  satis- 
factorily knuwn  than  those  of  any  other  part  of  the  central  nervous 
system.  Many  theories  have  beeu  held.  Most  of  these  views 
have  been  attempts  to  assign  to  the  organ  a  single  function  of  a 
definite  character,  but  latterly  the  insiiOicicncy  of  the  theories 
proposed  has  led  observers  to  attribute  to  the  cerebellum  general 
properties  the  nature  of  which  can  not  be  expressed  satisfactorily 
in  a  single  phrase.  Before  attempting  to  gi\'e  a  summary  of  exist- 
ing views  it  will  be  helpful  to  recall  briefly  the  important  facts  re- 
garding its  structure  and  relations,  so  far  as  they  are  knov^'n  and  can 
be  used  to  explain  its  functional  value. 

Anatomical  Structure  and  Relations  of  the  Cerebellum. — 
Tlie  finer  histology'  of  the  cerebellar  cortex  is  represented  in  Fig. 
103.  Three  layers  may  ho  distinguished.  Tiic  external  molecular 
layer  {A),  the  middle  granular  layer  (B),  and  the  mtemal  medullary 
layer  consisting  of  the  white  matter  or  medullated  ner\'e  fibers, 
afferent  and  efferent  (C).  Between  the  molecular  and  granular 
layers  lie  the  large  ami  characteristic  Purkinje  cells  (a).  The 
dendrites  of  these  cells  bmnch  pnifuseh*  in  the  molecular  layer; 
their  axons  pass  into  the  medullar^'  layer.  From  the  standpoint 
of  the  neuron  doctrine  these  ceUs,  so  far  as  the  cerebellum  is  con- 
cerned, are  efferent.  They  fonn,  indeed,  the  sole  efferent  system 
of  the  cerebellar  cortex.  The  afferent  fibers  of  the  cerebellum  end 
in  both  the  granular  and  the  molecular  laj'ers.  Those  that  termi- 
nate in  the  granular  layer — -designated  hy  Cajal  as  moss  fibers, 
have  at  their  terminations  and  points  of  branching  curious  clumps 
of  small  processes;  they  probably  connect  with  the  dendrites  of  the 
nerve  cells  in  this  layer.  Those  that  pass  deeper  into  the  molec- 
ular layer  come  into  connection  with  the  dendrites  of  the  Purkinje 
cells,  around  which,  imleed,  they  seem  to  twine,  so  that  Cajal  desig- 
nated them  as  climbing  fillers.  The  gramdar  laver  (/?}  contains 
numerous  granules  (g)  or  small  nerve  cells.  These  cells  are  spherical, 
and  have  a  relatively  large  nucleus  and  a  small  amount  of  cyto- 
plasm. Their  dendrites  are  few  and  short;  their  axons  run  into 
the  molecular  layer,  divide  in  T,  and  the  two  branches  then  run 
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parallel  to  the  surface  and  doubtless  make  connectioas  with  the  den- 
drites of  tlio  Park  ill  jc  cells  as  well  as  \vith  the  celJs  of  the  molecular 
layer.  A  few  larger  nerve  cella  of  Golgi's  second  type  (/)  are  found 
also  in  the  granular  layer.  In  the  molecular  layer  are  found  two 
types  of  cells:  the  larger  basket  cells  {b}  whose  axons  terminate  in  a 
group  of  small  branches  that  inclose  the  body  of  the  Purkinje  cells, 
and  a  number  of  smaller  cells  (e),  situated  more  superficially, 
whose  axons  pass  longitudinally  in  the  molecular  layer  and  termi- 
nate in  arborizations  or  baskets  that  doubtless  make  connections 
with  the  dendrites  of  the  Purkinje  cells. 


rf\ 


j.r    3     -  '-■  j4  ■  ■■■■ 

Fl«.  103. — HinuAogy  of  Ihe  cerebeOum.— (From  Obtnleintr) 


A  consideration  of  this  peculiar  and  intricate  structure  enables 
us  to  comprehend  that  the  cerebellar  cortex  presents  a  reflex  arc 
of  a  ver\'  considerable  di^grcp  of  cnmplfxity.  The  incomhig  im- 
pulses through  the  moss  and  climbing  fibers  may  pa.ss  at  once  to  the 
Purkinje  cells  and  lead  to  efferent  di.'^charges,  or  they  may  end  in 
the  cells  of  the  graimlar  or  molecular  layer  and  thus  be  distributed 
to  the  Purkinje  colls  in  a  more  indirect  way.  In  addition  to  the 
cortex  the  cerebellum  contains  several  masses  of  gray  matter  in 
its  interior:  the  large  dentate  nucleus  in  the  center  of  each  hemi- 
sphere and  the  group  of  nuelri  lying  in  or  near  the  middle  of  the 
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mertuirary  9uV)Rtance  of  the  vermifonn  kibe  (nucleus  fastigii,  n. 
globosi,  and  the  n.  emljolifonnis).  T!ie  iixims  of  the  Purkinje 
relis  of  the  luirtex  terminate  in  these  subforticai  nuclei,  and  the 
efferent  path  from  the  cerebeJhiin  is  then  continued  by  new 
neurons.  Thus,  the  fibers  of  the  superior  pedundes  (brachiuni 
conjunctivum)  of  the  corebrlluni  arise  chiefly  from  the  dentate 
nurlei,  and  only  indirectly  from  the  cortex.  The  anatomical 
connections,  afferent  and  efferent,  between  the  cerebellum  and 
other  parts  of  the  nervous  system  are  very  complex  and  not 
yet  entirely  known.  Without  attempting  to  recall  all  of  tliese 
connections,  which  will  be  found  described  in  works  upon  anat- 
omy or  neurology,  empluisis  may  be  laid  upon  those  which  are 
at  present  helpful  in  discussing  the  physiology  of  the  organ. 

1.  Connections  with  the  Afferent  Path h  of  thv  Cord. — Through  the 
inferior  peduncles  (restiform  liodies]  the  cerebellum  receives  affer- 
ent fibers  from  the  spinal  cortl  and  the  niechjlhi-  The  cerebellu- 
spinul  fasciculus  undoubtedly  ternunates  in  the  cerebellum,  an«[ 
arconiing  to  some  observers  the  fibers  of  the  posterior  funiculi 
after  ending  in  the  n.  gracilis  and  n.  cuneatus  are  also  continued 
in  part  to  the  cerebellum  by  nerve  fibers  pa.ssing  by  way  of  the 
inferior  peduncles.  This  latter  view  has,  however,  not  found 
confirmation  in  recent  work,  most  authors  l>elieving  that  the 
afferent  fibers  of  the  posterior  funiculi  all  enter  the  lenmiscus, 

decussating,  and  pass  forward  to  the  thalanms.     Ascending 
arising  in  the  retirular  forniati<m  of  the  medulla  and  the 
olivary  nucleus  also  take  this  path  to  the  ccreljellum,  and,  on  the 

» other  hand,  probably  make  connections  with  the  sensory  tracts 
of  the  cord  or  the  sensory  nuclei  of  the  medulla.  Another 
liferent  tract  of  the  cord,  that  of  Gowers  (fasciculus  antert»later- 
HH  superficialis),  ends  in  the  cerebellum,  in  large  part  at  lea.st, 
forming  a  part,  in  fact,  of  the  cerebellospinal  system.  The  nature 
of  the  sensory  impulses  conveyeil  in  this  way  to  the  cerel)el]um 

is  not  entirely  understood,  but   it  seems  certain  that  .some  of 

them,  at  least,  are  what  we  designate  as  impulses  of  deep  sen- 
edibility,  that  is,  sensibility  of  muscle,  tension,  and  joint,  jis  opposed 
I  to  cutane<jus  sensibility,  and  this  fact,  as  we  shall  see,  throws 
[8'Jme  light  on  the  specific  fxmctional  importance  of  the  cerebellum. 

2.  Connections  with  the  V^estiludar  Branch  of  tkr  Eiffhth  Cnm- 
iai  Xerve. — This  branch,  arising  in  the  semicircular  canals  antl 
Utnculus  and  sacculus,  omh  in  the  ptms  in  several  nuclei  (Detters', 

IHechterew's)  and  also  in  the  n.  fastigii  of  the  cerebellum.  These 
inuclrj.  in  turn,  are  connected  with  other  parts  of  the  central 
I  nervous  system,  but  the  details  am  not  yet  comjdetelv  known. 
I  The  connections  that  have  been  inost  clearly  established  are 
those  matin  with  the  motor  centers.     Th»-Dugh  the  medial  longi- 
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FIk-  104. — Diftgram  tn  indic«it«a  possible  deacentlinK  path  from  cerfbnini  to  eon 
ditioii  I"  thp  pyramitUil  nyMeia,  iinmoly,  the  aecondnrj'  or  crmbetlar  motor  P*tl 
GeluiclU<?ii>-  TliB  iMitli  is  jniiinrl  ami  coinpriMra  tli*  rollowing  tltiiln:  1.  The  < 
ponlo-opFplirUiir  jmIIi,  rcpreApntt-d  ili  arinaK  in  tue  motor  ansa  of  the  ci<rebrurii  and  | 
down  with  ihf  pyramiclal  xy.^tein  lu  end  in  tti«  pan»,  iheuee  ctiiilinitcd  lhn>uKh  the 
|i«duDcl«»  to  the  c*reb<>llBr  cHirtex  of  opposite  side.  2.  The  path  from  the  cerebellar 
Ut  the  dentate  nucleus,  'i.  'Hip  path  froti>  the  dtntate  nurleiiK  to  the  red  niicleu*  | 
by  way  of  the  superior  peduncles,  brachium  ronjunctivum.  4.  The  path  from  t 
nucleus  to  (he  motor  cclb  of  the  spiikal  cord  < rubra-apinal  tract). 


m 


that  such  tracti?  exist,  in  view  of  tho  fact  that  destniction  c 
semicireular  canals  and  severe  tesious  of  the  cerebelJum  cause  r 
disturbances  that  are  strikingly  similar. 

3,  Connections  unUi  Other  Sensory  Nuclei. — In  addition  t 
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sensory  connections  just  described,  it  is  stated  by  various 
ologists  that  the  sensory  nuclei  of  the  vagus,  the  trigeminal 
iadlh»  auditory  nerves,  send  afferent  paths  into  the  cerebellum, 
aod  that  similar  paths  extend  froni  the  primary  end  stations 
of  the  optic  fibers.* 

4.  Conntetwns  uith  Ihe  Cortejc  of  the  Cerd)t'um. — The  cerebellar 
oortex  is  coDnected  with  the  cerebral  cortex  by  the  large  system 
bovn  as  the  cortico-ponto-cerebellar  tract  (see  Fig.  82,  .4 ).  The 
fibnof  this  tract  arise  in  the  motor  area  of  the  cerebrum  or  in  the 
{ranuJ  cortex  anterior  to  the  motor  area,  descend  in  the  internal 
Opwle  Mid  cerebral  peduncle,  and  end  in  the  gray  matter  of 
the  pons.  Thence  new  axons  continue  the  path  across  the 
aid-line  and  to  the  cerebellar  cortex  by  way  of  the  middle 
pduncle  (brachium  pontis).  The  tract  wnuhl  seem  to  convey 
efierent  impulses  from  the  cerebral  cortex  (motor  region)  of 
one  side  to  the  cerebellar  cortex  of  the  opposite  side.  A  second 
fmhle  connection  with  the  cerebrum  is  made  by  way  of  the 
tbijimus.  Fibers  arising  in  the  dentate  nucleus  emerge  l>y 
tiv  of  the  brachium  conjunctivum  and  connect  with  the  red 
oudeus  in  the  subthalamic  region  and  perliaps  also  with  the 
lyimus.  The  latter  fibers  may  be  continued  forward  to  the 
entes  of  the  cerebnmi  and  thus  constitute  an  afferent  path  from 
■ftbellum  to  cerebrum.  Those  fillers,  on  the  contrary-,  which  end 
in  t}ie  red  nucleus  are  brought  into  reflex  connection  with  the 
Mlor  bundle  (rubrospinal  tract),  extending  from  the  red  nucleus 
to  the  motor  centers  in  the  spinal  cord.  Making  use  of  the  cormec- 
tioBs  described  alxive.  Van  dchuchten  pictures  an  indirect  motor 
path  from  the  cortex  of  the  cerebnuiv  to  the  motor  nerves  by  way 
d  the  cerebellum  (see  Fig.  104).  The  motor  impi.d.ses  descend  by 
wiy  of  the  cortico-ponto-cerebellar  path  to  the  cere Ixr liar  cortex, 
tbajce  to  the  dentate  nucleus,  thence  to  the  red  nucleus,  and  then, 
by  »«y  of  the  rubrospinal  tract,  to  the  motor  nuclei  of  the  spinal 
Dares. 

Theories  Concerning  the  Functions  of  the  Cerebellum. — 
Modem  view^s  concerning  the  functions  of  the  cerebellum  may  be 
dttofied  under  three  general  head.s:  First,  tho.se  tliat  consider  it 
tpneml  oo-ordinatinj^centcr  or  organ  for  the  muscidar  movements 
tnTeapMStttyfdf  "l^se^  concerned  in  efiuilibriumi  and  locomotion. 
Tim  view,  first  propc^ed  es.sentially  by  Flourens  (1824),  has  l>een 
idopted  by  many,  perhaps  by  most,  writers  since  his  time.    The 

DaoiKr  in  which  the  organ  ser\'es  to  co-ordiimtfr  these  movements 
bas  been  explained  in  various  way.4.     According  to  the  older  ob- 

jmers,  it  was  supposed  .so  to  arrange  or  group  the  various  motor 
[ipuLses  that  they  reached  the  lower  motor  centers  in  the  cord 
•  See  Edityjer,  "Brain,"  29,  483,  1906. 
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in  the  necessarj'  combination  for  co-ordinated  oontractions.  Ac- 
coRling  to  more  rccont  o!>.ser\'ers,  this  synergetic  action  is  exor- 
cised not  directly  on  the  motor  side  of  the  reflex  but  on  the  sensor.* 
side.  The  numerous  sen.sory  paths  connected  with  the  organ, 
especially  those  of  the  muscular  sense,  and  those  from  the  vestibular 
nerv-e,  suggest  the  view  that  in  the  complex  cortex  of  the  cerpl)el- 
lum  these  afferent  iinjnilses  act  xipon  nervous  combinations  whose 
discharges  in  turn  are  con%'eycd  to  the  motor  centers  in  a  definite 
and  orderly  se<[uence.  Either  point  of  view  assumes  that  there 
are  in  the  eerebeUuni  certain  distinct  mechanisms — that  is,  combi- 
nations of  neurons  thtit  are  e.si^entially  reflex  centers,  and  that  in 
all  of  our  more  complex  !x)dily  movements  these  mechanisms 
intervene.  The  second  general  set  of  theories  regarding  the  cere- 
bellum assumes  that  this  organ  Ls  essentially  the  center  or  a  center 
for  the  muscle  sense.  This  view  is  connected  usually  with  the  name 
of  Lussana,*  but  has  lieen  supjxjrted  .since  in  one  sense  or  another 
by  many  observers.f  It  is,  in  fact,  not  essentially  different  per- 
hap.s  from  the  secontl  phase  of  the  first  group  of  theories.  'J'hose 
who  have  expressed  their  idea  of  the  phvsiologv'  of  the  cerelieUvmi 
by  saying  that  it  is  a  center  of  the  muscle  sense  have,  in  recent 
times  at  least,  recognized  that  this  sen.se  has  a  cortical  center  also  in 
the  cerebrum.  The  view  can  not  assume,  therefore,  a  conscious 
muscle  sense  me<liated  by  the  cerebellum,  but  only  that  fil>ers  of 
muscular  sen.sibility  have  a  cortical  termination  therein,  ancl  that 
the  cerelK'llar  activity  thus  aroused  is  in  some  way  n<'ccs8ary  to  the 
orderly  adjustm<'nl  of  eomph-x  voluntary  movemetits.  According 
to  another  point  of  view,  the  cereboliuui  is  a  great  augmenting 
organ  for  the  neiiromu.s<'ular  system.  It  is  added  on,  as  it  wi-re,  to 
the  cer-  i1  motor  system,  and  serves  not  to  co-f)rrlinate  the 

mot<ir  •  ,  's,  but  t.<j  increa.>*<'  their  .stn^igih  or  effect! veneiw. 

Tin."*  general  view,  first  projwwMl  by  Weir  Mitchell  (l.Stiy).  has  been 
supjKirted  by  Luys,  and  esjjecially.  although  with  imfxirtant  niCKii- 
ficjitions.  by  l.urtHni.t  Some  of  the  details  «»f  the  work  of  the 
latt»r  .  I  iw. 

Exi  '  the  Cerebellum. — Rolando,  and  par- 

U<-  'Um  (o  modern  expi>riment»tioD 

in  '    —     ~    IS  obeervations, 

rs-i  Moving  all  or  a 

pa  ihe  striking  rpadts 

"^  I  of  the  organ  la  re- 

,.e."5.  418.  IWUL 
a.  rivt 

,,  '  U  I'rrvrllfto. "  H««r 
; .  \\h>  Lucioni.  artirle 
viil  iii,  \»T^   "    I>    -*-W. 
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I  jDonri  l?ie  aniuuil  shovs's  a  most  dLstressing  inability  to  stand  or 
mow.  There  seems  to  be  no  miis<'ular  paralysis,  but,  at  first, 
■  total  lack  of  power  to  co-ordinate  properly  the  contractions  of  the 
'  nrious  muflclcp  involved  in  maintaining  equilibrium.  The  animal 
ItiicR  a  most  abnormal  jxjsition,  with  the  head  retracted  and 
twisted,  and  any  attempt  to  move  is  followed  l>y  violent  disorderl)' 
[•PBtraetioas  that  may  result  in  a  series  uf  invohmtarj'  somersaults, 
Miiinal  is  totally  unatile  to  fly.  When  the  injur>'  to  the  cere- 
['beftmi  is  less  the  effect  upon  the  movements  is  either  ton  slight 
to  be  DOticed  or  is  shown  in  a  greater  or  less  uncertainty  in  its 
aomnents.  When  it  attempts  to  walk,  for  instance,  it  exhibits 
«  9lHgeTing,  drunken  gait,  a  condition  designated  as  cerelxdlar 
aUuft.  Similar  operatioas  on  mammal'^  give  in  general  the  same 
I  tepoits.  If  the  operation  is  imilateral. — tliat  Is,  affects  only  one 
fatniigphere, — the  animal  (dog)  exhiliits  forced  movements,  such 
as  a  teDiienc>'  to  roll  around  the  long  axis  of  his  body  toward  the 
ujfond  side  and  subsequently  movements  in  a  circle  toward  the  same 
■dr.  In  man  there  are  several  cases  on  record  in  which  the 
organ  was  shown  by  autopsy  to  be  largely  or  completely  atro- 
l^phiftl,  and  numerous  cases  of  tumors  affecting  the  cerebellum 
^Bbve  also  been  reported.  In  the  latter  group  of  cases  there 
^■Bplie  c«trtain  marked  subjective  symptoms,  such  as  headache, 
^Hh  nperially  vertigo,  and  also  a  certain  degree  of  ataxia  or 
•wkwirdneas  and  uncertainty  of  movement,  together  perhaps  with 
mtansoT  spasms  in  which  the  muscles  assume  a  tonic  rigidity.  So 
thoiDthe  cases  of  atruphy,  in  which  probably  the  condition  devel- 
•padilowly  through  a  number  of  yt-ars,  a  degree  of  ataxia  was  ex- 
Uuted,  ^fwcially  when  the  ninvetnents  were  rapid  and  forced. 
In  ihe  ataxic  condition  resulting  from  tabetic  lesions  of  the 
fxKterior  funiculi  the  effect  upon  the  movements  is  increased 
by  puvering  up  the  eyes  (Ri)mberg's  sympt<uii),  the  indivi<lual 
^»ing  then  deprived  of  his  visual  stimuli  as  well  as  those  coming 
h\  way  of  the  muscular  and  cutaneous  nerves.  In  cerebellar 
lUita,  however,  the  effect  is  not  increased  by  closure  of  the 
««,  a  result  which  is  probably  explained  by  the  fact  that  the 
iodividuaJ  still  possesses  his  paths  of  muscular  and  cutaneous 
»<iwibility  to  the  cerebrum,  and  these  sen-ses  may  be  used  in  the 
fflejc  adjustments  of  voluntary   movements. 

Interpretation  of  the  Experimental  and  Clinical  Results. — 
Flourens  was  led  by  the  striking  results  of  his  o{>erat  iotis  on  pigeons 
to  mgpst  the  view  that  the  cerebellum  is  an  organ  for  the  co- 
[irrliiiatjon    of   the   movements   of   equilibrium    and    locomotion, 
bjpctions  were  raised  to  this  view.    Some  ob.scrvers   (Dalton, 
Teir  >Iitchell)  foimd  that  if  the  pigeons  frf)m  which  the  cerel>ellum 
iiieraoved  were  kept  long  enough  the  effects  first  observed 
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gradually  disappeared,  so  that  finally  the  animals  were  able  to 
move  or  fly  with  no  marked  difference  from  the  normal  animal 
except  that  fatigue  was  shown  much  more  quickly.  Hence  the 
view  advocated  by  Mitchell  that  the  essential  function  of  the 
cerebellum  is  that  of  an  augmenting  apparatus  for  the  voluntary 
movements.  With  regard  to  this  \iew  it  may  be  remarked  in 
pas!$ing  that  pigeons  with  the  cerebral  hemispheres  removeti  exhibit 
apF>arently  as  a  permanent  symptom  the  same  tendency  to  rapid 
fatigue  after  sustained  muscular  effort.  By  the  same  logical  process 
therefore  one  might  conclude  that  one  function  of  the  cerebrum 
is  that  of  an  augmenting  organ  to  the  motor  di-scharges  from  the 
cerebellum  or  midbrain.  So  also  the  cases  of  complete  or  nearly 
complete  atrophy  of  the  cerebellum  in  human  beings  in  which  no 
evil  result  followed  other  than  a  slight  degree  of  cerebellar  ataxia 
have  been  used  as  an  argument  against  the  view  that  this  organ 
is  necessarv'  to  the  co-ordination  of  the  complex  vohmtarv  move- 
ments. The  view  that  the  cerebellum  has  essentially  a  direct 
co-ordinating  function  has  been  criticized  most  seriously  by  Luciani. 
This  observer  made  a  series  of  long-continued  and  most  careful 
observations  upon  dogs  and  monkeys  in  which  the  entire  cere- 
bellum or  certain  definite  part*  had  lx?en  removed.  He  lays  stress 
upon  the  fact  that  the  \'iolent  disturbance  of  movement  is  tem- 
porary and  is  slowly  recovered  from  in  time.  He  was  led,  thereiore, 
to  view  these  disturbances  as  due  primarily  not  to  the  loss  of  the  nor- 
mal functional  activity  of  the  organ,  but  to  irritations  resulting  from 
the  operation.  When  this  stage  of  irritation  is  passetl  vhe  real 
defects  which  indicate  the  true  fimction  of  the  cerebellum  become 
apparent.  These  defects  exliibit  themselves  as  a  loss  of  power 
in  the  neuromuscular  apparatus  of  the  complex  voluntary  move- 
ments, and  he  analyzes  these  results  under  three  heads:  First, 
a  lass  of  force  in  the  muscular  contractions, — a  condition  of  asthenia; 
second,  a  loss  of  tone  in  the  muscles  of  the  limbs  and  trunk,  par- 
ticularly in  the  hind  limbs, — a  condition  of  atonia;  and,  third,  a 
loss  of  steadiness  in  the  muscular  contraction.s, — a  condition  of 
astasia.  The  asta.sia  manifests  itself  in  a  tremor  of  the  muscles 
when  voluntarily  contracted,  especially  in  movements  requiring 
much  exertion.  Luciani  supposes  that  this  tremor  is  due  to  an 
alteration — that  is,  a  slowing — of  the  rhythm  of  discharges  of  the 
impulses  from  the  motor  centers.  The  functions  of  tlie  cerebcHum 
on  his  thpor\  are  expres.sed,  therefore,  by  .saying  that  it  is  an  aug- 
niirii  iipj  ui::  in  for  the  activity  of  the  neummuscular  apparatus;  and 
thill.  SI)  Jar  as  this  augmenting  or  strengthening  actrvity  can  be  ana- 
lyzc<l,  it  consists  in  an  incrca.se  in  the  energ>-  of  the  moti;>f  tf|gojiarge« 
(sthenic  action),  an  increase  in  the  tension  or  tone 
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their  connected  inusi  Ir  ^  'tonic  action),  and  an  increase 
of  the  motor  irupulst-s  (static  action)  so  that  nor- 


y&Uy  the  rmj|^t»u1ar  contractions  are  of  the  nature  of  complete 
tet^ni.  Luciani  believes  that  this  action  of  the  cerebellum  is 
continuous,  although  varinng  in  intensity,  ami  that  it  afTccts  all 
of  the  musculature  of  the  body,  and  not  simply  the  muscles  con- 

■  cemed  in  body  equilibrium.  This  constant  motor  activity  is  in 
turn  dependent  upon  a  constant  inflow  of  sensory  impulses  Into 
the  cerebellum  along  its  afferent  connections,  particularly  u}X)n  the 
impulses  from  the  vestibular  portion  of  the  internal  ear,  and  those 
from  the  muscle  sense  fibers  and  similar  fibers  of  so-called  deep 
KBensibility.  The  constant  augmenting  activity  of  the  cerebellum 
f  is.  therefore,  a  species  of  reflex  effect,— ji  reflex  tonus  which 
affects  all  the  musculature.  Whether  the  cerebellar  mechanism 
is  especially  arranged  to  co-ordinate  its  effect  upon  the  neuro- 
muscular apparatus — that  is,  in  some  way  to  atlapt  the  move- 
■  ments  to  a  definite  end — Luciani  loaves  an  open  question.  He 
does  not  believe  that  a  lack  of  co-ordination  (cereliellar  ataxia) 
is  necessarily  present  in  cerebellar  lesions;  but  admits  that,  if  this 

I  symptom  is  an  invariable  one,  it  would  be  necessary  to  adil  to 
the  general  augmenting  activity  of  the  cerebellum  also  a  general 
adaptive  or  co-ordinating  activity.  It  is  precisely  this  latter  feature 
vbich  stands  out  in  the  minds  of  most  physiologists  as  the 
characteristic  function  of  the  cerebellum,  while  Luciani  considers 
that  it  is  not  demonstrated  by  clinical  or  experimental  facts,  and 
that  even  if  demonstrated  it  woukl  have  to  be  considered  as  a 

I  part — perhaps  a  subordinate  part — of  the  functional  influence  of 
this  organ. 
Conclusions  as  to  the  General  Functions  of  the  Cerebel- 
lom. — It  is  evident  that  an  authoritative  statement  of  the  function 
or  functions  of  the  cerebellum  is  impossible.  It  seenxs  quite  clour, 
however,  that  the  organ  exerts  a  regulating  influence  of  some  kind 
upon  the  neuromuscular  apparatus  of  our  so-called  voluntary 
movements.  The  preci.se  nature  of  the  regulating  influence  is  in 
dtspiite,  and  one  who  reads  the  literature  finds  it  difficult  at  times 
to  separate  clearly  the  difft^rent  theories  proposed,  since  some 
authors  are  content  with  general  statements  and  others  attempt 
a  more  specific  analysis.  On  the  whole,  it  seems  desirulile  at 
^present  to  hold  to  the  geneniJ[idoa^.  introduced  by  Mnurens,  that 
an  is  a  central  organ  for  co-ordination  of  ^■oluntary 
>\  ■  parTicularly  the  more  complex  movements  necessary 

in' equilibrium  and  locomotion.  Instead,  however,  of  a,s.suming 
Vith  Flourens  that  the  cerebellum  contains  a  co-ordinating  principle, 
,  an  expression  that  means  nothing  at  j)resent,  we  nuiy  a.ssumo  that 
Jt  exerts  its  co-ordinating  influence  by  virtue  of  the  definite  nervous 
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mechanisms  contained  in  it — that  is,  by  nen-ous  complexes  which, 
on  the  afferent  side,  are  connected  witli  the  peripheral  sens4»r>' 
nerves  to  the  vcsttt^ule  of  the  ear,  the  iniiscies,  joints,  etc.,  and  on 
the  efferent  side  are  in  direct  or  indirect  relations  with  the  niotor 
areas  of  the  brain,  as  well  as  the  motor  centers  in  the  cord.  Co- 
ordinated movements  requiring  the  combined  anil  sustained 
activity  of  a  number  of  muselpii  depend  in  some  way  u|wn  a  com- 
bination of  the  activity  t»f  these  nieciianisnLs  with  the  ilisc-liarging 
mechanisms  farther  forward  in  the  brain  (cerebrum).  Whether 
this  coactivity  consist-s  in  the  a<ldition  of  a  tonic  element  to  the 
impulses  proceeding  from  the  cerebrum,  as  wouhl  be  implied  by 
the  results  of  Luciani's  experiments,  or  whether  the  cerebellum 
participates,  through  .some  form  of  repre.sentation  of  tliese  move- 
ments,* based  upon  the  afferent  impulses  received  through  the 
paths  already  described,  cannot  be  settled  at  present,  but  what- 
ever may  be  its  character,  this  influence  seems  to  be  necessaiy  for 
the  normal  efficiency  of  complex  co-ordinated  movements.  The 
fact  that  in  birds  as  well  as  in  higher  forma  the  animal  eventually 
learns  to  co-ordinate  such  movements  after  the  loss  of  the  cerebel- 
lum does  not  invalidate  this  eonclu.'^ion.  In  the  first  place,  the 
recovery  in  such  eases  is  not  entin-ly  conij^lete,  since  some  ataxia 
is  still  manifested  in  vigorous  or  hurried  movements,  and  the 
amount  of  restoration  of  normal  activity  which  is  obtainetl  may 
be  referred  to  a  possible  adaptation  or  training  in  the  cerebral 
portion  of  the  mechanism.  The  relative  piarts  taken  by  the 
cerebellum  and  the  cerebrum  in  such  movements  varj'  probably  in 
different  animals  and  in  difSerent  movements  in  the  same  animal. 
R<'inoval  of  the  cerel>rum  from  a  pigeon  leaves  an  animal  with 
almost  perfect  power  of  controlling  its  etpiililirium.  In  the  dog  a 
similar  operation  is  followed  by  a  longer  period  of  inability  to  con- 
trol perfectly  the  movements  of  locomotion,  and  it  is  probable 
that  in  man  after  such  an  operation  the  power  of  locomotion  would 
be  acquired  more  slowly,  if  at  all.  On  the  other  hand,  the  violent 
effect  upon  such  movements  caused  by  the  removal  of  the  cerebel- 
lum in  the  pigeon  is  less  evident  in  the  dog,  and,  if  we  may  judge 
from  the  incomplete  data  of  clinical  neurology,  very  much  less 
evident  in  man.  In  nxan  the  motor  control  of  the  voluntary 
muscular  system  through  the  cerelirura  is  more  highly  developi-d 
than  in  the  lower  animals. 

Lewandowsky'sf  suggestion  that  normally  in  man  the  finer, 
more  conscious  movements  of  the  body  are  controlled  directly 
from  the  cerebrum,  while  the  subconscious  or  dimly  conscious 

•  See  Horsley,  "Brain,"  190G,  44f>. 

t  Ix'ivmnlowskv.  "An'hiv  f.  Pliv.-^ioloKie."  IWKl,  129:  see  also  Kohnstamni, 
"Arehiv  f.  d.  gesammte  Ph.v.siologie,"  89,  240,  1902. 
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lovements  of  locomotion  and  equilibrium,  wliich  are  of  a  more 
'sustained  or  tonic  charact/or,  arf  regulated  through  the  cerebellar 
centers  seems  to  be  in  accord  with  the  facts  known. 

The  Psychical  Functions  of  the  Cerebellum. — In  the  cerebel- 

hun,  as  in  the  other  nen'e  centers  l>elow  the  cerebnini,  we  have  to 

,  considerthe  jxiKsibility  of  a  psychical  or  con.scious  .side  to  the  activity 

of  the  organ.     It  seems  clear,  however,  that  the  degree  of  cortscious- 

hDess,  if  any,  exhibited  by  the  cerebellum  is  of  a  much  lower  order 

[than  that  shown  by  the  cerebrum.     All  ohscr^'ers  agree  tlmt  there 

[is  no  apparent  loss  of  sensatit)n.s  after  removal  of  the  cerel>elluni, 

fbut  Luciani,  Rus.st'll,  and  iither.s  state  their  belief  that  in  some 

[indefinable  way  tlie  mentality  of  the  animal  is  affected  by  such 

)peration8.     Whatever  functions  of  this  kind  are  present  we 

define  only   by   the   un.'^atisfactory   term   of  sul)conscious 

aher   than   unconscious.     As   far  as  can   be   determined,   this 

jffect  i.s  felt  mainly  upon  the  muscular  sense  ami  the  sense  of 

lircrtion. 

Localization  of  Function  in  the  Cerebelliun. —  All  observers 
ree  that  so  far  as  the  influence  of  the  cereiielhim  oiv  the  muscula- 
of  the  body  is  concerned,  it  is  homolateral,-  -that  is.  each 
of  the  cerebellum  is  connected  with  its  own  h.alf  of  tlie 
«ly.  The  connection  with  the  motor  area.s  of  the  l>rain  i.s  the 
averse,  tbe  light  hoif-oliiie  cerebrum  being  in  relation  with  the 
half  of  the  cereVjelluni.  These  relation.*!  are,  in  the  main, 
out  by  the  anatomical  course  of  the  motor  and  sensory 
)3ths  described  above.  There  arises,  liuwever,  the  question 
(heiher  or  not  there  is  a  localization  of  function  in  the  cere- 
rllum,  that  is,  whether  dehnite  part.s  of  the  cerebellar  cortex 
tre  in  specific  relations  with  se{)arate  muscles  or  groups  of 
•.uscles.  Tlie  po.ssil)ility  of  a  localization  of  function  was 
iggested  years  ago  by  experiments  made  by  Ferrier,  in  which 
lectrical  stimuhition  of  the  cortex  gave  definite  movements 
the  head,  limbs,  and  especially  of  the  eyes,  the  movements 
rarying  somewhat  according  to  the  part  stimulated.  These 
esults  were  not  wholly  confirmeil  by  later  observers.  Horsley 
^nd  Clarke*  state  that  such  strong  stinmli  are  required  to  obtain 
decisive  effect  from  the  cortex  of  the  cerebellum  tliat  it  nuiy  be 
jucMtioned  whether  in  positive  ca.ses  the  result  is  tlue  td'  excita- 
i<»n  of  the  cortex  it.self  or  to  an  e.'^cape  of  ."Stimulus  to  the  under- 
ring  nuclei.  Direct  stimulation  of  tfie  dentate  nut-leus  gave 
tbem  conjugate  movements  of  the  two  eyes.  These  indications 
lociillzation  have  been  strengthened  by  the  results  of  coni- 
rtive  anatomy  and  especially  by  the  effects  of  ablation  of 
definite  parts  of  the  cortex.     Earlier  experimenters,  using  the 

♦  Horsley  and  Clarke,  "  Brain,"  28,  13,  1SKJ5. 
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method  of  ablation,  obtained  quite  negative  results  from  the 
standpoint  of  localization,  but  this  seems  to  have  been  due  to 
the  fact  that  a  faulty  anatomical  schema  was  used ;  a  whole  hemi- 
sphere, or  the  entire  vermiform  lobe,  etc.,  was  removed.  Later 
experimenters*  have  adopted  the  newer  anatomical  schemata, 
which  take  account  of  the  true  genetic  relations  of  the  various 
lobes  anil  lobules  of  the  cerebellum,  and  they  have  been  rewarded 
by  obtaining  results  of  a  positive  character.  The  newer  anatomical 
nomenclature  is  illustrated  in  Fig.  105,  which  gives  a  schematic 
representation  of  the  arrangement  of  the  lobules  of  the  cere- 
bellum of  the  dog,  according  to  Bolk.  Following  this  schema 
van  Rynberk  reports  that  excision  of  the  lobulus  simplex  is 


Fie.  Ik^>  --{Vhrnia  of  il><i:'>  ovrt>l«>lluin  to  >liv>»  Bolk'j>  noni«nrl«ture  for  the  Inbn  and 
fuln  IV>r«l  virw  '  f.«i.  I<>l>ii>  aiiirnor  .t\\i*  lolw  ik  M-itaraied fmni  the  Untrrpowterior lobe 
b\  the  (b-rp  pniiiar>'  ti>'''-in>.  Su'^  :  I.*,  lolnihi*  >iiiiplex  ;  Lant.  lobulu*  au»ifonnis ;  Lp, 
k^Hilti-i  iwniiiiolianii-  .  I.np.  lobuhi^  inovl:an\i>  i>->*terior :  Fr.  fomialis  vermiculari*  (para 
t»nv.llan<^  .  ("•.  et\i»  pnsiuiin  .  <^.  cr.i-  -riruv.^lm:.  :  Sp^.  sulrU5  priniarius ;  Sp,  sulcu* 
pamntntianiiy  ;   .<i.  Milous  iiiirni-nin>h>       ■  \f»er  ;«-.  Kywrk.t 

folKnvtsi  by  iju>voin«:»nt!5  of  t!u^  head  «head  nystagmus),  which 
indioato  an  abnormal  innt»rvatii>n  of  tlio  neck  muscles.  Injury 
on  on*»  sidoot  tho  orus  prinuim  of  iht^  liusiform  lobule  is  followed 
by  abnv»rmal  tnovoinonisof  the  forvfoot  of  the  same  side,  while 
siiv.ilar  i:;iurit»s  u»  xhi'  on:s  stvi'.uilu::-  rt^sult  in  abm>rmal  move- 
'.v.er.Ts  Kvalirtvi  to  t!u'  !'.i:id  foot.  Kxtirpation  of  a  lobulus 
psrAtv.tsiianv.s  oauM^s  ro'.liiu:  :v.ovo;r.iM:*s  round  the  long  axis 
oi  iho  btsiy  or  bt')uiir.c  o!  ::-,»■'  '.^>v:y  :«<  or.t^  side  •.  pleurothotonus). 
It  is  to  U»  t»\:HV!tsj  tV...:  o\:»:.<i<:-.  ot  :his  work  will  thrt>w  much 
li^tht  u|VM^  tl;t»  "tMvit-.o  rt^I;.t:>v.>  .:"  ::.o  cortex  of  the  cerebellum 
to  tho  Jv.r.s*'ul.sT'.:r«»  o:  t!-.o  \«.\:\ . 

Tl»«  MedulU  Oblongata.  Iv.  ::.t^  •.v.o.ir.'la  oblongata  we  must 
TW^^n^ijo  A  rt»i:ion  o:  ^:Hv:;i'.  v:\  si  ■.••c:oa'.  i:r.p*>rtance  in  that  it 

•\*n   U\r.Urk.      vninr*!   U«x.-. «  ■.:;  i'rp-^nwse  dw  Physiotogie, "  7, 
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f  certain  centers  which  control  the  activity  of  the 
^H&d  respirators'  organs.  If  the  medulla  is  severed 
the  portion  of  the  brain  lying  anterior  to  it  the  animal  con- 
IliBoe  to  live  for  a  considemhle  period.  The  respiratory  move- 
are  performed  rhythniinally,  and  the  blood-vessels  retain 
Ittdr  tooe  so  as  to  maintain  an  approximatrly  normal  blootl-prcssnrc. 
iOk  Uv  eonlrary,  destruction  of  the  medulk.  or  severance  of  its 
ItOfiBections  with  the  underlying  parts,  is  followed  by  a  cessation 
ifmpiration  and  a  loss  of  tone  in  the  arteries,  either  of  which 
IBiiittiii  the  rapid  death  of  the  organism  as  a  whiile.  The  port  ions 
'  if  the  nedutla  which  exercise  these  inijwrtnnt  functions  are  desig- 
[raitcd.  respectively,  as  the  respiraton-  and  the  vasomotor  or  vaso- 
itMtrictor  centers.  Their  location  ami  to  some  extent  their  con- 
IBRtJoa'^  have  been  detennincd  by  physiological  exixriments,  but 
ilolwit  has  not  l)een  possihlo  in  mark  out  histologically  the  exact 

iipaof  celbi  concerned.    The  position  and  physiological  properties 

tfaeM  centers  are  described  in  tiie  sections  on  respiration  and 
These  centers  are  of  esjx^eial  iinjxjrtanee  liecause  of 
' thfir  wTile  connections  with  the  body,  their  essentially  independent 
^»rtiviiy  in  reference  to  the  higher  parts  of  the  brain,  and  the  abso- 
ntotsvAty  character  of  tlie  regulations  they  effect.  In  the 
'dndopment  of  the  brain  the  functions  originally  mediated  by  the 
b«w  part*  have  been  transferred  more  and  more  to  the  higher 
fUtSrOBpecially  in  regard  to  conscious  sensation  and  motion,  and 
Utoflo-ealled  higher  psychical  activities,  But  the  unconscious  and 
iBvohmlark'  regulation  of  the  organs  of  circulation  and  respiration 

[to a  certain  extent  of  the  other  visceral  organs  has  been  ccn- 
■6  it  were,  in  the  medulla.  In  addition  to  the  control 
(/the  respiration  and  circulation  other  ini{}t>rtant  reflex  activities 
■re  effect^^l  through  the  medulla  by  means  of  the  vagus  nerve, 
which  has  its  nucleus  of  origin  in  this  part  of  the  brain.  Such,  for 
iofltatioe,  are  the  reflex  control  of  the  heart  through  the  cardio- 
Ul9)itoi;>'  center  and  of  the  mot  inns  antl  secretions  of  the  alimentarv 
eanal. 

The  Nuclei  of  Origin  and  the  Functions  of  the  Cranial 
Verres. — The  origin,  course,  anatomical  and  jyhysiolngical  relations 
of  the  first  or  olfactorj',  second  or  optic,  and  eighth  or  aiiditory 
BHTes  have  been  referred  to  in  the  preceding  pages.  For  the 
ake  of  oc»mplet-enes.«t  the  origin  and  functions  of  the  other  cranial 
Bwves  may  be  summarized  briefly  in  this  connection. 

The  Third  Cmnidl  Nerve  {N.  Octthmotonus). — This  nerve  arises 
fn«n  the  base  of  the  brain  on  the  median  side  of  the  corrfsjTonding 
pedunculua  cerebri.  It  is  a  motor  nerve  supplying  fibers  to  four 
of  the  extrinsic  muscles  of  the  eyeballs — namely,  the  internal 
rectus,  the  superior  rectus,  the  inferior  rectus,  and  the  inferior 
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oblique — and  to  the  levator  palpebrs.  It  innervates  also 
two  important  intrinsic  muscles  of  the  eyeball,  t&e  ciliary 
muscle  used  in  accommodating  the  eye  in  near  vision,  and  the- 
sphincter  of  the  iris,  which  controls  in  part  the  aiae  of  the  pupil. 
These  two  latter  muscles  belong  to  the  tyipe  of  plain  muscle, 
and  the  fibers  of  the  third  nerve  which  innervate  them  terminate 
in  the  ciliary  ganglion,  whence  the  path  is  continued  by  ^m- 
pathetic  nerve  fibers  (postganglionic  fibers)  to  the  muscles.  In 
the  interior  of  the  brain  the  fibers  of  the  third  nerve  arise  from  a 
conspicuous  nucleus  or  collection  of  nuclei  situated  in  the  cm- 


Edincar-WMtphal  w 
Priudpal  nodcni 
Median  aoelMiL 


NucImm  of  4th 


Fin.  107.— NufWi  of  orinin  of  the  third  mnd  ibarth  nenrea. — (From  Pmriir  mmd  Chmpg-i 

tral  gray  matter  of  the  midbrain  at  the  level  of  the  superior  col- 
liculus.  The  fibers  for  the  ciliary  muscle  and  sphincter  pupillc 
arise  more  anteriorly  than  those  for  the  extrinsic  muscles.  Hia- 
tologically  three  parts  at  least  may  be  distinguished,  as  shown  in 
Fig.  107,— namely,  the  lateral  (or  principal)  nucleus,  which  gives 
origin  chiefly  to  the  fillers  innervating  the  extrinsic  muscles;  the 
jne<ii»n  nucleus :  and  the  nucleus  of  Fxiinger- Westphal.  According 
to  liernheimer*  the  large  median  nucleus  gives  rise  to  the  fibeiB 
that  innervate  the  ciliary  muscles,  while  the  Edinger-Westphal 
nuclei  (accessory  nuclei)  control  the  movements  of  the  sphineter 
muscle  of  the  irb.  Some  of  the  fibers,  particularly  those  from 
*  IWrnheimer.  in  "  Graefe-Soemiflcira  liandbueh  dar  gM.  Augenbdllnadlb'* 
2a  ed.,  I.  41. 
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pedunculua  cerebri  to  reach  the  base  of  the  brain.  It  is  a  moto^ 
nerve,  and  supplies  fibers  to  the  superior  oblique  muscle  of  th^ 
eyeball.  In  the  interiiir  t)f  the  brain  the  fibers  arise  from  ei 
nucleus  in  the  central  pray  matter  just  posterior  to  that  of  the 
third  nerve  [Fig.  107).  The  filters  pass  dorsahvard  toward  thOj 
velum  and  make  a  complete  decussation  before  emerging. 

The  Fifth  Cranial  Nerve  (N.  Trigetmnun). — This  nerve  arised 
from  the  side  of  the  pons  by  two  roots,  a  small  motor  root,  portio' 
uu'nor,  and  a  huge  sen.sory  root,  portio  major.     It   is,  tberefore, 
a  mi.xed  motor  and  sensory  nerve,  supplying  motor  fiber.s  to  the 
muscles  of  nia.stipatitm  and  sensury  fibers  of  pressure,  pain,  and 
temperature  to  the  face,  the  forepart  of  the  scalp,  the  eye,  nose, 
portions  of  the  trnv,  rnoutli,  and  tongue,  and  tn  the  dura  mater 
(Fig.  108).     In  the  iuterior  of  the  brain  the  motor  portion,  portiOj 
minor,  arises  partly  from  a  small  nucleus  in  the   pons  and   partly 
fi-om  a  long  cohunn  of  cells  extending  along  the  lower  margin  of  thej 
central  gray  matter  throughout  the  midbrain.     This  column  and, 
the  fibers  arising  from  it  constitute  the  tlescending  motor  root  of  the! 
fifth  nerve  {see  f''ig.  109).  Tht;  sen.><or>'  libel's  origuiate  from  the  ner\"ei 
cells  in  the  Ga.s.seriau  ganglion  (g.  semilunare).     The  branch  that; 
enters  the  brain  ends  partly  in  a  collection  of  cells  in  the  pons,  thej 
so-caUed  .sen-iory  nucleus,  and  partly  in  a  colunm  of  cells  extending 
posteriorly   throughout   the   length  of  the  medulla.     These  cells: 
and  the  fibers  ending  in  them  constitute  the  descentling  spinal  root! 
of  the  fifth  nerve  (see  Fig.  106).  I 

The  Sixth  Cranial  Ncroe{N.  Abducens). — ^ThLs  nerve  arises  from; 
the  base  of  the  brain  at  the  posterior  edge  of  the  pons.  It  Ls  a  motof; 
nerve,  and  supplies  liliers  to  the  external  rectus  muscle  of  the  eye- 
ball. In  the  interifir  of  the  braui  its  fibers  originate  in  a  small  spheri- 
cal nucleus  lying  beneath  the  floor  of  the  fourth  ventricle.  Con- 
nections have  been  traced  between  this  nucleus  and  the  pyramidal^ 
tract  of  the  opposite  side  (Fig.  106). 

The  Seventh  Cranial  Nerve  (N.  Facialis). — This  nerve  appears 
on  the  base  of  the  brain  at  the  inferior  margin  of  the  puns,  lateral 
and  somewhat  posterior  to  the  emergence  of  the  sixth  nerve.  It 
is  mainly  a  motor  nerve,  l)Ut  carries  some  sen.sory  fibers  (fi1»ers  of' 
taste  and  general  sensibility)  received  through  the  n.  intermedius  of 
Wrisberg.  The  motor  fibers  of  the  nerve  supply  the  muscles  of  the 
face,  part  of  the  scal]>,  and  the  ear,  including  its  intrtasic  muscles, 
and  in  addition  secretory  fibers  are  supplied  to  the  subma?cillary 
and  sublingual  glands.  Within  the  brain  these  fibers  ari.se  from  a 
consj»icuous  nucleus  ui  the  tegmental  region  of  the  pons  lying 
ventral  to  the  nucletis  of  the  sixth,  beneath  the  middle  of  the  fourth 
ventricle  (Fig.  106).  The  sen.sory  fibers  of  the  ner\'e  of  Wrisl^ei^ 
originate  in  the  ner\'e  cells  of  the  geniculate  ganglion. 
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le  Ninth  Cranial  Nerve  {N.  Glossnpharnngetis)  arises  from  the 
side  of  the  medulla, — the  restifonn  bo<Iy.  It  is  a  mbced  nen-e, 
supplying  motor  fibers  to  the  muscles  of  the  phari'nx  and  the  base 
of  the  ton^ie  and  secretorv  fibers  to  the  parotid  gland.  Within 
the  brain  th&se  fibers  arise  from  two  motor  nuclei  common  to  this 
and  the  tenth  nerve, — namely,  a  dorsal  nueloiis  below  the  flour  of 
the  fourth  ventricle  and  a  smaller  Vfntral  nucleus,  n.  amljigims, 
in  the  reticular  substance  of  the  t«'gmentum  (Fig.  106).  The  .sensor>' 
fibers  supply  in  part  the  mucous  membrane  of  the  tongue  and 
phar>'nx,  the  tympanic  cavity,  and  the  Eustachian  tube.  These 
fillers  arise  from  cells  in  the  two  ganglia  on  the  tnmk  of  the  nerve, 
the  ganglion  superius  and  g.  petrosiim.  The  branches  from  these 
cells  tliat  pass  into  the  medulla  tcritiinate  in  the  nucleus  of  the  ala 
cioerea. 

The  Tenth  Cranial  Nerve  {N.  Vagus  or  Pneujuoga-^irieus) . — This 
nerve  arises  from  the  side  of  the  medulla  posterior  to  the  origin  of 
the  glossopharyngeal  nerve.  It  is  also  a  mixed  nerve,  with  an 
extensive  distribution  to  the  respiratorv  and  tligesti^e  organs  and 
the  heart.  Its  efferent  or  motor  fibers  arise  within  the  brain  from 
the  same  masses  of  cells  that  give  rise  to  the  motor  fibers  of  the 
glo8sophar}mgeal.  These  fibers  siipjjiy  the  intrinsic  muscles  of  the 
lar>-nx,  esophag\u5,  stomach,  small  intestine,  and  part  of  the  large 
intestine.  Inhibitory  fibers  are  carried  to  the  heart  and  secretory 
filers  to  the  gastric  and  pancreatic  glands.  Its  sensor\'  or  afferent 
fibers  are  distributed  to  the  mucous  membrane  of  the  larynx, 
tmchea,  and  lungs,  and  to  the  mucous  membrane  of  the  esophagus, 
stomach,  intestines,  and  gall-bladder  and  ducts.  These  fibers 
arise  from  ceUs  in  the  ganglia  on  the  tnink  of  the  ner\'e,  the  gan- 

)n  jugulare  and  g.  nodosum.  The  branches  from  the^e  cells  that 
into  the  medulla  terminate  in  t  he  gray  matter  of  the  ala  cinerea. 

The  Eleventh  Cranial  Serve  (A'.  .4 fcfssc/nu.'t).— This  nerve  is 
usually  described  as  arising  by  upper  roots  from  the  medulla,  and 
by  a  series  of  lower  mots  from  the  spinal  cord  as  low  as  the  fifth 
to  the  seventh  cervical  segment.  It  is  a  motor  nerve,  supplying 
fibers  to  the  stemomastoid  and  trapezius  muscles.  The  medullary 
branches  arise  from  the  posterior  jx:irtion  of  the  dorsal  motor 
nucleus  which  gives  origin  to  the  vagus,  Avhile  the  s|)ina]  branches 
originate  from  cells  in  the  anterior  horn  of  the  gray  matter  of  the 
coni  (Fig.  100). 

The  Tvrlfth  Crainal  Nerve  (N.  Hypoglossus). — This  nerve  arises 
from  the  medulla  in  the  furrow  between  the  anterior  p}Tamid  and 
the  olivars'  bo<ly,  It  is  a  motor  nerve,  supplying  the  muscles  of 
the  tongue  and  the  extrinsic  muscles  of  the  laryn.x  and  hyoid  bone. 
Within  the  brain  these  fibers  originate  from  a  distinct  nucleus 
Iving  in  the  floor  of  the  fourth  ventricle  near  the  mid-line  (Fig. 
1*06). 
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CHAPTER  XII. 

THE   SYMPATHETIC   OR   AUTONOMIC  NERVOUS 
SYSTEM 

The  chain  of  nerve  ganglia  extending  on  each  side  of  the  spina] 
column  to  the  cocc\'x  is  known  as  the  sympathetif:  nervous  system. 
This  name  \vas  given  to  the  structure  under  the  misapprehension 
that  it  constitutes  a  nerve  pathway  through  which  so-called  s>Tn- 
pathetic — or,  as  we  now  designate  them,  reflex  actions  of  distant 
organs  are  effected.  It  was  supposed  to  arise  from  the  brain  by 
branches  connected  with  the  fifth  and  sixth  cranial  nerves.*  We 
now  know  that  this  system  consists  of  a  series  of  ganglia  or  col- 
lections of  nerve  cells  coimected  with  each  other  and  connected  also 
with  the  spinal  nerves.  Strictly  speaking,  the  term  sympathetic 
system  is  applicable  only  to  the  chain  of  ganglia  which  begins  with 
the  superior  cervical  ganglion  at  the  base  of  the  skull  and  ends 
with  the  ganglion  coccygeum.  There  are,  however,  other  outlying 
nerve  ganglia  with  or  without  specific  names  which  from  a  physio- 
logical and  indeed  from  an  anatomical  standpoint  belong  to  the  same 
group.  In  the  abdomen  we  liave  the  so-called  prevertebral  gan- 
glia, the  celiac  ganglion,  from  which  arises  the  celiac  plexus,  the 
superior  mesenteric,  and  the  inferior  mesenteric  ganglion  giving 
rise  to  the  hypogastric  nerve.  These  ganglia  He  ventral  to  the 
sympathetic  trunk,  but  are  in  direct  connection  with  it.  In  the 
heail  region  the  ciliarj-,  sphenopalatine,  and  otic  ganglia  are 
also  of  the  same  typo.  More  peripherally  are  numerous  other 
ganglia  lying  in  or  around  the  various  \'isceral  organs,  such  as  the 
submaxillarv'  ganglion  iTcar  the  duct  from  the  corresponding  gland, 
the  cardiac  ganglia  in  the  lieart,  an<l  the  extensive  system  of  nerve 
cells  in  the  walls  of  the  alimentary  canal  known  as  the  plexuses 
of  Meis-sner  and  Auerhach.  With  the  exception,  perhaps,  of  this 
last  system,  whose  histological  .stnicture  luul  connections  are  not 
satisfactorily  known,  all  of  these  ganglia  are  frequently  designated 
as  sympathetic,  and  from  a  physiological  as  well  as  an  anatomical 
standixiint  may  lie  con.sidereil  with  the  ganglia  of  the  sympathetic 
tnmk  or  chain.  Langley,  who  has  contributed  greatly  to  otir 
knowledge  of  the  finer  anatomy  and  the  physiology  of  this  system, 
has  recently  propf)Sed  a  different  classification. f 

•ChiirJes  Di-]].  "The  Nprvmii*  System  of  tlie  Human  Btxly,"  third  edi- 
tion, London,  1S44,  p.  9. 

t  Schafer'i*  "  Text-book  of  Physiology,"  1900,  vol.  ii  ;  "  Krgebnisse  der 
Phyjdologie,"  1&03,  vol.  ii,  pftrt  ii,  p.  823  ;  also  "  Brain,"  1903,  vol.  xxvi. 
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Autonomic  Nervous  System. — Aceording  to  Langley,  the 
efferent  fibers  from  the  nerve  cells  of  the  sympathetic  and  re- 
lated ganglia  supply  the  plain  muscle  tissues, 
the  cardiac  muscles,  and  the  glantls, — that  is, 
[the  organs  of  the  involuntary  or,  according  to 
an  old  nomenclature,  the  vegetative  processes 
of  the  body.  He  proposes  for  this  entire  sys- 
tem of  efferent  fibers  the  term  autonomic,  to 
[indicate  that  they  possess  a  certain  independ- 
fence  of  the  central  nervous  system.  The  au- 
tonomic system  is  contrasted  physiologically 
and  anatomically  \\4th  the  efferent  .spinal  and 
cranial  fibers  that  supply  tixe  striated  or  volun- 
tar}*  musi'les:  physiologically  in  the  fact  that 
this  latter  group  of  fibers  is  entirely  dependent 
upon  activities  of  the  central  nervous  system, 
and  anatomically  in  the  fact  that  the  auto- 
nomic fibers,  although  arising  ultimalely  from 
the  central  nervous  system,  all  pii.s.s  to  their  pe- 
ripheral tissues  b>-  way  of  sympathetic  nerve 
[cells.  The  autonomic  path  consists  of  two 
)ns  :  one  belonging  to  the  central  nervous 
I,  whose  axon  emerges  in  one  of  the  spinal 
or  cranial  nerves  and  ends  around  the  dendrites 
of  a  s>Tnpathetic  cell;  and  one  occurring  in  some 
one  of  the  numerous  sympathetic  ganglia,  whose 
axon  passes  to  the  peripheral  tus.sue.  The  first 
axon  is  spoken  of  as  the  preganglionic  filjer,  the 
second  as  the  postganglionic  filter.  Their  con- 
nections are  represented  in  the  accompanying 
sebema  (Fig.  110). 

Pliysiologii-al  and  anatomical  investigations 
^^have  shown  that  autonomic  nerve  fibers  arise 
^Bfrom  four  regions  in  the  central  nervous  system 
^■(Fig.  Ill):    First,  from  the  midbrain,  emerging 
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in  the  third  cranial  norvo  and  passing  ^-ia  the  cilian-  ganglion  ^ 
sccf)H(l,  from  the  bulbar  region,  emerging  in  the  seventh,  ninth,  and 
tenth  cranial  nerves;  thinl.  from  the  thoracic  spinal  nerves  (first- 
thoracic  to  fourth  or  fifth  lumbar)  and  passing  in  general  via  the 
ganglia  of  the  sympathetic  chain;  fourth,  from  the  sacral  region 
by  way  of  the  so-called  nervus  erigens  supplying  the  descending 
colon,  rectum,  anus,  and  genital  organs.  The  autonomic  fibers  at 
their  origin  in  the  central  nervous  system — that  is,  while  pregan- 
glionic fillers — are  all  jKissessed  of  a  small  me<lu]lated  sheath, 
having  a  diameter  of  1 .8  /i  to  4  /t.  The  postganglionic  fiber  is  in 
most  case^  non-tneduUated,  b»it  this  is  by  no  means  an  invariable 
rule.  In  many  cases  the  a.xons  from  sympathetic  cells  p>os3e38 
distinct,  although  small,  myelin  sheaths. 

The  Nicotin  Method. — The  course  of  the  autonomic  fibers 
has  been  traced  in  many  cases  to  their  corresjxHiding  sympathetic 
nen'e  cells  partly  by  the  method  of  secondary  degeneration  and 
partly  by  the  use  of  nicotin,  as  first  descril>ed  by  Langley  and 
Dickinson.*  These  authors  have  shown  that  after  the  use  of 
nicotin,  either  injecteti  into  the  circulation  or  paints  upon  the 
ganglion^  stimulation  of  the  preganghonic  fiber  in  any  part  of  its 
course  fails  to  give  any  re-sponse,  while  stimulation  of  the  post- 
ganglionic fiber,  on  the  contrary,  is  stilJ  eflfective.  It  would  seem, 
therefore,  that  the  nicotin  paralyzes  the  connection  of  the  pre- 
gangUonic  fiber  with  the  sympathetic  nerve  cell,  and  by  means 
of  the  local  application  of  the  dnig  it  is  possible  in  many  cases 
to  pick  out  the  ganglion  in  which  the  preganglionic  fiber  really 
ends.  For  it  often  happens  that  in  the  sympathetic  trunk  a 
preganglionic  fiber  will  pass  through  several  ganglia  l>efore 
making  final  connections  with  a  sympathetic  cell.  So  far,  the 
course  of  the^e  fibers  has  been  traced  most  successfully  in  the 
case  of  the  nerves  sujiplying  the  sweat-glands,  blood-vessels,  and 
especially  the  erector  tiiuscles  of  the  hairs,  the  so-called  pilomotor 
nerve-fibers.  The  visiljle  result  of  stimulation  in  the  last  case 
gives  a  ready  means  of  determining  the  presence  of  the  fibers. 

General  Course  of  the  Autonomic  Fibers  Arising  from  the 
Spinal  Nerves. — It  ha.s  ]ori<r  been  known  that  the  spina]  nerA'cs 
are  connected  with  many  of  the  jianglia  of  the  sympathetic  chain 
by  fine  branches  known  as  the  rami  communicantes.  In  the  tho- 
racic and  lumbar  regions  (first  thoracic  to  second  or  fourth  lumbar) 
these  rami  consist  of  two  parts,  a  white  and  a  gray  ramus,  the 
diflercnce  in  color  being  tjue  to  the  fact  that  the  white  mmi  arc 
composed  almof^t  entirely  of  niedulllatcd  fillers,  while  the  gray  rami 
are  largely  nou-mcdullated.  In  the  cervical,  lower  himbar,  and 
sacral  regions  the  rami  consist  only  of  the  gray  part.  Physiological 
•  "  Prweediiigs,  Royal  Society,"  1889,  46,  423. 
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iments  show-  that  the  white  rami   consist   of  prefranplionic 
that  arise  from  nerve  cells  in  the  spinal  cord,  pass  out  by 
way  of  the  anterior  roots,  enter  the  white  ramus,  and  thus  reach 
,the  s\Tnpathetio  chain.     On  entering  this  latter   the   fiber   may 
ot  end  at  once  in  the  ganglion  at  which  it  enters,  but  may  pass  up 
or  down  in  the  chain  for  some  distance.     Eventually,  however,  it 
ends  around  a  sympathetic  nerve  cell  and   the  path  is  then  con- 
tinued by  the  axon  from  this  cell  as  the  postganglionic  fi!>er.     The 
gray  rami  con.sist  of  these  latter  fibers,  which  return  from  the  sym- 
pathetic chain  to  the  spinal  nerves  and  are  then  distributed  to  the 
supplied  by  these  nen'es,  particularly  the  cutaneous  areas, 
ce  the  skin  branches  are  the  ones  that  supply  the  sweat  glands, 
;  blood-vessels,  and  the  erector  muscles  of  the  hairs.     It  will  be 
oted  that  the  fibers  that  pass  from  a  given  spinal  nerve — say,  the 
elfth  thoracic — by  a  white  ramus  to  enter  the  s}mpathetic  chain 
lo  not  return  as  postganglionic  fibers  by  the  gray  ramus  to  the 
same  spinal  nerve.     On  the  contrary,  the  gray  ramus  of  the  twelfth 
thoracic  may  consist  of  the  postganglionic  portion  c>f  autonomic 
fibers  that   enter  the  sympathetic   through    a    white    ramus  of 
of  the    higher  thoracic   nerves.     In    general,    we    may   say 
t   there   is   a    great    outflow   of  autonomic   fibers,   including 
asomotor,  sweat,  and  pilomotor  fibers,  in  the  white  rami  commu- 
from  the  first  or  second  thoracic  to  the  .second  or  fourth 
lumbar  nerves.     Those  of  these  fibers  that  are  to  be  distributed  to 
he  skin  areas  of  the  body — head,  limbs,  and  tnink^ — return  by  way 
of  the  gray  rami  to  the  various  spinal  ner\'es  and  are  distributed  with 
these  neri'cs,  the  distribution  being  somewhat  different  in  different 
animab  and  for  the  several  varieties  of  fibers.     Those  fiViers  that 
are  distributed  eventually  to  the  l)lood-ves8cls,  glands,  and  walls 
the  viscera  have  a  different  course  from  thotie  supplying  the 
lands,  blood-vessels,  and  plain  muecle  of  the  head  region.     For 
the  head  region  the  filers  after  entering  the  sympathetic  chain  pass 
upward   along   the   cervical   sympathetic  to  end   in  the  sujx'i'ior 
eenncal  ganglion;  thence  the  path  is  continued  by  postganglionic 
rs  which  emerge  by  the  various  plexuses  that  arise  from  this 
lion.     For  the  alxiominal  and  pelvic  vnscera  the  filoers  {particu- 
r  the  rich  supply  of  vasoconstrictor  fibers),  after  entering  the 
pathetic  chain,  emerge,  still  as  preganglionic  fibers,   by  the 
plAnohnic  ner^'es  that  run  to  the  celiac  ganglion  or  in  the  branches 
ing  with  the  inferior  mesenteric  ganglia,  and  then  become 
anglionic  fibers  (see  Fig.  112).     The  details  of  the  course  of 
notor,  sweat,  v-i.scernmotor  fibers  to  tlie  diOerent  regions, 
iac  filx>rs.  etc.,  will  l>e  given  in  the  appropriate  sections. 
General  Course  of  the  Autonomic  Fibers  Arising  from  the 
Brain. — These  fibers  leave  the  brain  in  the  third,  seventh,  ninth, 
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Those.  that  emerge  in  the  third 
nerve  end,  as  preganglionic  fi- 
bers, in  the  ciliary  ganglion. 
Their  postganglionic  fibers 
leave  this  ganglion  in  the  short 
ciliary  nerves  and  innen'ate 
the  |)lain  muscle  of  the  sphinc- 
ter of  the  iris  and  the  cilian,' 
muscle.  The  fibers  that  emerge 
in  the  seventh  and  ninth 
nerves  probably  supply  the 
glands  and  blood-vessels  (vaso- 
dilator fibers)  of  the  mucou.s 
membrane  of  the  nose  and 
mouth.  Some  of  these  fibers 
reach  the  fifth  nerve  by  way 
of  anastomosing  branches  and 
are  distributed  with  it.  Their 
preganglionic  portion  termi- 
nates in  some  of  the  ganglia 
belonging  to  the  sympathetic 
type  which  are  found  in  tliis 
region,  such  as  the  sphenopal- 
atine and  otic  ganglia,  and  the 
submaxillary  and  sublingual 
ganglia  for  the  fibers  dis- 
tributed to  the  glands  of  the 
same  name.  The  autonomic 
fibers  that  arise  with  the  tenth 
(and  the  eleventh)  nerves  are 
ilislributed  through  the  vagus. 
Physiologically  these  fibers 
consist  of  motor  fibers  (via- 
ceromotor  fibers)  to  the  mus- 
culature of  the  esophagus, 
stomach,  small  intestine,  and 
large  intestine  as  far  as  the 
descending  colon,  motor  fil>crs 
to  the  bronchial  musculature, 
inhibitory  fib<>rs  to  the  heart, 
an<l  secretory  fibers  to  the 
gastric  and  pancreatic  glands. 
The  ganglia  in  which  the  pre- 
ganglionic portions  end  have 
not     l»eeri     definitely    located. 


Digiiizeri  by 


v5Tfw^( 


SYMPATHKTir  NEKVOUrj  SYSTEM. 


253 


but  probably  they  comprise  the  small  and,  for  the  most  part,  iin- 
Dumed  local  gangliu  found  in  or  near  the  organs  innervated. 

General  Course  of  the  Autonomic  Fibers  Arising  from  the 
Sacral  Cord. — The  autonomic  fibers  of  this  region  emerge  from 
the  cord  in  the  anterior  nwts  of  the  sacral  nerves, — second  to 
fourth.  The  branches  from  these  roots  unite  to  form  the  so-called 
nervTJS  erigens  (pelvic  nerve),  wliich  loses  itself  in  the  pelvic  plexus 
•without  making  connections  ^ftith  the  svTnpathetic  chain  of  ganglia. 
The  pelvic  plexiis  is  fomaed  in  part  also  from  the  hypogastric  nerve 
arising  from  the  inferior  mesenteric  ganglion.  Tlirough  this  latter 
path  autonomic  fibers  from  the  uj)per  lumbar  region  enter  the 
plexus  (Fig.  112),  The  autonomic  fibers  of  the  nervois  erigens 
supply  vasodilator  fibers  to  the  external  genital  organs,  and  in 
the  male  constitute  the  physiological  mechanism  for  erection; 
^'hencethe  name.    They  supply,  also,  vasodilator  fibers  to  rectum 

[  Atid  anus  and  motor  fibers  to  the  plain  muscles  of  the  colon  de- 
scendens,  rectum,  and  anus.  The  preganglionic  parts  of  these 
fibers  end  in  small  symjiathetic  ganglia  in  the  pelvic  plexus  or  in 
the  neigiilKirliiMTid  of  the  organs  supplied. 

Normal  Mode  of  Stimulation  of  the  Autonomic  Nerve  Fibers. 
— In  distinction  from  the  nerve  fibers  innervating  the  skeletal 
muscles  practically  the  whole  set  of  autonomic  fibers  is  removed 

I  from  the  control  of  the  will.  An  apparent  exception  to  tliis  general 
statement  is  foimd  in  the  fact  that  the  ciliary  muscle  of  the  eye  is 
seemingly  under  voluntar}'  control.    We  nnist  suppose  that  under 

'normal  conditions  the  autonomic  fibers  are  always  excited 
reflexly,  and  the  course  of  the  afferent  fibers  concerneil  in  these 
reflexes  and   the   nature  of   the   effective  .sensory  stimulus  in 

[each   case   are   important  in   the  consideration   of  eacfi   of   the 

[physiological  mechani.stns  mvolved.  Most  of  these  mechanisms, 
wc  shall  find,  work  reflexly — that  is,  without  voluntary 
initiation — and,  for  the  most  part,  unconsciously,  for  instance, 
the  movements  of  the  intestines,  the  secretion  of  the  digestive 
glands,  and  the  contraction  and  dilatation  of  the  arteries. 
The    autonomic     nerve-fibers     control,    therefore,    the    uncon- 

[scious  co-ordinated  actions,  the  so-called  vegetative  processes, 
of  the  body.  There  is  no  apparent  reason  in  the  anatomical  ar- 
rangements why  these  fibers  should  he  free  from  voluntary  control. 
Their  disting\iishing  characteristic  in  ctvmparison  with  the  nerves 
for  the  voluntarj'  movements  is  the  fact  that  they  all  terminate 
first  in  sympathetic  nerve  cells;  but  this  fact  gives  no  explanation 
of  the  absence  of  conscious  control  by  the  will.  We  are  justified  in 
8a>-ing  that  nerve  paths  that  pass  through  sympathetic  nerve  cells 
cannot  be  excited  voluntarily ;   but  the  immediate  reason  for  this 

^fact  is  probably  to  be  found  in  the  ulti;mate  point  of  origin  of  these 
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paths  in  the  central  nervous  system.  What  we  designate  as  vol- 
untary motor  paths  arise  in  a  definite  r^on  of  the  cortex, — ^the 
motor  area  in  the  frontal  lobe.  Our  motor  conceptions  or  ideas 
can  affect  the  efferent  paths  arising  in  this  r^on,  but  not  thoee^ 
apparently,  which  originate  in  other  parts  of  the  brain. 
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CHAPTER  Xm. 
THE  PHYSIOLOGY  OF  SLEEP. 

The  state  of  more  or  less  complete  unconsciousness  which  we 
deeignate  as  sleep  fomis  a  part  of  the  physioiojEO'  of  the  brain  which 
naturally  has  attracteii  much  attention,  and  the  t  heoretical  explana- 
tions that  have  been  advanced  at  one  time  or  another  are  exceed- 
ingly numerous.    The  fsame  condition  occurs  in  many,  if  not  all,  of 
the  other  mammalia,  and,  indeed,  in  all  living  things  there  occur 
periods  of  rest  alternating  with  periods  of  activity.     Whether  these 
periods  of  rest  are  essentially  nimilar  in  nature  to  sleep  in  man 
is  a  question  in  general  physiology'  that  can  be  solved  only  when 
I  we  know  more  of  the  cheimstr>-  of  living  matter.     Within  the  human 
fbody  there  are  other  tissues  that  exhibit  periods  of  rest  alternating 
■with  periods  of  activity, — the  gland  rclls,  for  example,     'llie  seerct- 
cells  of  the  pancreas  liave  a  period  of  activity  in  which  the 
ictive  processes  exceed  the  constntctive,  and  a  period  of  rest 
wliich  these  relations  are  reversed.     We  may  conifjare  thi.s  rnn- 
ition  in  the  gland  cells  with  that  in  the  brain.     Sleep,  from  this 
Ipoint,  Ls  a  period  of  comparative  rest  or  inactivity,  during 
th  the  constructive  or  analx)Uc  processes  are  in  excess  of  the 
iimilatorj'  changes.    The  period  of  sleep  is  a  period  of  re- 
ition,   and    doubtless    all    ti.ssue.s    have    these    alternating 
To  explain  sleep  fundamentally,  thcrc^fore,  it  would  be 
:rcessary  to  understand  the  chemical  changes  of  anabolism  and 
itabolism,  and  an  explanation  of  the  sleep  of  the  brain  tissues 
vuld  doubtless  explain  the  simikir  phenomenon  in  other  tissues. 
lut  what  the  physiologists  desire  first,  and  have  attempted  to 
ietennme,  is  an  explanation  of  why  this  condition  comes  on  with 
a  certain  periodical  regidarity, — an  explanation,  in  other  words,  of 
ithe  mechanism  of  sle<'p,  the  change  or  changes  in  the  brain  or  the 
«xly  which  reduce  the   metabolism  of  the  brain  tissue  to  such 
extent  that  it  falls  below  the  level  necessary  to  cause  conscious- 
Physiological  Relations  during  Sleep. — The  central  and  most 
tant  fact  of  sleep  is  the  partial  or  complete  loss  of  conscious- 
and  this  phenomenon  may  he  referred  directly  to  a  lessened 
BMtabolir  acti\ity  in  tlie  brain  tissue,  presumably  b  the  cortex 
During  sleep  the  following  changes  have  been  recorded: 
255 
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The  respirations  become  slower  and  deeper  and  the  costal  respiration 
(respiration  by  elevation  of  the  ribs)  predominates  over  the  ab- 
dominal or  diaphragmatic  respiration  as  compared  with  the  waking 
condition.  The  respiraton-  movements  also  show^  frequently  a 
tendency  to  become  periodic, — that  is,  to  increase  and  decrease 
regularly  in  groups  after  the  manner  of  the  Cheyne-Stokes  type 
of  breathing.  The  expiration  is  frequently  shorter  and  more  audi- 
ble than  in  the  respirations  of  the  waking  hours.  The  eyeballa 
roll  upward  and  inward  and  the  pupil  is  constricted.  According 
to  Ijombard's  obser\'ations,  the  knee-kick  decreases  or  disappears 
entirely  during  sleep.  Some  of  the  constant  secretions  are  dimin- 
ished in  amount, — as,  for  instance,  the  urine,  the  tears,  and  the 
iiecretion  of  the  mucous  glands  in  the  nasal  or  pharyngeal  mem- 
brane. One  of  the  familiar  signs  of  a  sleepy  condition  is  the  dr>'ness 
of  the  surface  of  the  eyes,  a  condition  that  leads  to  the  nibbing 
of  the  eyes.  It  is  sometimes  stateil  that  the  digestive  secretions 
are  diminished  during  sleep,  but  the  statement  does  not  seem  to 
rest  upon  .satisfactory'  obser^'ations,  and  may  be  doubted.  The 
pulse-rate  decreases  during  sleep  and  there  are  also  certain  ag- 
nificant  changes  in  the  distribution  of  blood  in  the  body  owing 
to  a  diminishetl  vascular  tone  in  the  skin  vessels.  These  latter 
changes  will  be  referreti  to  more  in  detail  l>elow.  The  physiological 
oxidations  are  also  decreased,  as  shown  by  the  diminbhed  output 
of  carbon  dioxid.  On  the  whole,  however,  the  physiological  activities 
of  the  l)ody  jro  on  much  a.s  in  the  waking  condition.  Those  changes 
in  activity  that  ilo  occur  arc.  in  the  main,  an  indirect  result  of 
the  partial  or  complete  ces."<ation  of  activity  in  the  cerebrum.  One 
might  .<ay  that  while  the  cortex  of  the  brain  sleeps — that  is.  i.< 
inactive — most  of  the  other  organs  of  the  Ixxiy  maybe  awake  and 
maintain  thrir  normal  activity.  Another  fact  of  interest  is  that 
the  entin»  cortex  iloes  not  fall  asUvp  at  the  same  instant  nor 
always  to  the  same  extent.  Onlinarily  as  sleep  sets  in  the  power 
to  make  conscious  movements  is  lost  first  ami  the  auditor}'  sen- 
siltility  la.st.  and  on  awakening  the  reversv  relation  holds.  The 
imlividual  may  Iw  consei«>us  of  sound  sensations  before  he  ia 
sullieiently  awake  to  make  voluntary  movements. 

The  Intensity  of  Sleep.— The  intensity  of  ssleep — that  is,  the 
.ifpth  of  un(ons(iousne.<s-  has  Ikhmi  studitnl  by  the  .simple  device 
of  asccrtainins:  the  intensity  tit  the  .st»nsory  stimulus  necessary*  to 
awaken  the  sKn'iht.  Kohls«hiitt€>r*  useii  for  this  purpose  a  pendu* 
hirn  falliiic  airainst  a  sounding  plate.  At  inter\-als  of  a  half-hour 
durinir  the  fx-riixl  of  sleep  the  au»iitor>-  stimuli  thus  produced  were 
iTien>&<<'d  in  intensity  until  waking  was  caused.  His  results  are 
oxpres.'^^l  in  the  rurve  shown  in  Fig.  113,  in  which  the  intenaty 
•  Kohbtt-hiitU"-.  "Zfit-tchrift  f.  ratioiu'Ue  Mcdicin,"  1863. 
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of  the  sleep  is  represented  by  the  height  of  the  ordinat.es.  Accord- 
ing to  this  curve,  the  greatest  intensity  is  reachetl  alx)ut  an  hour 
after  the  beginning,  and  from  the  second  to  the  third  hour  onward 
the  depth  of  sleep  is  very  slight;  the  activHities  of  the  brain  lie  just 
r>elo\v  the  threshold  of  conseiousness.  It  appears  also  from  this 
curve  that  the  recuperative  effect  of  sleep  is  not  proportional  to 
its  intensit)'.  The  long  period  from  the  third  to  the  eightli  hour, 
in  which  the  depth  of  sleep  is  so  slight  is  presumably  as  important 
in  rt^toring  the  brain  to  its  normal  waking  irritability  as  the  deeper 
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liM|[bt)  neoaanry  to  awaken  a  aleepinn  pcreon.     Tbo  hours  marked  below.     The  testa 

MW  IBMte  Kt  ball^our  interval!.     Toe  cur\'e  inilic^atei^  tfiAt  tbe  (iistnrice  tkrouf^h  which 

H  waa  ruiwaiY  to  drop  the  ball  inonsawd  durini;  the  tirat  hour,  and  then  diminuhed,  at 

fim  TMT  rapidly,  then  slowly. — {KoM»efiOUer.) 


period  up  to  the  third  hour.     That  thi.s  is  the  case  is  perhaps 

sufficiently  demonstrated  by  the  e.xperience  of  every  one,  but 

Weygandt  has  attempted  to  prove  the  point  by  direct  experi- 

•   'f-^.     He  found  that  for  simple  mental  acts,  such  as  the  ad- 

•  >i)  of  pairs  of  figures,  a  short  sleep  was  hh  effective  as  a  longer 
one,  but  for  more  difficult  mental  work,  such  as  memorizing 
groups  of  ten  figures,  efficiency  was  distinctly  improved  in 
proptirlion  to  the  length  of  sleep.  It  i.s  pmbalile  that  the  curve 
of  intensity  of  .sleep  varies  somewhat  with  tlie  imlividual  and 
alst»  wiih  surrounding  conditions.  That  individual  variations 
occur  is  indicated  by  the  results  obtained  by  two  other  observers, 
Monninghoff  and  Piesbergen,*  who  used  the  same  general 
mfth<id  as  was  employed  by  KoklscliiJtter.  The  sleeper  was 
awakened   by  auditory  stimuli  produced   by   dropping  a  lead 

*  MdnninghofT  and  Piesbcrgun,  "  ZfitKclirift  f.  Biologie,"  19,  1,  1883. 
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ball  from  varying  heights  upon  a  lead  plate.     Only  two  exper*-" 
ments  were  made  each  night,  and  the  curves  constructed  repr^?— 
sent,  therefore,  composites  from  several  periods  of  sleep.     Or»^ 
of  the  curves  obtained    is   represented  in  Fig.  114.   According 
to  this  curve   the    maximum    intensity  is  reached  between  tla^ 
first  and  second  hours,  and  between  the  fourth  and  the  fift  J"* 
hour  there  is  a  second   slight  increase  in   intensity,   giving    ^» 
second  maximuni  in  tlie  curve.     This  Jatter  feature  of  a  .seconci 
increase  in  intensity  toward  morning  is  very  apparent  also  It'M. 
some  intere-sting  curves  obtained   by  Czerny  from   children  o:^ 
different  ages.     His  method  of  awakening  the  sleeper  was  to  us^ 
induction   shocks  of  varying  intensities.     In   children   of  four" 
years  with  a  normal  perifHl  of  sl^cp  of  al)out  twelve  hours  th^- 
curve  shows  a  very  marked  Jncrea.se  in  intensity  toward  morning, 
as  shown  in  Fig.    115.     Curves  made  by  similar  experimental 
methods   are   reported    by    Howell    and   by    MicheLson.*     The 
striking  feature  ab«ujt  all   the  curves  is  the  sharp  increase  in 
intensity  shortly  after  falling  asleep;  in  most  cases  the  nmximum 
is  reached  at  the  first  or  second  hour  of  slumber,  but  Michelson 
believes  that  there  are  two  clas.ses  of  individuals  in  this  respect, 
those   with    morning   dispositions   in    whon^    the    maximum   of 
mental  efficiency  occurs  early  in  the  day  and  who  upon  going  to 
sleep  show  a  maxiruum  of  intensity  within  an  hour,  and  those 
with    evening   dispositions    whose    maximum    eflficiency    comes 
later  in  the  day  and  whose  curve  of  sleep  reaches  its  maximum 
of  intensity  with  relative  slowness  (1 J  to  3^  hrs.). 

Changes  in  the  Circulation  during  Sleep.— Thnt  the  circula- 
tion unilergoes  distinct  and  charartcristir  cliangcs  during  sleep 
has  been  shown  upon  man  by  phleth^smographic  observations  and 
upon  the  lower  animals  by  direct  kymographic  experiments. 
Using  very  young  dogs,  Tarchanofff  has  been  able  to  measure 
their  blood-pressure  while  sleeping.  He  finds  that  the  pressure 
in  the  aorta  falls  by  an  amount  equal  to  twenty  to  fifty  millimetere 
of  mercury  during  sleep,  and  that  the  same  general  fact  is  true 
for  man  is  showTi  by  the  .sphygmomanometric  observations  reported 
by  Bnish  and  Fayerweather.J  Making  use  of  patients  with  a 
trephine  liole  in  the  skull,  Mosso  I  has  been  able  to  show  that  during 
Bleep  the  volume  of  the  brain  diminishes,  while  that  of  the  arm 
or  foot  increases.  The  apparent  explanation  of  this  fact  is  that 
the  blood-vessels  in  the  body  dilate,  and  receive,  therefore,  more 

*  HowcU,  "Journal  of  Experimental  Medicine,"  2,  313,  1897.  Michel- 
•on,  "Dissertation,"  Dorpat,  ISfll. 

t  TarchanofF,  "Archives  italiennes  de  biologic,"  21,  318,  1894. 

t  Brush  and  Fayerwcather,  "American  Journal  of  Phyaology,"  5,  199, 


1901. 


^ 


i  Uowo,  "Ueber  den  Kreislauf  des  Blutes  im  menachlichen  Gehim,"  1881. 
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blotni,  while  a  Hnialler  amount  flows  to  the  brain.    The  vohime  «>f 
the  foot  or  hands  was  measured  in  these  exjieriTnents  by  incasing 

it  ill  a,  plethysniograph  (see  sectiat* 
on  Circulation).  It  shouhl  be  stale*^^ 
tliat  in  a  preliminary  communication 
by  Shepard  it  is  stated  that  he  ul>— 
tained  contrary  results  from  obserVj^— 
tions  upon  two  patients  with  trephine 
holes  in  the  skull.  The  volume  of  tb^ 
brain  as  well  as  that  of  the  foot  or 
hand  increased  tluring  sleep.*  Th© 
authort  has  extended  Mosso's  observa- 
tions so  as  to  obtain  a  plethysmo- 
graphlc  record  of  the  volume  of  the 
Iiand  and  part  of  the  forearm  during 
a  period  of  normal  sleep.  One  of  the 
records  thus  obtained  is  given  in  Fig. 
116,  The  amount  of  dilatation  is 
given  by  the  ordinates  below  the  base 
line.  Granting  that  the  increase  in 
volume  of  the  hand  and  arm  is  caused 
by  an  increase  in  the  volume  of  blood 
contained  in  their  blond-vessels,  the 
curve  shows  tliat  during  and  after 
the  onset  of  sleep  the  blood-vessels  in 
the  arm  slowly  dilate  until  between 
one  and  two  hours  after  tlie  Ijegtn- 
ning  of  sleep.  After  this  maximum 
is  reached  the  arm  remains  more  or 
less  of  the  same  volume  for  a  certain 
period  or  else  diminishes  in  volume 
very  gradually.  Shortly  before  waking, 
liowever,  the  iirm  begins  to  diminish 
more  rapidly  in  size,  owing  doubtless 
to  the  contraction  of  its  blood-vessels; 
.so  that  at  the  time  of  awaking  it  has 
practically  the  same  volume  as  at  the 
beginning  of  sleep.  If,  on  the  basis 
of  Mosso's  experiments,  quoted  above, 
we  assume  that  the  l>lood-flow  in  the 
brain  stands  in  a  recipmcal  relation 
to  that  in  the  arm,  this  curve  may  be  taken  to  indicate  that 
before  and  after  the  onset  of  sleep  the  blood-flow^  through  the 

1.    ♦Shepard,  "American  Journal  of  Physiology."  23,  1909  ("~Proc.  Amer. 
Physiol.  Soc.").  t  Howell,  foe.  cit. 


k 


Digitized  by 


Google 


>ram  diminishes  rapidly  tu  a  certain  point  and  that  before 
awaking  the  blood-flow  begins  to  increase  again  until  it  reaches 
normal  prop>ortions. 

Effect  of  Sensory  Stimulation. — That  sensory  stimuli  of  vari- 
ous kinds  affect  a  sleeping  individual  without  entirety  awaking 
him  is  shown  by  the  movements  that  may  be  caused  in  tliis 
way,  and  also  by  the  nature  of  the  dreams  which  may  be  pro- 
voked. It  is  very  interesting  to  find  from  plethysmographic 
observations  that  all  kintls  of  sensory  stimulations  from  without 
and  from  within  arc  lialiie  to  affect  the  circulation  uf  the  hluod 
during  sleep.     As  shown  by  the  piethysmograph,  the  volume  of 
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the  arm  diminishes  more  or  less  in  proportion  to  the  intensity 
^^  of  the  Htimuius,  and  the  probable  interpretation  of  this  fact  is 
^^■that  the  sensory  stimulus  acts  reflcxly  upcm  the  vasomotor 
^Hc«nter  in  the  medulla  and  causes  through  it  a  ciuitraction  of 
^^Kthe  blood-vessels.  In  the  curve  shown  in  Fig.  116  most  of 
^Htlie  irregularitifs  were  traceable  to  cau-ses  of  this  kind. — noises 
^Vin  the  building  or  street  or  otlier  sensory  attmuli.  The  same 
(act  ia  exhibited  in  a  striking  way  by  the  curves  given  in  F'ig. 
117.  In  these  experiments  tlie  recorder  attache<l  to  the  plethys- 
mograph  to  register  the  changes  in  volume  was  of  a  different 
kind  (tambour)  and  the  record  reads  in  a  reverse  way  to  that 
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shown  in  Fig.  116, — that  is,  a  dilatation  is  recorded  by  a  rise  In 
the  curve  and  a  constriction  by  a  fall.  The  recorder  being  more 
sensitive,  the  volume  changes  in  the  arm  due  to  the  heart  beat  art 
clearly  indicated.  The  legends  attached  to  the  illustration  explain 
the  results  of  the  experiments. 

Theories  of  Sleep,  —Many  hypotheses  have  been  advanced 
to  explain  the  nature  and  causation  of  sleep.  Confining  ourselves 
to  the  more  recent  hypotheses  that  attempt  to  explain  the  immediate 
cause  of  the  profSuction  of  the  condition,  the  folIoT^inp  brief  de- 
scription will  sufFire  to  show  the  nature  of  the  theories  proposed: 

1.  The  Accumulation  of  Acid  Waste  Products. — Preyer*  and 
also  Obersteiner  have  supupested  that  the  accumulation  of  arid 
waste  products  in  the  blood  brings  on  a  graduially  increa.sing  loss  of 
irritability  or  fatigue  in  the  brain  cells  which  results  finally  in  a 
depre.ssion  of  their  activity  sufficient  to  cause  unconsciousness.  It 
is  known  that  functional  activity  in  the  muscle  is  accompanied  by 
the  foraiation  of  acid  waste  products,  especially  sarcolactic  acid, 
and  that  if  not  removed  as  quickh'  as  formed  these  products  cause 
a  diminution  and  finally  a  lo.ss  of  irritability.  The  central  nerve 
yssue*  in -activity  show  also  an  acid  reaction.  Moreover,  if  laclrr- 
acid  or  its  .sodium  salt  is  injected  into  the'lalobd  it  brings  on  a  con- 
dition of  fatigue  and  finally  a  state  of  unconsciousness.  The  theor>', 
therefore,  supposes  that  during  the  waking  hours  the  constant 
activity  of  the  muscles  and  nervous  system  results  in  a  gradual 
accumulation  of  these  waste  products,  since  their  oxidation  and 
removal  does  not  keep  pace  with  their  production.  The  end- 
result  is  a  diuiini.shiiig  irritability  of  the  central  nervous  system, 
especially  perhaps  of  the  cortex,  which  results  finally  in  invol- 
untary sleep,  although  normally  the  accumulation  is  not  carried 
to  this  extreme,  since  it  is  our  habit  to  induce  sleep,  when  the 
sensations  of  sleepiness  become  apparent,  by  withdrawing  ourselves 
from  excitations,  mental  or  sensoiy. 

2.  Consumption  of  the  I ittra molecular  Oxygen, — Pfliigerf  suggests 
that  the  cause  of  sleep  lies  es.seiitiaUy  in  the  fact  that  the  brain  cells 
during  the  waking  hours  u.se  up  their  store  of  oxygen  more  rapidly 
than  it  can  be  replaced  by  the  absorption  of  oxygen  from  the  blood. 
The  result  is  a  gradual  reduction  in  irritabihty;  so  that  when 
external  stimuli  are  withdrawn  the  oxidations  in  the  cells  sink 
below  the  level  necessary  to  arouse  consciousness.  During  sleep 
the  store  of  intramolecular  oxygen — that  is,  the  oxygen  sjTitheti- 
cally  combined  by  anabf>lic  processes  to  form  the  irritable  Uving 
matter — is  again   replenished. 

*  I'reypr.  "  CentraJbtatt  f.  d.  mai.  Wiss.,"  13,  577.  1875;  and  Obersteiaer, 
"  AligcniLnne  Zeitschrift  f.  Paycliiatrie,"  29,  224,  1872-73. 

j-  Pflilger,  "Arcliiv  f.  d.  gcsararntc  Physiologic,"  10,  468,  187S. 
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The  Neuron  Theory. — Duval,*  Caj  al,  and  others  have  applied 

rthe  neuron  doctrine  to  explain  the  occurrence  of  sleep.     According 

to  the  neuron  conception,  the  connection  between  the  cells  in  the 

cortex  and  the  incoming  impulses  along  the  afferent  paths  is  made  by 

the  contact  of  the  terminal  arborizations  of  the  afferent  fibere  with 

the  dendrites  of  the  cell.     Assuming  that  these  latter  processes  are 

contractile,  Duval  supposes  that  sleep  is  caused  mechanically  by 

their  retraction,  which  results  in  breaking  the  connections  and 

Ithus  withdravving  the  brain  cells  from  the  pos-sibility  of  external 

tfitimulation.     Conductivity  is  re-established  upon  awaking  by  the 

Jongation  and  intermingling  of  the  processes  again  re-establishing 

jhysiological  connections.     The  numerous  efforts  made  to  demon- 

^strate  the  fact  of  a  retraction  of  the  dendritic  processes  by  histo- 

:>gical  examinations  of  brains  during  sleep  or  narcosis  have,  how- 

;er,  not  been  successful. 

4.  Anemia  Theories  of  Sleep, — Numerous  facts  in  physiohigy 
lAke  it  very  probable  that  during  sleep  there  is  a  diminished 
^llow  of  blood  through  the  brain,  a  condition  of  cerebral  anemia. 
In  animals  with  the  brain  exposed  or  with  u  glass  window  in  the 
.Bkull  it  has  been  observe<l  directly  that  the  flow  of  blood  to  the 
irtex  is  diminished  during  sleep.    Mosso's  plethysmographic  ejcperi- 
Einents  mentioned  above  have  been  given  a  similar  interpretation, 
[And  Tarchanoff's  obserA-ations  upon  sleeping  dogs,  as  well  as  direct 
Weterminations  upon  nmn  by  Brush  and  Fayenveather,  show  that 
'the  arterial  pressure  falls  during  steep.     Inasmuch  as  the  lessened 
pressure  in  the  arteries  is  accompanied  by  a  dilatation  of  the  vessels 
of  the  skin,  as  shown  by  the  plethysmograph,  it  is  probable,  when 
the  facts  pre\'iously  mentioned  are  taken  into  consideration,  that 
the  diminished  pressure  in  the  arteries  forces  less  blood  through 
the  brain  and  more  through  the  dilated  vessels  of  the  skin.     In 
fact,  as  is  explained  in  the  section  on  circulation,  it  is  probable 
that  the  blood-flow  through  the  brain  is  normally  regulated  in- 
directly by  the  circulation  in  other  parts  of  the  body.     Constriction 
of  blood-vessels  elsewhere  increases  arterial  pressure  and  shunts 
more  blootl  tlirough  the  brain,  and  vice  versa.     This  general  view 
is  in  accord  with  the  fact  that  sensory  stimuli  and  increased  mental 
activity  are  accompanied  by  a  constriction  of  the  blood-vessels 
(of  the  skin)  and  a  rise  of  arterial  pressure,  while,  on  the  other 
hand,  mental  inactivity  and  especially  sleep  are  accompanied  by 
A  dilatation  of  the  blood-vessels  of  the  body  (skin  vessels)  and  a 
fall  of  arterial  preasure.     All  of  our  facts,  therefore,  point  to  an 
anemic  condition  of  the  brain  during  sleep,  and  some  phj-^siologists 
have  believed  that  this  condition  precedes  and  causes  the  state 

•  Duval,  "Comptes  rendus  de  la  aoc.  de  biol,"  February,  1895;  and  Cajal, 
'Arehiv  f.  Anat.  <u.  Phyaiol.),"  376,  1895. 
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of  sleep,  while  others  take  the  opposite  view  that  it  follows  and 
Ib  merely  one  result  uf  sleep.  On  the  basis  of  the  ptethysmographic 
experiments  mentioned  alwive  the  author*  has  proposed  a  theor>' 
of  sleep  in  which  the  diminished  flow  of  blood  to  the  brain  is  ex- 
plained and  is  assumed  to  be  the  chief  factor  in  bringing  on  sleep- 
The  theory  assumes  that  the  periodicity  of  sleep  is  dependent 
mainly  u|X)n  a  rhythmical  loss  of  tone  in  the  vasomotor  center  in 
the  medulla  in  consequence  of  fatigue  from  continued  activity 
during  the  waking  hours.  That  is,  the  vasomotor  center  is  in 
constant  action  during  this  period ;  the  continued  flow  of  sensory' 
stimidi  and  the  constant  activity  of  the  brain  act  reflexly  on  this 
center  and  through  it  cause  a  constriction  of  the  blood-vessels  of 
the  body,  particularly  of  the  skin,  by  means  of  which  the  blood- 
flow  through  the  brain  is  maintained  with  an  adequate  velocity. 
In  consequence  of  this  varying  but  constant  activity  the  center 
undergoes  fatigue;  stronger  and  stronger  stimulation  is  necessarj' 
to  maintain  its  normal  tone,  and  eventually  its  effect  on  the  blood- 
pressure  l>cconies  insufficient  to  maintain  an  adef|uate  flow  through 
the  brain  and  unconsciousness  or  sleep  results,  even  against  one's 
desires,  as  is  shown  by  the  experience  of  those  who  have  attcmpt«l 
to  keep  awake  much  beyond  the  tiabitual  period.  Ordinarily, 
however,  this  fatigue  of  the  vasomotor  center  and  its  resulting 
tendenc.y  to  a  cessation  of  activity  is  favoreii  by  our  voluntary 
withdrawal  of  stimidation.  Our  preparations  for  sleep,  closure  of 
eyes,  tlarkeucd  and  if  possible  quiet  room,  cessation  from  disturbing 
thoughts,  result  in  a  diiTiinution  of  the  sensory  and  mental  stimuli 
that  normally  play  iipon  the  vasomotor  center.  The  cessation 
of  such  stimuli  may,  indeed,  at  any  time  be  all  that  is  necessarj' 
to  bring  about  a  partial  loss  of  activity  in  this  center,  a  les- 
isenett  flow  of  blood  through  the  brain,  and  a  period  of  sleep  which, 
however,  is  usually  short.  If,  however,  the  vasomotor  center  has 
been  previously  fatigued,  as  may  be  supposed  to  be  the  case  at  the 
end  of  the  day,  the  withdrawal  of  these  stimuli  permits  it  to  fall 
into  a  more  complete  state  of  inactivity,  and  the  diminution  of 
blood-flow  to  the  brain  and  the  state  of  unconsciousness  is  longer 
lasting, — lasts  indeed,  according  to  the  curves  of  which  an  e.vample 
L8  given  in  Fig.  IKi,  until  the  gradual  resumption  of  activity  in  the 
vasomotor  center  brings  about  a  constriction  of  the  blood-vessels 
of  the  body  and  thus  drives  enough  blood  throvigh  the  brain  to 
cause  spontaneous  awakening.  A  third  factor  which  must  aid  in 
the  production  of  unconsciousness  as  a  result  of  the  lessened  flow 
of  bloofl,  and  in  the  return  of  consciousness  in  connection  with 
the  increased  flow  of  blood,  is  the  greater  or  less  fatigue  of  the 
cortical  cells  themselveB  after  a  day's  activity,  and  their  greater 
♦  Howell,  "Journal  of  Experimental  Medicine,"  2,  313,  1897. 
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iniUbility  aft-er  a  night's  rest.  Many  factors,  therefore,  co-oper- 
■  in  the  development  of  the  normal  state  of  sleep  lasting  for 
1  «trht  hours  out  of  twenty-fmir,  but  the  central  factor  which 
''■■?  rapid  onset,  invohnng  nearly  simultaneously  all  the 
,  areas  of  the  brain,  whether  previously  fatigued  or  not, 
lad  (he  equally  sudden  restoration  to  consciousness  of  the  entire 
iwlex,  is  to  be  found  in  the  amount  of  blood-flow  to  the  brain, 
liwlrr  normal  conditions  this  is  the  factor  that  stands  in  most 
immediate  relation  to  that  appearance  and  disappearance  of  full 
snsciousneas  which  mark  for  us  the  limits  of  sleep.  A  similar 
tiwr  is  advocated  by  Hill,*  who  believes,  however,  tliat  the  regu- 
kkn  of  the  blooti-flow  through  the  brain  is  effected  through  the 
TMomotor  control  of  the  splanchnic  area,  whereas  the  author's 
vifw  is  that  the  regulation  is  effected  mainly  through  variations 
is  the  cutaneous  circidation, — that  is,  for  the  normal  occuiTence 
rf«l«p.  The  drowsiness  that  follows  a  heavy  meal  is  probably  due 
Biinlr  tothe  mechanical  effect  of  a  dilatation  of  the  blood-vessels  of 
Ike  viscera  and  the  consequent  diminution  in  the  l>lood-flow 
tbott|h  the  brain;  but  the  sleep  that  occurs  at  the  end  of  the 
ivf  is  undoubtedly  associated  with  a  dilatution  of  the  Idood- 
vsaeU  of  the  skin  of  the  trunk  and  extremities.  What  the 
wndition  in  the  visceral  mgans  may  be  at  such  times  we  have 
»»  present  no  means  of  knowing. 

Hypnotic  Sleep. — The  sleep  that  can  be  produced  by  so-called 
nQBEtion,  the  sleep  of  hypnotism,  has  been  studied  by  means 
rf  the  plethysmographic  method. f  The  result,  so  far  as  the 
volnme  of  the  arm  and  hand  is  concenied,  shows  that  in  this  con- 
•fition,  unlike  normal  sleep,  there  is  a  marked  diminution  in  volume, 
•ad,  therefore,  wc  may  believe,  an  increased  constriction  of  the 
Uood-veasela  of  the  skin.  This  observation  accortls  with  the 
bluiefaed  appearance  of  the  skin  of  the  extremities,  and  with  the 
iUtement  that  in  deep  hypnotic  sleep  the  skin  does  not  bleed 
wdily  when  pricked  iivith  a  needle.  In  view  of  our  limited  knowl- 
tdgt,  however,  it  would  be  hazardous  to  base  any  comparison 
between  normal  and  hypnotic  sleep  ii{>on  this  single  fact. 

•  Hill,  "The  Pi»y«iology  uinl  Patholopy  of  tlie  Cerebral  Circulation," 
Wioa.  1896. 

Walden,  *■  American  Journal  of  riiysiology. "  4.  124,  1000-01. 
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SECTION  III. 
THE  SPECIAL  SENSES. 


CHAPTER  XIV. 

CLASSIFICATION  OF  THE  SENSES  AND  GENERAL 
STATEMENTS. 

Under  the  general  term  sense  organ  we  may  include  not  only 
the  peripheral  organ  on  which  the  stimulus  acts,  but  also  the  sensory 
path  through  which  the  impulses  are  conveyed  to  the  central 
nervous  system  and  the  cortical  center  hy  means  of  which  the 
reaction  in  consciousness  is  mediated. 

Classification  of  the  Senses.— In  general,  we  attempt  to 
distinguish  the  various  sense  organs  hy  the  differences  in  their 
end  reaction  in  consciousness.  Each  sense  organ  gives  a  different 
kind  of  response,  the  nature  and  distinctive  features  of  which 
are  recognized  subjectively.  The  conscious  sensations  are  said 
to  differ  in  quality  or  nxodality.  The  qualitative  difference  in 
some  cases  is  very  distinct, — the  difference  between  sensations  of 
sound  and  of  vision,  for  instance, — and  on  this  subjective  difference 
we  base  our  efforts  to  give  specific  names  to  the  sense  organs  con- 
cerned. This  means  of  classification  is  not,  however,  applicable 
in  all  cases.  "WTiile  many  of  our  sensations  are  so  distinct  in  quality 
that  we  can  recognize  them  and  name  them  •without  difficulty, 
others  are  of  a  more  obscure  character.  In  addition  to  our  sensa- 
tions of  •vision,  hearing,  smell,  taste,  pres-sure,  temperature,  and 
pain,  there  are  doubtless  many  other  sensations  whose  conscious 
reaction  is  less  distinct  in  quality  and  for  which  our  subjective 
means  of  recognition  and  classification  are  less  satisfactory  or 
entirely  inadequate.  Such,  for  instance,  are  the  sensations  from 
the  muscles,  from  the  semicircular  canals  and  the  vestibular  sacs 
of  the  ear,  and  from  many  of  the  visceral  organs.  For  the  recogni- 
tion and  classification  of  these  senses  and  sense  organs  it  is  neces- 
sar>'  to  fall  back  upon  the  methods  of  anatomical  and  physiological 
analysis,  methods  which  in  many  respects  are  uncertain.  So  also 
within  the  limits  of  any  sensation  of  a  given  quality  or  modality, 
we  distinguish  certain  subqualities.     In  vision  we  have  many  dif- 
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ferent  qualities  which  we  designate  by  special  names, — ^the  series 
of  different  colors,  for  example.  In  sound  sensations  we  distinguish 
different  tones  and  different  qualities  of  tones.  But  here,  again, 
the  subjective  mark  is  often  so  indistinct  in  consciousness 
that  it  cannot  be  usetl  satisfactorily  for  purposes  of  classifica- 
tion. In  the  odor  sensations  we  distinguish  many  different  quali- 
ties, each  recognizable  at  the  time  that  it  is  experienrod,  but  their 
characteristics  are  so  fugitive  that  so  far  it  has  not  been  possible 
to  name  them  or  group  them  in  any  s;;itLsfactory  way.  In  studying 
the  qualities  of  the  various  sensutions,  so  fur  as  they  are  recogniz- 
able, the  effort  of  physiology  has  been  to  coimect  them  with  some 
definite  anatomical  or  physiological  peculiarity  in  the  sense  organs 
concerned.  The  final  explanation  of  the  differences  in  quality 
involves  a  study  of  the  nature  and  properties  of  consciousness 
itself, — a  subject  which  as  yet  has  not  lieen  undertaken  by  physi- 
[ology.  At  present  we  accept  the  fact  of  consciousness  and  the 
fact  that  there  ai-e  different  kinds  or  qualities  of  consciousness, 
and  our  investigations  are  directed  only  toward  ascertaining 
the  anatomical,  physical,  and  chemical  pi-operties  of  the  organs 
involved  in  the  production  of  these  subjective  changes. 

In  former  times  it  was  customary  to  divide  the  sensations  into 
two  different  groups, — the  special  and  the  common  senses, — the 
former  including  the  so-called  five  senses  of  man, — namely,  sight, 
bearing,  touch,  taste,  and   smell, — while  under  the   latter  were 
I  grouped  all  other  sensations  of  less  distinctive  (jualities.     In  physi- 
'^ology  the  belief  that  man  has  only  five  sj>ecial  senses  has,  however, 
been  aban{^ied.     The  sense  of  touch  as  ordinarily  understood 
I  been  shown  to  consist  of  three  or  more  distinct  senses,  namely, 
'pressure  (in  its  several  varieties),  heat  and  cold;  and  the  sense 
of  pain  exhibited  by  the  skin  is  in  all  essential  respects  as  special 
and  characteristic  as  those  just  named.     There  is,  however,  no 
certain  standard  as  to  what  shall  constitute  a  special  in  con- 
tradistinction to  a  common  sense;  so  that  a  classification  based 
I  on  this  nomenclature  is  unsatisfactory.     In  one  respect,  how- 
ever, our  senses  show  a  difference  which  may  be  used  as  a  basis 
'for  dividing   them   into   two   general   groups.     This  difference 
lies  in  the  manner  of  projection.     We  may  assume  tliat  ail  of 
I  our  sensations  are  aroused  directly  in  the  brain.     In  that  organ 
[take  place  the  final  changes  which  react  in  consciousness.     But 
I  in   no  ca.se  are  we  conscious  that  this   is  the  case.      On  the 
kuntrarj',   we  project  our  .sensations   either  to  the  exterior  of 
[the  body  or  to  some  peripheral  organ  in  the  body,  the  effort 
'being  apparently  to  project  them  to  the  place  where  experi- 
Icnce  has  taught  us  that  the  acting  stimulus  arises.     We  may 
divide  the  senses,  therefore,  into  two  great  groups:    (1)  The 
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exteraal  or  rather  the  exterior  senses,  or  those  in  which  the  sensa- 
tions are  prTijected  to  the  exterior  of  the  body,  and  which  form, 
therefore,  the  means  through  which  we  become  acquainletl  with  the 
outside  worhl.     The  exterior  senses  iuchicie  sight,  hearing,  taste, 
smell,  pressure,  utid  temperature  (heat  and  cold  I.     (2)  The  iiiternsl 
or  interior  senses,  or  those  in  which  the  sensations  are  projected  to 
the  interior  of  the  body.     It  is  through  these  senses  that  we  acquire 
a  knowledge  of  the  condition  ef  our  body  and  perhaps  also  a  knowl- 
edge of  ourselves  as  an  existence  or  organism  distinct  from  the  ex- 
ternal world.     ^\inong  the  interior  senses  we  must  include  pain, 
muscle  sense,  the  sensations  from  the  semicircular  canals  and  ves- 
tibule of  the  intenml  ear,  hunger,  thirst,  sexual  sense,  fatigue,  and 
in  addition  perhap.s  other  less  definite  sensations  from  the  \isceTal 
organs.     Thus  line  of  demarcation,   although  it  holds  so  well  in 
most  cases,  is  not  absolutely  distinctive.     The  temperature  sense, 
for  instance,  is,  so  to  speak,  on  the  border  line  between  the  two 
groups;    we  may  project  this  sensation  either  to  the  exterior  or 
to  the  interior  according  to  circumstanees.     When  the  temf>erature 
nerves  are  excited  simultaneously  with  the  pressure  nerves,  we 
project  the  sensation  to  the  exterior,  to  the  stimulating  body.    If 
the  skin  is  touched  by  a  hot  or  cold  solid  object  we  speak  of  the 
object  as  being  hot  or  cold.     If,  however,   the  same  ner\'es  are 
stimulated  by  warm  gases  or  even  liquids  under  conditions  that 
do  not  involve  the  pressure  sense  we  refer  the  change  to  ourselves, — 
we  are  hot  or  cold,  as  the  case  may  be.     So  also  when  the  skin  is 
heated  by  the  blood  the  resulting  sensation  is  projected  to  the 
skin.    It  would  seem  that  the  habit  of  projection  is  acquired  by 
experience,   and  that   those  senses  whose  organs  are  habitually 
affected  by  objects  from  without  we  learn  to  project  to  the  object 
giving  rise  to  the  stimulus. 

The  Doctrine  of  Specific  Nerve  Energies. — The  term  specific 
nerve  energy  we  owe  to  Johannes  Muller  (1801-1858).  The  terra 
is  in  some  respects  unfortunate,  as  at  present  in  the  physical  sci- 
ences the  word  enei^y  is  used  to  designate  certain  specific  properties 
of  matter.  The  phrase  specific  nerve  energy  in  physiology, however, 
is  intended  to  designate  the  fact  that  each  sensorj-  imit  arouses  or 
mediates  its  own  specific  quality  of  sensation,  the  specific  energy  of 
the  optic  apparatus  being  visual  sensatif)ns.of  the  aiulitor>'  apparatus 
sound  sensations,  etc..  and  each  sensorv'  nerve  or  apparatus  can 
give  no  other  than  its  own  quality  of  sensation.  Wliether  this 
specificity  in  the  reaction  of  each  aensorj'  nerve  is  due  to  some  pecu- 
liarity in  the  nerve  itself  or  its  peripheral  end-organ,  or  to  a  pecu- 
liarity of  the  part  of  the  brain  in  which  it  terminates  Miiller  left 
an  open  question,  although  he  culled  attention  to  the  fact 
the  central  ending  is  capable  of  giving  its  specific  effect  in 
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lotisneflH  independently  of  the  condurtiujf  nerve  fibet-s.     With 

card  t<i  this  latter  question  the  opinions  of  physiologists  still 

iffer.     Most   physiologists,    perhaps,    atlopt   the   view   that   the 

ific  reaction  in  consciousness  \s  due  to  the  central  ending, — 

at,  in  other  words,  the  different  sensorj'  parts  of  the  cortex 

ve  different  kinds  or  qunlities  of  consciousness,  while  the  sensory 

lerve   fibers   are   simply    eonductore   of   nerve   impulses,    which, 

lowever  much   they   may  differ  in   intensity,   are  qualitatively 

the  same  in  all  nerve  fibers,     .^cconlinp  to  this  view,  it  would 

result,  as  du  Bois-Ileymond  expressed  it,  that,  if  the  auditory 

nerve  filers  were  attached   to  the   visual   renter   and   the  optic 

bers  to  the  auditory  center,  we  wotdd  see  tlic  thimder  and  hear 

lightning.     Each  typical  sense-organ   from   this   standpoint 
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lets  of  three  essential  parts:  the  central  ending,  which  deter- 
the  quality  of  the  sensation;  the  peripheral  end-organ, 
rptina,  cochlea,  etc.,  which  determines  ^^hether  or  not  any  given 
brm  of  stimulus  shall  be  effective  and  which  in  most  cases  is  con- 
ructetl  so  as  to  be  responsive  to  a  special  form  of  stimulus  desig- 
ted  aa  its  adequate  stimulus;  and  of  connecting  neurons  whose 
mly  fvmction  is  to  conduct  the  nerve  impulses  originating  in  the 
end-organ.  The  fact,  therefore,  that  the  light  waves  can  stimulate 
the  rods  and  cones  of  the  retina,  but  are  an  inadequate  stimulus 
bably  to  the  hair  cells  of  the  cochlea  or  the  taste  buds  of  the 
ngue,  is  due  to  a  peculiarity  in  structure  of  the  rods  and  cones; 
'Imt  the  fact  that  the  impulses  conducted  by  the  optic  fibers  arouse 
a  peculiar  modality  of  senj^tion  is  not  due  to  any  peculiarity  in 
ructure  in  these  fibers  or  in  the  rods  and  cones,  but  to  a  charac- 
ristic  structure  of  the  optic  centers.  The  positi\  e  exi>erimental 
idence  for  the  correctness  of  this  view  is  not  conclusive,  but,  on 
whole,  is  impressive.    Such  facts  as  the  following  may  be  noted: 

1.  When  sensorj'  nerve  fibers  are  stimulated  other\^'ise  than 
rough  their  end-organs  each  reacts,  if  it  reacts  at  all,  according 

its  specific  ejierg}-. — that  is,  it  produces  its  own  quality  of  sensa- 
tion.   When  the  optic  ner\-e  is  cut,  for  instance,  the  mechanical 
imulus  causes  a  flash  of  light;  when  the  chorda  t_\mpani  is  stimu- 
ted  in  the  t>Tnpanic  cavity  by  mechanical,  electrical,  or  chemical 
stimuli  sensations  of  taste  are  aroused. 

2.  Mechanical  pressure  upon  the  peripheral  nerv'es  distributed  to 
skin  may  cause  a  loss  of  some  of  the  cutaneous  senses  in  certain 

of  the  skin  with  a  retention  of  others.    Thiis  the  senses  of 
re  and  temperature  may  be  lost  and  that  of  pain  retained, 
pain  may  be  lost  and  pressure  retaineil.     A  siuiilar  dissocia- 
of  the  sensations  of   tlie  skin   in   definite  regions   may  be 
e<l  after  localized  lesions  of  the  spinal  cord,  or  during  the 
ocess  nf  regeneration  that  follows  suture  of  a  severed  nerve, 
ucb  facts  agree  with  the  view  that  eacli  sense  has  its  own  set 
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of  nerve-fibers;  those   that    mediate   pain   cannot    by   a  mere 
modification  of  the  stiinulug  give  also  a  sense  of  pressure. 

3.  The  only  i>bjective  manifestation  of  a  nerve  impulse  that  we 
can  study  in  the  nerve  itself  is  the  electrical  change  that  accom- 
panies it  or  that  perhaps  constitutes  its  essence.  This  electric^ 
change  is  qualitatively  the  same  in  all  kinds  of  nerve  fibers,  and  this 
fact  agrees  with  the  view  that  the  nerve  impulse  is  qualitatively  the 
same  in  all  fibers. 

So  far  as  the  sensory  nerve  fibers  are  concerned,  the  chief  ob- 
jection to  this  view  of  the  doctrine  of  specific  nerve  energies  is 
found  perhaps  in  the  tlifhculty  or  imjHJ.ssibility  of  applying  it  to 
the  explanation  of  color  vision.  According  to  the  strict  interpreta-J 
tion  of  the  view,  each  fimdamental  color  sense,  being  distinct  in 
quality,  should  be  mediated  by  its  own  set  of  nerve  fibers.  When. 
Hclmholtz  first  formulated  his  theor}'  of  color  vision  he  spoke, 
therefore,  of  three  kinds  of  nerve  fibers, — the  red,  the  green,  and 
the  violet, — each  when  stimulated  alone  givnng  its  owti  specifio 
sensation  and  not  capable  of  giving  any  other.  The  facts  accumu- 
lated regarding  color  vision,  however,  seem  to  show  that  this  view 
will  not  hold.  One  and  the  same  cone,  with  its  connecting  fiber, 
may  give  rise  to  any  or  all  of  the  primary  color  sensations,  and, 
unless  we  choose  to  further  subdivide  the  nerve  unit  and  assume 
that  the  separate  nerve  fibrils  of  which  the  axis  cylinder  is  composed 
constitute  the  separate  conductors  for  the  primary  sense  quahties, 
it  would  seem  to  be  impossible  to  apply  the  tloctrine  of  specific 
energies  to  this  case.  Not  too  much  weight  shoidd  be  given  per- 
haps to  this  objection.  For  it  must  be  roincmbcred  that  all  of  our 
present  theories  of  color  vision  are  unsatisfactorv,  and  possibly 
when  we  attain  to  the  right  point  of  view  the  facts  may  not  be 
so  difficult  to  interpret  in  terms  of  this  theory  of  specific  energies. 

The  alternative  view  proposed  in  place  of  the  doctrine  of 
8p)ecific  nerve  energies  assumes  that  the  nerve  impulses  may 
var\'  in  fiuality  as  well  as  in  intensity,  and  that  therefore  one  and 
the  same  nerve  fiber  may  arouse  different  quaUties  of  sensation  and 
have  different  end  effects  according  to  the  character  of  the  impulse 
conveyed.  This  point  of  view  is  not  capable  of  much  discussion, 
since  there  are  no  positive  facts  that  B\ipport  it.  It  is  logically 
satisfactory  in  meeting  the  cases  in  which  the  former  view  seems 
to  be  imsatisfactor>'.  It  is  difficult,  however,  in  our  ignorance  of 
the  nature  of  the  nerve  impid.se  to  imagine  in  what  respects  it  may 
possibly  differ  in  character. 

The  Weber-Fechner  (Psychophysical)  Law.^One  difficulty 
that  has  been  encoimtered  in  the  physiological  study  of  sensory 
nerves  is  that  the  end  reaction  cannot  be  measured  with  exactness. 
With  efferent  nerves  the  end  reaction  is  a  contraction  or  secretion 
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r^that  can  be  estimated  quantitatively  in  terms  of  our  physical  and 
ihemical  units  of  measurement.  But  the  end  reaction  of  a  sensory 
nerve  is  a  state  of  consciousness  for  which  we  have  no  standard  of 
measurement.  Weber,  in  studying  the  relation  between  the 
strength  of  the  stimulus  and  the  amount  of  the  resulting  sensation, 
availed  himself  of  the  method  of  the  least  deteetible  change  in  sen- 
sation: that  is,  he  determined  the  increase  in  stimulus  at  different 
svels  necessar)'  to  cause  a  just  perceptible  increase  in  the  sc-nsation. 
Jy  means  of  this  method  he  arriveti  at  the  significant  result  that 
le  increase  in  stimulus  necessary  to  cause  this  change  is,  within 
■  ysiological  limits,  a  definite  fractional  increment  of  the  acting 
Limulus.  If,  for  instance,  with  a  weight  of  .30  gms.  upon 
finger  it  requires  an  inrroment  of  -3' j— that  is,  one  additional 
1 — to  make  a  just  perceptible  dilTerence  in  the  pressure  sensa- 
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fie    lis. — Curve  (o  indicate  th©  Weber-Fechner  law  of  a  logarithmiol  reUtion  be- 
PMB  eidUtinn  or  ■  —(From  Wallfr.^     The  excitations  are  indicated  along  tbe 

■talMUttheMIKBi  le  unlinuleN.    Th(>  increase  in  «Dsation  is  reprMented  as  tak- 

he  pUee  b  aqu*!  -  ■    minimal  perceptible  flifTerencc,"  while  the  oorre«poodin« 

txdtatioa*  require  an  uicrcoiiing  inoremeDt  nf  \  at  each  stop,  namely  1.  1.33,  1.77,  2.37, 
•«*.    Tbax  i*.  t<i*  e<iual  inoreirinU  of  eenaation  inoreaaing  incrementa  ol  atimutation  ara 


tion.  then,  wnth  a  weight  of  60  gms.  upon  the  finger  the  addition 
.  of  another  gram  would  not  be  perceived;  it  would  ref|uire  again  an 
■icrcinent  of  -jV— *hat  is,  2  gms.— to  make  a  just  perceptible  dif- 
^Kcnce  in  seniwition.  This  relationship  is  known  as  Weber's  law. 
^Kilc  Ws  exactness  has  often  been  disputeil,  it  seems  to  be  generally 
^5mitt<?d  that  for  a  median  range  of  stimulation  the  law  expresses 
ippro.ximate  relation  between  the  two  variables  considered, 
aer  attempted  to  give  this  law  a  more  quantitative  and  ex- 
Bve  apph cation  by  assuming  that  just  perceptible  differences 


Digitizedt 


^0 


272  THE   SPECIAL  SENSES. 

in  sensation  represent  actually  equal  amounts  of  sensation.  Ac- 
cepting this  assumption,  we  can  express  the  relationship  between 
stimulus  and  sensation  as  determined  by  Weber's  experimoits  by 
saying  that  for  the  sensation  to  increase  by  equal  amounts, — that  is, 
by  arithmetical  prc^ression, — ^the  stimiUus  must  vaiy  aecoidiiig 
to  a  certain  factor, — that  is,  by  geometrical  progression.  Tlie. 
sensation  may  be  r^arded  as  a  geometrical  function  of  the 
stimulus.  If  the  relation  betweeai  stimulus  and  sensation  is  repm- 
sented  as  a  curve  in  which  the  ordinates  express  the  sensation  in- 
creasing by  equal  amounts,  and  the  abscissas  the  corresponding 
stimuli  increasing  at  each  interval  by  i,  a  result  is  obtained  Bach  as 
is  represented  in  the  accompanjring  figure  (Fig.  118).  A  curve  of 
this  kind  is  a  logarithmical  curve,  and  Fechn^  expressed  the  reli^ 
tionship  between  stimulus  and  sensation  in  what  has  been  called  the 
psychophysical  law, — namely,  that  the  sensation  VKnea  as  the 
logarithm  of  the  stimulus.  From  the  phyaological  standpoint  it  is 
important  to  bear  in  mind,  as  has  been  emphaaiaed  by  Waller,*  that 
several  steps  intervene  between  the  action  of  the  external  stimulus 
and  the  production  of  the  conscious  sensation.  The  external  stim- 
ulus acts  first  on  the  end-organ,  this  in  turn  upon  the  sensory  nerve 
fiber,  producing  a  nerve  impulse  which  finally  in  the  brun  gives  the 
conscious  reaction.  It  is  a  question,  therefore,  whether  the  logarith- 
mical relation  of  the  stimulus  holds  betweoi  it  and  the  reaction  ci  the 
end-organ  or  between  the  internal  stimulus — ^that  is,  the  amacxy 
nerve  impulse — and  the  psychical  reaction.  This  author  has  g^ven 
some  facts  obtained  by  recording  the  action  current  in  the  optic 
ner\'e,  the  retina  t)eing  stimulated  by  known  intensities  of  li^t, 
which  indicate  that  the  relation  observed  is  between  the  ffxti^mal 
stimulus  and  the  internal  stimulus, — that  is,  the  sensoiy  nerve 
impulse. 

♦Waller,  "Brain,"  201,  ISiMt. 
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CUTANEOUS  AND  INTERNAL  SENSATIONS. 


General  Classification. — According  to  the  oliler  views,  the 
aensfiry  nerves  of  the  skiii  give  sensaticms  of  touch.  Modern 
physiology  has  shown,  liowever,  that  these  nerves  mediate  at 
least  four  different  qualities  of  sensation — namely,  pressure, 
warmth,  cold,  and  pain.  Our  so-called  touch  sensations  are 
usually  compound,  consisting  of  a  pressure  and  a  temperature 
component  and  also  very  frequently  an  element  of  muscle  sense 
when  muscular  efforts  are  involved,  as,  for  instance,  in  measuring 
weights  or  resistances.  The  four  sensory  qualities  enumerated 
constitute  the  cutaneous  senses,  and  they  are  present,  or,  to 
speak  more  accurately,  the  nerves  throiigli  which  these  senses 
lire  rae<liated  are  present  not  only  over  the  general  cutaneous 
surface  but  also  in  those  membranes — such  as  the  mucous 
membrane  of  the  mouth  and  the  rectum  (stomodeum  and 
proctodeum) — which  embry tl"gically  are  fonneil  from  the 
epibhist.  The  surfaces  in  the  interior  of  the  body,  on  the 
contrary — such  as  the  membranes  of  the  alimentary  canal, 
muscles,  fasciaj,  etc. — have  only  nerves  of  pain,  but  no  sense 
of  touch  or  ten>iKn*aturc.  Of  these  cutaneous  senses,  three — 
pressure,  warmth,  and  cold — may  Ije  grouped  with  the  exterior 
senses,  the  sensations  being  projected  to  the  exterior  of  the 
bo«iy,  into  the  substance  causing  tlie  stimulation;  although,  as 
was  mentioned  aViove,  the  temperature  sensations  under  con- 
ditions— fever,  vascular  dilatation,  etc, — may  be  projected  to 
parts  of  the  skin  itself  and  be  felt  as  changes  in  ourselves.  The 
temperature  sensations  are,  in  fact,  projected  to  the  exterior 
whenever  they  are  combined  with  pressure  sensations,  the  latter 
serving,  as  it  were,  as  the  dominant  sense.  The  pain  sense,  on 
the  other  hand,  belongs  to  the  group  of  interior  senses,  the 
sensations  being  always  projected  into  our  own  body  and  being 
felt  OS  changes  in  ourselves. 

Protopathic,  Epicritic,  and  Deep  Sensibility, — In  the  matter  of 
the  cla.'^^ification  of  tlif  cutaneous  senses  and.  indeed,  the  body  senses 
in  general,  a  new  point  of  view  has  been  suggested  by  Head  and 
Rivera.*  These  authors  made  a  careful  study  of  the  loss  of  sensa- 
tions after  division  of  the  cu1aneou.s  nerves,  and  of  the  subsequent 
gradual  and  separate  return  of  these  sensations  following  upon  suture 
of  the  divitled  ends.  They  find  that  in  skin  areas  made  completely 
•  Head  and  Rivers,  "  Brain,"  1905,  99,  and  1908,  323. 
18  273 
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anesthetic  there  is  present  a  deep  or  subcutaneous  sraability  to 
prnHsure  and  movements,  a  sensibility  which  must  be  mediated 
through  sensory  fibers  contained  in  the  nerves  to  the  muscles  In 
the  skin  itself  there  are  present  two  systems  of  sensory  fibers  which 
regenerate  at  different  times  in  a  nerve  that  has  been  severed, 
and  may  l>e  studied  separately  by  this  means.  One  system 
conveys  sensations  of  pain  and  of  extreme  changes  in  tempersr 
ture,  but  the  sensations  are  imperfectly  localised  and  the  sensi- 
hility  is  low,  or,  to  express  the  same  idea  in  another  way,  the 
threshold  is  high.  This  kind  of  sensation  is  found  in  the  viso«ra 
nlno,  and  it  may  be  considered  from  the  functional  standpoint 
as  a  defensive  agency  toward  pathological  changes  in  the  tissues; 
it  is  designated  as  protopathic  sensibility.  It  is  stated  that  the 
glans  penis  po&sesses  only  this  kind  of  sensibility.  Pro1(Opathie 
Hensihility  comprises  three  qualities  of  sensation  and  presum- 
ably three  sets  of  nerve-fibers,  namely — ^for  pain,  for  heat  (not 
stinutlatcd  below  :i7°  C),  and  for  cold  (not  stimulated  above 
26^  v.).  The  second  system  of  fibers  responds  to  stimulations 
by  light  pressures  and  small  differences  in  temperature  between 
'M^  and  37**  C,  the  range  of  temperature  to  which  the  tem- 
l^erature  nervos  of  the  protopathic  system  are  insensitive.  These 
filH^n  regenerate  after  lesions  much  more  slowly  than  the  pro- 
topathic variety,  and  since  the  sensations  mediated  by  them 
arr  localiiotl  very  exactly,  they  furnish  us  the  means  for  making 
tine  dis(*rimin.<itions  of  touch  and  temperature.  For  this  reason 
thoy  .ire  dt*sH'rilHHi  as  an  rpieritic  s\-stem,  and  the  corresponding 
!HM\sations  art*  dosign.tte«l  as  opirritic  sensibility.  This  system 
of  filvrs  is  nt>t  found  in  the  other  organs,  and  it  constitutes, 
thoTvfonv  tho  s|hhm.iI  oharactoristio  of  the  skin  area.  In  this 
s>stoni  thorv  aw  inolud<sl  separate  filers  for  heat,  for  cold,  f<w 
lijcht  )v\'!:«i\m>!i.  .«uu1  for  tactile  discrimination.  It  is  throu^ 
iIh'  A«ns.-ititM\s  nu>iiat(\i  by  tht^^  filvi^  that  we  lecogniie  the 
shafv  aivl  stro  of  obj«vTx<.  .\c<\^iin|:  to  this  Haanficatkm  we  may 
aw'Xjn^-  t!»*t  thr  jwstorkv  r»x>t#  i.m  the  spinal  nerves  cany  into  the 
>i>'.n.-il  vM7\i  the  folK^wi^vc  vawti«i  erf  afforwit  fibers: 

,  1>\v.xw]>i«.-'     -  O<o)d  fsarmm). 
\  Pkin 
«  IVraiwrr. 
S»lS'.:^*T»<s^ll^  .V  .♦r«'  ^MWk-o  SSrc*.     !>Mft 

*  Mivroibr  inniiaoa). 
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le  Punctiform  Distribution   of  the   Cutaneous   Senses. — 
most  interesting  fart  in  regard  Uj  the  cutaneous  senses  is  that 
they  are  not  <listribute(l  uniformly  over  the  whole  skin,  but  are 
present  in  discrete  points  or  spots.     This  fact  was  first  clearly 
ihlished  by  Blix,*  althou(z;h  it  was  discovered  independently 
)y  Goldsrheider  and  in  this  eountry  by  Donalilson.     These  ob- 
'■Bervers  paid  attention  chiefly  to  the  wann  and  cold  spots.     The 
eacistence  of  these  spots  may  be  demonstrated  easily  by  anyone 
upon  himself  by  moving  a  metallic  point  gently  over  the  skin. 
If  the  point  has  a  temperature  below  that  of  the  skin  it  will  be 
noticed  that  at  certain  spots  it  arouses  simply  a  feeling  of  contact 
or  pressure,  while  at  other  spots  it  gives  a  distinct  sensation  of 
coldness.     If,  on  the  other  hand,  the  point  is  warmer  than  the 
skin  it  will  at  certain  spots  give  a  sensation  of  warmth.     On  mark- 
ing the  cold  and  warm  spots  thus  obtained  it  is  found  that  they 


«     ^ 


,• 


_FUt-  IIB. — RepreseaUklion  of  the  distribution  of  cold  and  warm  spots  on  the  volar 
m  at  foreaiTO  in  a  space  'J  crna.  by  4  cms.  The  rc<l  data  reprenont  the  colil  sptits  as 
I  at  a  letnperalure  of  10°  C.  The  black  dots  repreaerit  the  wanu  Ritols  as  tested  at  a 
atofv  o<  4l»  to  48"  C. 


occupy  different  positions  on  the  skin.     Elaborate  charts  have 
,.been    made  of  the    warm   and    cold   spots  on   different   regions 
the  skin,   the    apparatus   usually    employed    being   a    metal 
through  which  water  of  any  desired   temperature  may  be 
dated.     The   temperature  of  the  skin,  whatever  it  may   be, 


•  Btix,  "Z*"itflclirift  f.  Biologic."  20.  141,  1884;  Donaldson.  "Mind,"  39, 
L  1886.    See  aluo  GoldAcheider,  "  Archiv  f.  Physiolugie,"  1885,  suppl.  voiume. 
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forms  the  zero  line ;  any  object  of  a  higher  temperature  stimuktfs 
only  the  warm  spots,  while  one  of  a  lower  tem{XTature  acts  up(«» 
the  cold  spots.     The  pressure  or  tactile  sense  and  the  pain  sease 
are  also   distributed  in  a  punctiform  manner;  they  have  liwn 
studied  most  carefully  by  von  Frey.*     To  detennine  the  loca- 
tion of  the  pressure  points  he  used  fine  hairs  of  dififerent  diam- 
eters fastened  to  a  wooden  handle.     The  cross-areas  of  these 
hairs    arc    determined    by    moasureinents    under    the    micro- 
scope,    and     the     pressure     exerted     l)y     each     is     measured 
by  pressing  it  upon  the  scale  pan  of  a  balance.     The  quotient 
of  the  pressure  exerted  divided  by  the  cross-area  of  the  hair 
in  square  millimeters,  ^^"^„  reduces  the  pressure   to  a  unifoim  ! 
unit  of  area.     For  the  pain  points  fine  needles  may  be  employed 
or  stiff  hairs  similar  to  those  used  for  the  pressure  points.     From 
the  experiments  made  there  seems  to  be  no  doubt  that  each  of 
the  four  cutaneous  senses  has  its  own  spots  of  di.stribution  in  th€ 
skin,  tho.se  for  j>aiii  being  most  numerous  and  those  for  warmth 
the  least  niuueroiis.     There  is  some  reason  for  belie\ing  also  tha^ 
the  nerve  endings  mediating  the  pain  sense  lie  most  superficiallj 
in  the  skin  and  those  for  the  warm  sense  the  deepest. 

Specific  Nerve  Energies  of  the  Cutaneous  Nerves. — Many 
attempts  have  Ijeen  made  to  determine  whether  the  doctrine  o| 
specific  nerve  energies  applies  to  these  cutaneous  .senses;  that  i8| 
whether  each  sense  has  its  own  nerve  fibers  capable  of  giving  only  itfl 
own  quality  of  sensation.  The  evidence,  on  the  •«  hnlp.  is  favorably 
to  this  view.  According  to  some  observers,  electrical  or  mechanical 
stimulation  of  the  different  points  calls  forth  for  each  its  character- 
istic reaction.  Donaldson  has  found  that  cocain  applied  to  th<| 
eye  or  throat  destroys  the  senses  of  pain  and  pressure,  but  leave! 
those  of  heat  and  cold,  which  again  supports  the  view  of  separate 
fibers  for  each  sense.  In  addition  there  are  a  number  of  interesting 
pathological  cases  which  point  in  the  same  ilirection.  In  soma 
lesions  of  the  cord — syringomyelia,  ^or  instance — the  senses  in  the 
skin  of  the  parts  belmv  are  dissociate^!, — that  is,  there  may  be  loaa 
of  pain  and  temperature  in  a  certain  area  with  a  retention  of  the 
pi-essure  sense, — a  fact  which  indicates  that  these  senses  ha\*fl 
separate  paths  and  therefore  separate  nerve-fibers. f  Still  more 
interesting  cases  of  tlissociatinn  are  reported  as  the  result  of  the 
compression  of  peripheral  nerve  trunks.  Thus,  BarkerJ  describefli 
his  own  case,  in  which,  as  the  result  of  the  pres.sure  of  a  cervical 
rib  upon  some  of  the  cords  of  the  brachial  plexus,  there  was  a  region 
in  the  arm  lacking  in  the  jjressure  and  temperatxire  senses,  but  retain- 

•  Von  Frcv,  "Konigl.  Riichsisohon  Graf  llschaf  trior  Wiascnschafi  on,  Math.- 
phya.  Klius.^,'^  lS94-»5-9(;. 

t  Fr>r  nianv  intiTeHtin^  cases  of  diHsooiution  due  to  spinal  lesions  ace 
Head,  "Urain,"'  1906,  ."iS;. 

t  Barker,  "Joumiil  of  Experimental  Medicine,"  1,  348,  1896.  , 
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fmjt  the  sense  of  pain.     He  quotes  other  cases  in  which  the  reverse 
'  di*-sociation  occurred,  pressure  sense  alone  remaining.   The  simplest 
explanation  of  these  facts  is  the  view  that  each  pressure,  [)ain, 
warm,  and  cold  spot  is  supplied  by  its  own  nerve  fiber,  and  that 
each,  when  stimulated,  reacts,  if  it  reacts  at  all,  only  with  its  own 
peculiar  cpiality  of  sensation.     Accordhig  to  this  view,  artificial 
stimulation,   if  properly  rontrollecl,  of  the  trunks  of  the  nerves 
I  supplying  the  sldn  should  be  capable  of  bringing  out  these  different 
sense  qualities.     Experiments  made  with  this  pjoint  in  view  have 
not.  however,  been  very  successful.     Mechanical  or  electrical  stimu- 
I  lalion  of  the  ulnar  nerve,  for  instance,  gives  usually  only  pain  sensa- 
tions,  although  if    the   stimulus  is  feeble  contact  sensations   are 
laroiised.    The  method,  however,  is  probably  at  fault.     In  the  case 
'of  amputated  fingers  or  limbs  a  more  decisive  result  is  obtained. 
[As  is  well  known,  individuals  after  such  operations  may  for  many 
k'ears  have  sensations  of  their  lost  fingers  or  limbs.     In  such  ca-ses 
the  pressure  in  the  stump  of  the  wound  acting  upon  the  central  ends 
of  the  sensory  fibers  arouses  sensations  which  are  projected  in  the 
way,  and  give  the  feeling  that  would  he  experiencerl  if  the 
9t  parts  were  still  there  and  were  stimulatoil  in  the  normal  mamier. 
The   Temperature   Senses. — The    main    facts   regarding   the 
[idistribution  of  heat  anii  cold  spots  have  been  determined,  but 
most  of  the  experiments  on  record  no  distinction  was  made 
?tween  protopathic  temperature  sensations  ant!  those  mediated 
[by   the  epicritic  temperature  nerves.     It   is  difficult   to   adapt 
rthe  older  descriptions  to  this  newer  terminology,  but  when  not 
Otherwise  specifically  stated  it  may  be  assumed  that  the  epicritic 
system   is  referred   to.     In   general,   the  cold   spots  are  more 
[■numerous  than   the  warm  spots,   and   react   more  prompti}'  to 
[their    adequate    stimulus.     The    threshold    stimulus    varies    in 
[different  parts  of  the  skin,  the  tip  of  the  tongue  requiring  the 
fsniallest  stimulus  to  arouse  a  .sensation,  and  the  eyelids,  fure- 
[bead.    cheeks,   lips,   limbs,   and   trunk   following   in   the   order 
HJanxed.     According  to  Goldscheider.  the  spots  on  most  portions 
the  skin  form  chains  that  have  a  somewhat  r.idiate  arrange- 
ant  with   reference  to  the   hair  follicles.     The  temperature 
)inta    possess    each    its    adequate    stimulus,    that    for    the 
[cold  sp<^t  being  temperatures  lower  than  the  .skin  or  of  tlie  terminal 
of  the  cold  nerves,  that  for  the  heat  spots  temperatures  higher 
their  own.     From  the  standpoint  of  specific  nerve  rner- 
es  it  is  most  interesting  to  find  tliat  these  points,  particularly 
le  coltl  spot5,  may  be  stimulated  by  other  than  their  adequate 
istiniuli.    Mechanical  ami  electrical  stimulation  has,  in  the  hands  of 
ral  oliservers,  been  efficient  in  caasing  a  sensation  of  cokl  upon 
spot  and  of  heat  upon  a  warm  spot.     Some  chemical  stimuli 
are  also  effective.     Menthol  applied  to  the  skin  gives  a  cold  sensa- 


Digitized  1 


278  THE  SPECIAL   SENSES. 

tion,  while,  on  the  other  hand,  if  the  arm  be  plunged  into  a  jar  of 
carbon-dioxid  gas  a  distinct  warm  sensation  will  be  experienced. 
A  curious  effect  of  this  kind  is  what  is  known  as  the  paradoxical 
cold  reaction.  It  is  produced  by  applying  a  very  warm  object,  with 
a  temperature  of  40°  to  60°  C,  to  a  cold  spot.  According  to 
Head  and  Rivers  this  reaction  is  rather  characteristic  of  the 
protopathic  temperature  fibers.  It  can  be  obtained,  for  example, 
from  the  glans  penis,  which  possesses  only  protopathic  sensibility, 
or  during  the  course  of  regeneration  of  a  severed  cutaneous 
nerve.  In  this  latter  condition  hot  objects  applied  to  a  cold 
spot  give  a  vivid  sensation  of  cold.  The  same  result  may  be 
felt  sometimes  at  the  instant  of  entering  a  hot  bath.  Many 
efforts  have  been  made  to  determine  whether  there  is  a  specific 
kind  of  end-organ  for  each  of  these  senses.  Numerous  observers 
have  cut  out  the  skin  from  cold  or  hot  spots  and  examined  the 
removed  part  carefully  by  histological  methods.  The  general 
result  has  been  that  no  distinctive  end-organs  have  been  found. 
Von  Frey,  however,  believes  that,  although  the  heat  spots  are 
supplied  simply  by  a  terminal  end  plexus,  the  cold  spots  in  some 
places  at  least  have  as  a  special  end-organ  the  end-bulbs  of 
Krause.  This  conclusion  is  ba.sed  upon  the  fact  that  these 
end-bulbs  are  found  in  places,  such  as  the  glans  penis  and  con- 
junctiva, where  the  cold  sense  is  especially  prominent  or  exclu- 
sively present. 

The  (Epicritic)  Sense  of  Pressure  or  Touch. — The  cutaneous 
pressure  points  arc  smaller  and  more  numerous  than  the  cold 
or  warm  spots.  N'on  Frey  has  shown  that  in  those  portions 
of  the  boily  tliat  are  supplied  with  hairs  the  pressure  points 
lie  over  the  hair  follicles.  The  pressure  nerve-fibers,  in  fact, 
terminate  in  a  ring  surrounding  the  hair  follicle,  this  form 
of  tornunation  serving  svs  an  end-organ.  On  account  of  their 
(M>siti«>n  they  are  stimulated  by  any  pressure  exerted  upon 
the  hair.  Tlio  hair,  indeed, act'«  like  a  lever  and  transmits  any  pres- 
sure applir<l  to  it  with  increased  intensity,  acting,  therefore,  as  re- 
gards the  pn'ssurt'  oi^an  somewhat  like  the  ear-bones  in  the  case 
of  the  endings  of  tho  auditory-  ner\e.  In  parts  of  the  body  not 
fumisluHl  with  hairs  the  tactile  or  Meissner  corpuscles  are  found 
and  tlx^so  structun^s  doubtk'ss  function  as  pressure  end-oigans. 
nu\v  an*  |\irtir\darly  abundant  in  the  i>arts  of  the  hand  and  feet  in 
which  a  ilelirate  sens<»  of  pn^^xiir  is  prestMit  in  .spite  of  a  much  thick- 
eno^l  cpid«'rmis.  It  has  lnvn  t\*5timatetl  that  for  the  entire  surface 
of  the  IhhIv.  oxcludinc  tho  hoad  n^gion.  there  are  about  500,000 
of  ilu>si'  pn»ssun'  p«Mnts.  'rh«\>*«^  jx^ints  are  close  together  on  those 
l^arts.  stioh  as  tlio  tona:u»»  and  tinjjt^rs.  which  have  a  delicate  tactik) 
!*»U!s»»  and  more  witlely  .stattonnl  whore  the  sense  is  less  devek>ped. 

The  Threshold  Stimulus  and  the  Localizing  Power. — The 
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delicacy  of  the  sense  of  pressure  may  be  measured  by  determining 
the  minimal  pressure  necessary  to  arouse  a  sensation, — that  is, 
the  threshold  stimulus. — or  it  may  l>c  estimated  in  terms  of  the 
power  of  discriminating  two  contiguous  stimuli, — that  is,  the  mini- 
mal distance  that  two  points  must  be  apart  in  order  for  the  sensa- 
tions to  be  recognized  as  distinct.  The  two  methods  of  measure- 
ment do  not  coincide.  As  determined  by  the  tlireshold  stimulus, 
the  greatest  delicacy  is  exhibited  by  the  skin  of  the  face,  the  fore- 
head, and  temples.  According  to  the  older  niethotls  of  measure- 
ment, the  forehead  will  perceive  a  pressure  of  2  mgs.,  while  the  skin 
of  the  tips  of  the  fingers  needs  a  pressure  of  from  5  to  15  mgs.  to 
arouse  a  perceptible  sensation.  The  back  of  the  hand  or  the  arm 
is  more  sensitive  from  this  standp>oint  tiian  the  tips  of  the  fingers. 
WTien  measured  by  the  power  of  discriminating  t\vo  points — 
that  is,  the  localizing  sense — the  tips  of  the  fingers  are  far  more 
sensitive  than  the  skin  of  the  face  or  of  the  arm.  This  latter  prop- 
erty, in  fact,  stands  in  relation  to  the  closeness  of  the  pressure 
points  to  one  another.  The  localizing  sense  may  be  determined 
by  Weber's  method  of  using  a  pair  of  compasses  with  blunt  points. 
For  any  given  area  of  the  skin  the  power  of  discrimination  or  local- 
ization is  expressed  in  terms  of  the  number  of  millimeters  between 
the  two  points  at  which  they  are  just  distinguished  as  two  separate 
sensations  when  applied  simultaneously  to  the  skin.  Instruments 
made  for  this  purpose  are  designated  as  esthesiometers.  They 
cam'  two  points  the  distance  of  which  apart  can  be  readily  adjusted 
and  read  off  on  a  scale.  The  most  satisfactory'  form  of  eathesiom- 
Rt^r  is  that  deviseii  by  von  Frey.  The  two  jioints  in  this  case  are 
made  by  long,  rather  stiff  hairs  whose  pressure  can  be  made  quite 
uidforro.  According  to  the  older  mea.su rements,  the  discriminat- 
ing sensf  of  different  parts  of  the  skin  varies  greatly,  as  is  shown  by 
the  accompanying  table: 

Tip  of  the  ton^e 1.1  mms. 

Tip  of  finger,  palmar  surface 2.3  " 

Seoond  phalanx  finger,  palinar  surface 4.5  " 

First  phalanx  finger,  palmar  surface 5.S  " 

Third  phalanx  finger,  dorsal  surface 6.8  " 

Middle  of  palm 8  to  9     " 

Second  phalanx  finger,  dorsal  surface 11 .3  " 

Forehead 22.6  " 

Back  of  the  hand 31.6  " 

Forearm 40.6  " 

Sternum 45  " 

Along  tlie  spine .54  " 

Middle  of  neck  or  bock .  67.7  " 

The  tijis  of  the  tongue  and  the  fingers  are,  therefore,  the  most 
delicate  surfaces,  and  tliat  the  tongue  surpasses  the  fingers  in  this 
respect  is  easily  within  the  e-xperience  of  everyone  who  will  recall 
the  ease  with  which  small  objects  between  the  teeth  are  detected  by 
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the  tongue  as  compared  with  the  fingers.    From  the  above  data  it 
is  evident  also  that  the  whole  skin  may  be  imagined  as  eomposed 
of  a  mosaic  of  areas  of  different  sizes,  the  sensor\'  rircles  of  Weher, 
in  each  of  which  two  or  more  simultaneous  stimulations  of  the  pres- 
sure ncr\'es  give  only  one  pressure  sensation.     The  size  of  those 
areas,  particularly  where  they  are  large,  may  be  reduewi  by  practice, 
as  is  shown  by  the  increased  tactile  sensibility  of  the  blind.    The 
fact  that  we  can  recognize  two  simultaneous  pressure  stimuli  of  the 
skin  as  two  distinct  sensations  implies  that  the  two  sensations  have 
some  recognizable  difference  in  consciousness.    This  difference  is 
spoken  of  as  the  local  sign.     We  may  believe  that  e%en'  sensitive 
point  upon  the  skin  has  its  own  distinctive  local  sign  or  quality, and 
tlmt  by  experience  we  have  learned  to  project  each  local  sign  more 
or  less  accurately  to  its  proj)er  place  on  the  skin  surface.    Two  points 
on  this  surface  that  are  a  great  tlistanee  apart  arc  easily  recognized 
as  different;  but  as  we  bring  the  points  closer  together  tlie  difference 
becomes  less  marked  and  finally  disappears  when  the  distance 
corresponds  to  the  area  of  the  sensory  circle  for  the  part  of  the  skin 
investigated,  for  instance,  1  mm.  for  the  tongue,  22  mms.  for  the 
forehead,  etc.     The  ultimate  limit  of  the  power  of  discrimination 
was  assumed  by  Weber  to  depend  upon  the  area  of  distribution  of 
a  single  nerve  fiber.    Assuming  that  each  nerve  fiber  at  its  termi- 
nation spreads  over  a  certain  skin  area,  it  was  suggested  that  the 
size  of  this  area  forms  a  limit  to  the  power  of  discrimination, 
since  two  stimuli  within  it  would  affect  a  single  fiber  and  therefore 
would  give  a  single  sensation. 

This  view,  however,  has  not  been  supposed  to  accord  with  the 
facts  even  when  the  additional  supposition  was  made  that  the  local 
signs  of  two  adjacent  fibers  may  not  be  di-stinct  enough  for  us  to 
recognize  them  as  separate  and  that  practicaUy  there  must  be  a 
number  of  intervening  unstimidated  areas,  the  number  varj'ing 
according  to  the  sensitiveness  of  the  area.  Von  Frey  has,  however, 
given  a  new  method  of  testing  the  localizing  sense  of  the  skin,  the 
results  of  which  seem  to  accord  with  this  anatomical  explanation. 
If  instead  of  applying  the  two  points  simultaneousl}-  they  are 
applied  in  succession,  at  an  interval  of  one  second,  the  indiNidual  can 
distinguish  the  difference  when  two  neighboring  pressure  points  are 
stimulated.  Each  pressure  point  in  the  skin,  therefore,  has  a  local 
sign,  which  enables  us  to  distinguish  it  from  all  others,  and  by  this 
method  the  ultimate  sensor^'  circles  on  the  skin  become  much 
smaller  than  when  measured  bj'  the  usual  method  of  Weber.  The 
center  of  each  is  a  pressure  point  and  the  area  is  determined  by  the 
distance  from  this  center  at  which  an  isolated  stimulation  of  this 
point  can  be  obtained.  It  seems  probable,  moreover,  that  each  of 
these  pressure  points  is  connected  to  the  brain  by  a  separate  nerve 
path,  possibly  a  single  fiber,  and  that  this  anatomical  arrangement 
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nines  the  limitation  of   the  localizing  sense  for  different 

of  the  skin. 

In  llie  npwcr  work  of  Head  an(]  Ri'vors,  whirh  has  hrr-n  referred  tn  eeveral 
*,  it  ■will  be  rt'callwl  that  tlii-y  disiiiiKuisli  first  rtf  all  bftwepii  c'iitan«>U8 
sfbility  to  pressure  and  u  deep  sense  of  pressure.  Wlien  tlic  cutaneous 
lK»rs  of  a  givpn  area  are  all  ilestroyeil  by  depenenition,  the  area  is  still  sen- 
itive  to  preswire  applie<l  ho  as  to  deform  the  skin  inward.  Tlie  sjKjt  so 
imulatfd  can  be  iocaliited  aeouralely.  This  deep  sonso  of  pressure  iu  mediated 
the  deep  nerve  fibers  which  supply  the  miisclfs.  According  lo  tliese 
itliors  the  cutaneous  pressure  sensihilily  its  ruediHted  by  two  set.«*  of  fibers, 
Ijose  which  give  \is  tlie  power  of  tactile  discriiiiinalion  wiien  the  compass 
lints  are  applied  simultaneously  to  the  .skin,  and  those  which  give  us  the 
wcr  of  recognizing  simply  light  pressiircsi.  In  lesion.s  of  the  apinai  cord  m\e  of 
csr  sensibilities  may  \nr  lost  and  the  other  rctainnl  over  a  given  skin  area 
(Head  and  Thompson,  "Brain,"  UXX>).  In  fact,  the  fiberB  of  tactile dLsorimi- 
tion  are  stat.e<j  to  p«ss  up  the  cord  (uncrossed)  in  tht'  posterior  funicuJi, 
hile  fhotie  of  light  pressures  a-scind  in  the  lateral  or  anterolateral  funiculi 
id  crrr«s  befori'  reaching  the  mn<lulla. 

The  Pain  Sense.— Pain  is  probably  the  sense  that  is  most  widely 
distributed  in  the  body.  It  is  present  throughout  the  skin,  and 
der  certain  conditions  may  be  aroused  by  stimulation  of  sensory 
rv'es  in  the  various  visceral  organs,  and  indeed  in  all  of  the  mem- 
nes  nf  the  body.  Our  knowledge  of  the  physiological  properties 
the  end-organs  and  nerves  mediating  this  sense  is  rhiefiy  limited 
to  the  skin,  and  for  cutaneous  pain  at  least  the  evidence,  as  stated 
above,  is  very  strongly  in  favor  of  the  view  that  there  exists  a  special 
set  of  fibers  which  have  a  specific  energy  for  pain.  All  recent  ob- 
r\'ers  agree  that  the  pain  sen-^ie  has  a  punctiform  distribution  in 
e  skin,  the  pain  pouits  being  even  more  numerous  than  the  [ires- 
re  points.  The  threshold  stimulus  of  these  points  in  various 
ions  may  be  determined  by  von  Frey's  stimulating  hairs,  and 
periments  of  this  kind  show,  as  we  should  expect,  that  it  varies 
gjeatly.  The  cornea,  for  instance,  gives  sensations  of  pahi  with 
much  weaker  stimuU  than  in  the  case  of  the  finger  lips.  In  general, 
however,  the  threshold  stimulus  is  much  higher  for  the  pain  than 
for  the  pressure  point,s.  Histological  examination  of  the  pain  points 
indicates  that  there  is  no  special  end-<jrgan,  the  stimulus  taking 
effect  upon  the  free  endings  of  the  nerve  fibers.  Any  of  the  usual 
fonns  of  artificial  nerve  stimuli  may  affect  these  entiings  if  of  suf- 
ficient intensity,  and,  as  is  well  known,  stimuli  applied  to  sensor}' 
rve  trunks  afTet^t  these  fibers  with  especial  ease.  A  temperature 
50**  to  70"^  C.  applied  to  an  afferent  nerve  will  cau.9e  violent  pain 
ions,  but  has  no  effect  upon  the  motor  nerve  fibers  in  the  same 
Mechanical  stimulation  gives  usually  only  pain  sensations, 
d  the  results  of  inflammatory  changes,  as  in  neuritis  or  neuralgia, 
arc  equally  marked. 

Localuation  or  Projection  of  Pain  Sensations. — Under  normal 

conditions  cutaneous  pains  are  projected  with  accuracy  to  the  jwint 

lUlated,  and  it  is  possible  that  this  result  is  due  in  part  at  least 

the  training  acquired  in  connection  with  concomitant  (epicrittc) 


Piqi'izRd  bv* 


282  THE    SPECIAL   SENSES. 

pressure  sensatioas.  the  latter  acting  as  a  guide  or  aid  in  the  pro- 
jection.    Thus  in  the  vases  referred  to  above,  in  which  a  jxjition 
of  the  skin  had  lost  the  sense  of  pressure  and  temperature,  but 
retained  that  of  pain,  it  was  found  that  the  localization  was  very 
incomplete.     Pain  arising  in  the  internal  organs,  on  the  contrary, 
is  located  very  inaccurately.     The  pain  from  a  severe  lootliache, 
for  example,  may  lie  projected  quite  diffusely  to  the  side  of  the  face. 
A  very  interesting  fact  in  this  connection  is  that  such  pains  are 
often  referred  to  points  on  the  skin  and  may  be  accompanied  by 
skin  areas  of  tenderness.     Pains  of  this  kind  that  are  mLsreferreii 
to  the  surface  of  the  body  are  designated  as  reflected  pains.     It  has 
been  shown  by  Head  *  and  others  that  the  different  visceral  organs 
have,  in  this  respect,  a  more  or  less  definite  relation  to  certain 
areas  of  the  skin.     Pains  arising  from  stimuli  acting  upon  the 
intestines  are  located  in  the  skin  of  the  back,  loins,  and  abdomen 
in  the  area  supplied  by  the  ninth,   tenth,   and  eleventh  dorsal 
spinal  nerves;  pains  from  irritations  in  the  stomach  are  located 
in  the  skin  over  the  enaiform  cartilage;  those  from  the  heart  in  the 
scapular   region,   and  so  on.     The  explanation   offered   for   this 
misreference  is  that  the  pain  is  referred  to  the  akin  region  that  in 
supplied  from  the  spinal  segment  from  which  the  organ  in  questioa 
receives  its  seasorj'  fibers,  the  misreference  being  due  to  a  diffusion 
in  the  nerve   centers.     As   Head   expresses   it,   "when   a   painful 
stimulus  is  applied  to  a  part  of   low  sensibility  in  close  central 
connection  with  a  part  of  much  greater  sensibility  the  pain  pro- 
duced is  felt  in  the  part  of  higher  sensibility  rather  than  in  the  part 
of  lower  sensibihty  to  which  the  stimulus  was  actually  applied." 
It  is  interesting  that  affections  of  the  serous  cavities— e.  g.,  the 
peritoneum — do  not  cause  reflected  pains  or  cutaneous  tenderness 
as  in  the  case  of  the  viscera.     Another  notable  fact  in  this  connec- 
tion is  the  occurrence  of  the  condition  known  as  allochina.     When 
from  any  cause  one  or  other  of  the  cutaneous  senses  is  depressed 
in  a  given  area  stimulation  in  this  region  may  give  .sensations 
which  are  referred  to  the  symmetrical  area  on  the  other  side  of 
the  body,  or,  if  this  also  is  involved,  it  may  be  referred  to  the  area 
next   above   or   below   in    the   spinal   order.     The   above   law, 
according  to  which  projectitm  is  made  to  the  area  of  high  sensi- 
bility most  closely  connected  with  the  area  of  low  sensibility, 
seems  to  hokl  in  this  case  also. 

Muscular  or  Deep  Sensibility. — The  existence  of  a  special  set 
of  sensory  nerve-fibers  distributed  to  the  muscles  was  clearly 
recognized  by  some  of  the  older  ijhysiologista.  Charles  Bell,t 
for   example,    says  ;     "  Between    the    brain    ami    the    muscles 

*  Hcaci,  "Brain,"  H>,  1,  IXWd.  niifi  24,  ;i4r>,  l!101. 

t  IJcll,  '*Thi"  NervoiiH  System  of  the  Humau  Body,"  third  edition,  Lon- 
don, 1.S44,  p.  200. 


Digitized  by 


CUTANEOUS    AND    INTERNAL    SENSATION. 


283 


ere  is  a  circle  of  nerves;  one  nerve  conveys  the  influence 

om  the  brain  to  the  muscle;  another  gives  the  sense  of  tlie 

ndition  of  the  muscle  to  the  brain."     The  concluaive  proof 

f   the  existence  of  such   fibers,   however,    has  onty  been    fur- 

ished  within  recent  years.     It  haa  been   demonstrateil  that 

ere  are  speciaJ  sensory  endings  in  the  muscles,  the  so-called 

luscle  spindles,  and  in  the  attached  tendons,  the  tendon  spindles 

r  tendon  organs  of  Colgi.     The  muscle  spindles  are  found  most 

quently  in  the  neighborhood  of  the  tendons,  at  tendinous  inter- 

tions  or  under  aponeuroses.     Sherrington*  has  shown  that  the 

nerve  fibers  in  them  do  not  degenerate  after  section  of  the  anterior 

roots  of  the  corresponding  spinal  nen.'es  and  are  therefore  derived 

from  the  posterior  roots.     In  the  muscles  of  the  limbs  he  estimates 

that  from  one-half  to  one-third  of  the  fibers  in  the  muscular  nerve 

branches  are  sensory,  and  tliat  most  of  these  seasory  fibers  end  in 

the  muscle  spindles.     On  the  physiological  and  clinical  aide  facts  of 

various  kinds  have  accumulated  that  make  clear  the  existence  of 

gjoup  of  sensor)' fibers  and  emphasize  their  essential  importance 

the  co-ordination  of  our  muscular  movements.    It  has  been  shown 

that  stimulation  of  the  nenes  distributed  to  the  muscles  or  mechani- 

cal  stimulation  of  the  muscles  themselves  causes  a  depressor  effect 

upon  blood-pressure,  thus  demonstrating  the  presence  of  afferent 

fibers  in  the  muscles.     As  described  in  the  section  upon  the  central 

nervous  system,  the  numerous  experiments  upon  the  effect  of  section 

of  the  posterior  and  lateral  funiculi  of  the  cord,  and  observations 

Upon  the  re.sult.s  of  patbtilogical  Icsiims  of  the  po.stcrior  funiculi 

tabes  dorsalis)  give  results  which  are  interpreted  to  mean  that 

rs  of  mu.scular  sensibility  form  the  most  important  group  in 

c  posterior  funiculi  and  constitute,  as  well,  j->erhaps,  the  long, 

ending  fibers  in  the  cerebetlospinid  fasciculus  in  the  lateral 

niculi.     It  is  believed,  therefore,  that  our  so-called  voluntary 

uacles  are  richly  supplied  with  afferent  fil)ers  and  tliat  the  iin- 

Isee  carried  by  these  fibers  in  the  brain  are  lUH-csKary  for  the 

iroper  contraction  of  the  itujsclo.s.  and  (mrticularly  for  the  ade- 

ftte  combination  of  the  contractions  of  groups  of  muscles  in 

le  co-ordinated  movements  of  equilibrium.     Indeed,  section  of 

e  posterior  roots  of  the  spinal  nerves  supplying  a  given  region 

followed  by  a  loss  of  control  <if  the  muscles  in  this  region 

rdly    Iei«   complete   than    the    paralysis   produce<l    i>y   direct 

tion  of  the  anterior  mots;  the  muscles  not  only  kise  their 

ity  in  consequence  of  the  dropping  out  of  the  reflex  sensory 

iniiili  from  the  skin  and  muscles  of  the  region,  but  they  are 

patently   withdrawn  fipni    voluntary   rontrol  in  spite  of  the 

intenance  of   their  normal   motor   connections.     Within   the 

nlral  nervous  system  thr  fibers  of  muscle  sense  end  in  part  in 

•Sherrington.  "Journal  of  Physiology,"  17,  237,  1894. 
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the  cerebellum  anil  in  part  pass  forward,  by  way  of  the  meilian 
fillet,  to  end  in  the  cerebrum.  In  the  cerebrum  they  end  in  the 
cni'tox  of  the  {)ariet;d  lube  in  the  region  of  the  posterior  central 
ctmvuiution.  There  is  reason  to  believe  that  this  cortical  sense 
area  of  the  muscle  sense  is  connected  by  aj^sociation  fibers  with 
the  motor  areas  lying  anterior  to  the  central  fissure  of  Rolando, 
and  we  have  thus  a  reflex  arc — or,  as  Bell  expressed  it.  a  circle 
of  nerves  between  the  muscles  and  the  brain.  It  is  prt>bable 
that  a  similar  arc  or  circle  is  formed  by  the  connections  through 
the  cerebellum,  and  still  a  third  one  of  a  lower  order  by  the 
connections  in  the  spinal  cord.  In  the  higher  animals  the 
iin[)ulsc9  received  in  the  cerelvellum  through  the  fibers  of  muscle 
sense,  in  connection  with  those  received  from  the  semicircular 
canals  and  ve.'^tiVjular  sacs  of  the  ear,  furnish  the  sensory  basis 
for  the  cerebellar  control  of  muscular  movements,  particularly 
of  the  synergetic  ciHnl»itiati*ins  necessary  in  locomotion.  Through 
the  circle  or  arc  in  the  cortex  of  the  cerebrum  it  may  be  suppoisc<l 
that  our  churacteristic  voluntary  movements  are  affecte<i,  and 
it  may  be  doubted  whether  a  so-called  voluntary  contraction 
can  be  made  when  this  circle  is  broken  on  the  sensory  side. 
Whether  or  not  this  latter  suggestion  is  true,  it  seems  to  be 
beyond  doubt  that  adequately  controlled  voluntary  movements 
depend  for  their  ailaptalion  upon  the  inflow  of  sensor^'  impulses 
along  the  fibers  nf  muscle  sense.  We  have  a  certain  conscious- 
ness of  the  condition  of  our  muscles  at  all  times,  and  if  we  were 
deprived  of  this  knowledge  we  should  be  unable  to  control  them 
properly,  perhaps  unable  to  use  them  voluntarily. 

The  Quality  of  the  Muscular  Sensibility. — Under  the  term 
niusmdar  sensiljility  in  its  wide  sense  we  must  understand  the 
sensibility  inefliated  by  the  afferent  fillers  from  the  muscles, 
the  tendons,  ligaments,  and  joints.  The  quality  of  these  deep 
sensations  is  of  several  kin<ls — we  have  first  of  all  the  deep 
pressure  sensibility  (see  p.  281),  which  gives  a  definite  conscious 
reaction  that  is  well  localized.  It  is  usually  projected  to  the 
exterior  and  is  not  conscinusly  separated  from  the  tactile  or 
pressure  sensations  of  the  akin.  We  prtjl>ably  make  much  use 
of  this  sensibility  in  judging  the  weight  and  resistance  of  bodi* 
Muscular  sensibility  proper  is  that  ill-<lefined  consciou8n< 
which  we  p(»ssess  of  the  condition  and  position  of  our  musrl 
or  of  the  joints  or  limbs  moved  by  them.  It  includes  alst*  t 
sense  of  jja-^wlvc  position,  and  the  sense  of  effort  and  of  the  spatial 
relations  of  the  limbs  in  motion  or  at  rest.  When  the  afferent 
filM«rs  from  the  nuisclt-s  and  joints  are  traced  into  the  central 
nervous  system,  some  of  thom,  it  will  be  remembered,  enter  the 
tract«i  of  Flechsig  anti  Gowcr  and  end  in  the  ccrclM'llum,  while 
others  pass  up  the  conl  in  the  posterior  funiculi,  enter  the  lemniscus, 
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terminate  eventually  in  the  cerebral  cortex  in  the  post- 
Lolandic  region.  Our  conscious  muscular  sensations  are  mediated 
pliBUniably  by  this  latter  group.  The  untrained  person  scarcely 
lizes  the  existence  of  these  sensations,  but  they  are  e\i- 
ifint  enough  upon  analysis,  and  it  is  most  certain  that  they  take 
a  fundamental  part  in  regulating  our  movements.  In  all  our 
estimations  of  the  extent  of  the  muscular  contractions  they 
form  the  chief  sensory  basis,  and  in  this  way  they  may  indi- 
re<;tly  furnish  us  with  data  for  |>erceptions  and  judgments  of 
various  kinds.  Thus,  in  the  judgments  of  distance  based  upon 
ri.suai  impressions  it  is  believed  that  for  close  objects,  partic- 
xlarly,  the  muscle  sense  connected  with  the  extrinsic  and  in- 
trinsic musculature  of  the  eyeballs  plays  a  fundamental  part. 
^tf)i.iubtless  also  this  sense  takes  an  essential  part  in  the  primitive 
^■orniation  of  our  conceptions  of  space,  since  it  imiy  be  assumed 
^Bhat  the  continual  movements  of  the  e.xtreniities  in  connection 
^B^^itb  our  visual  and  tactile  impressions  furnish  essential  data 
^ftpon  which  we  build  our  perceptions  of  distance  ami  size,  our 
judgments  of  spatial  relations.  As  is  explaineii  in  the  c'ha[>ter 
jOn  the  Physiology  of  the  Ear,  the  sensations  from  the  semi- 
rcular  canals  and  vestibular  sacs  co-operate  in  giving  data  for 
fundamenttsl  conceptions,  and  it  is  not  possible  for  us  to 
itangle  the  parts  tnken  by  these  senses  separately  in  Imilding 
our  knowledge  of  the  external  world.  In  excessive  musnilar 
fort  the  quality  of  the  muscle  sensation  undergoes  a  change 
id  becomes  stnmg  enough  to  make  a  distinct  and  peculiar 
sssion  upon  our  consciousness.  We  tlesignate  this  feeling 
ktigue,  but  there  is  no  question  apparently  that  this  sensation 
mediated  through  the  same  nerve- fibers  that  ordinarily  give 
our  muscular  sensibility. 

Sensations  of  Hunger  and  Thirst, — Hunger  and  thirst  are 
""lypMcal  interior  (or  common)  sensations.  We  feel  them  as  changes 
in  ourselves.  Neither  sense  has  been  the  direct  object  of  much 
experimental  investigation,  and  what  knowledge  we  jxjssess  is  there- 
lore  derived  largely  from  acciilenttil  or  pathological  sources.  Hunger 
its  mild  form  is  designated  as  apj>etite.  It  occurs  normally  at  a 
in  interval  after  meals,  and  is  referred  or  projected  more  or 
[accurately  to  the  stomach.  It  is  not  knowii  whether  this  sense 
is  mediated  by  a  special  set  of  scrusor}^  fibers  distributed  to  the 
mucous  membrane  of  the  stomach,  or  whether,  perhaps,  it 
may  be  a  quality  of  the  sensor}'  impressions  from  the  muscular 
^■poat.  The  former  \'iew  seems  more  proljable,  especially  when  it  is 
^fciemrTnbprvd  that  loss  of  appetite  or  anorexia  is  so  frequently  an 
accompaniment  of  pathological  changes  in  the  membrane  of  the 
stomach.  The  nen-ous  mechanism  through  which  this  sense  is  me- 
diated is  of  most  essential  importance  and  deserves  more  careful 
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study  at  the  hands  of  physiolofjists  and  pathologists.    Under  ordi- 
nary conditions  of  life  all  of  tho  rpgidation  of  the  amount  and  quality 
of  the  food  necpssar^'  tu  the  pro|H'r  nutrition  of  tht-  body  anti  the 
inaintf^nance  of  body  equilibrium  is  eflFrr-ted  through  thissense.  Its  , 
striking  influence  upon  the  body  at  large  is  well  illustrat^ed  in  the  case  ' 
of  animals  (pigeons,  dogs)  deprived  of  their  cerebrum.     During  the 
period  of  fasting  these  animals  sliow  all  the  external  sign-si  of  hunger  : 
and  keep  in  continual,  restle.si?  movement  that  seems  to  imply  a  con- 
stantly acting  sensory  stimulus.     We  maj*  assume  that  appetite  j 
has  its  sensorj'  origin,  its  peripheral  nerve  endings  in  the  stomach,  | 
and  that  these  endings  are  excited  in  some  unknowTi  way  when  the.  i 
sttunach  is  empty.     This   gastric  hunger,  a.s  it    might  be  called, 
disapjjears,  or  the  apix>tite  is  api>easpd  wheu  the  stomach  is  filled. 
Thi.-?  fact  in  itself  would  indicate  that  the  stimulus  has  a  local 
origin  in  the  stomach,  and  is  not  dependent  upon   any  general 
change  in  the  nutritive  condition  of  the  body.     The  appetite  \a 
satisfied  by  filling  the  stomach   with  food  long  before  this  food 
is  actually  aKsorbed  and  distributed  to  the   tissues.     The  inges- 
tion of  totally  indigestible  material  would  probabh'  have  temporarily 
a  similar  result.     The  exact  nature  of  the  conditions  that  lead 
to  or  cause  a  stimulation  of  the  sensory  nerves  of  appetite  in  the 
stomach  remains  unexplained.    The  well-known  fact  tliat  muscular 
exerci.se  and  low  temperatures  and  particularly  a  combination  of 
the  two  cause  a  marked  augmentation  of  the  appetite  would  suggest 
that  the  sensory  stimulus  is  inflluenced  by  the  extent  or  character 
of  the  oxidations  in  the  mxiecular  tissues,  and  that,  therefore,  some 
substance  may  be  formed  as  the  result  of  these  oxidations  which 
affects  the  sensorj'  nerves  of  the  stomach.     The  same  general  sug- 
gestion is  contained  in  the  fact  that  dial>eticjj  exhibit  an  abnormal 
api>etite  in  spite  of  abundant  feeding.     In  these  individuals  the 
carbohydrate  food  escapes  oxidation  more  or  less  comjitctely,  and 
the  metabolism,  particularly  in  the  muscles,  involves,  therefore, 
to  a  greater  extent,  the  oxidation  of  protein  material. — a  fact  which 
may  stand  in  some  relation  to  the  abnormal  appetite  that  is  observed. 
The  complexity  of  t!ie  nervous  apjiaratus  that  controls  the  appetite 
is  shown  also  by  many  fact.s  from  tlie  experiences  of  life  and  from 
the  results  of  laboratory  investigations.     For  example,  it  is  found 
that  large  amoimts  of  gelatin  in  tlie  diet,  although  at  first  accepted 
willingly,  .soon  provoke  a  feeling  of  dislike   and  aversion  to  this 
particular  foodstuff  such  as  cannot  be  overcome.     An  animal  will 
starve  rather  than  use  the  gelatin,  although  all  of  our  direct  physio- 
logical evidence  would  indicate  that  this  substance  is  an  efficient 
food,  playing  mia-h  the  same  i>art  as  the  fats  or  carbohydrates. 
A  fact  of  this  kind  indicates  that  the  sensor>'  apparatus  of  the  appe- 
tite is  influenced  in  some  specific  way  b}^  the  metabolism  of  this 
particular  material.     So  also  the  feeling  of  satiety  and  aversion  for. 
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Food  that  follows  overfeeding  indicates  something  more  than  a  sim- 
ple removal  of  the  sensations  of  appetite;  it  implies  an  active  state, 
due  poasibly  to  the  excitation  of  sensory  fibers  of  a  different  char- 
acter. With  regard  to  the  effects  of  prolongcfl  stan^atinn,  the 
pangs  of  hunger  that  are  felt  at  first  do  not  seem  to  increase  in  in- 
tensity to  such  an  extent  as  to  cause  actual  suffering.  The  testi- 
mony of  tlie  "professional  fasters,"  at  least,  seems  to  show  that,  if 
•vvater  is  pro\idcfl,  prolonged  deprivation  of  food  is  not  accompanied 
by  the  intense  discomfort  or  suffering  popularly  associated  with 
the  idea  of  complete  starvation. 

The  Sense  of  Thirst. — (►ur  sensations  of  thirst  are  projected 
more  or  k-ss  accurately  to  the  pharynx,  and  the  facts  that  we  know 
woidd  seem  to  indicate  that  tlie  sensory  nerves  of  this  region  have 
the  injportant  function  of  mediating  this  sense.    The  water  con- 
sents of  the  body  are  subject  to  great  changes.     Through  the  lungs, 
je  skin,  and  the  kidneys  water  is  lost  continually  in  amounts  that 
iry  with  the  conditions  of  life.     This  loss  affects  the  blood  directly, 
it  is  doubtless  made  good,  so  far  as  this  tissue  is  concerned,  by  a 
^U  upon  the  great  mass  of  water  containeil  in  tlie  storehouse  of  the 
tissues.     To  restore  the  bod)'  tissues  to  their  normal  equilibrium 
in  water  we  ingest  large  quantities,  and  the  control  of  tliis  regula- 
tion is  effectetl  through  the  sense  of  thirst.     We  know  little  or 
nothing  about  the  nervous  apparatus  involved;    but  it  may  be 
sumed  that  when  the  water  content  falls  below  a  certain  amoimt 
16  nerve  fillers  in  the  pharyngeal  membrane  (fibers  of  the  glosso- 
pharyngeal nerve)  are  stimulated  and  give  us  the  sensation  of 
thirst.     That  we  have  in  this  membrane  a  special  end-organ  of 
thirst  is  indicated,  moreover,  by  the  fact  that  local  drying  \n  this 
rion,  from  dry  or  salty  food,  or  dry  and  dusty  air,  produces  a 
ition  of  thirst  that  may  be  appeased  by  moistening  the  mem- 
ine  with  a  small  amount  of  wat«r  not  in  itself  sufficient  to  relieve 
genuine  water  need  of  the  body.     Our  normal  thirst  .sensations 
ight  be  designated,  therefore,  as  pharyngeal  thirst,  to  indicate 
the  probable  origin  of  the  sensory  stimuli.     Prolongeii  deprivation 
of  water,  however,  must  affect  the  water  content  of  all  the  ti-ssues, 
and  under  these  conditions  sensations  are  experienced  whose  quality 
■^  not  that  of  simple  thirst  alone,  but  of  pain  or  suffering.     AH  ac- 
^Hounte  agree  that  complete  deprivation  of  water  for  long  periods 
^^■kduces  intense  discomfort,  anguish,  and  possibly  mental  troubles, 
^Bnd  we  may  suppose  that  under  these  conditions  sensory  nerves 
^^■re  .'jtiniulat«d  in  many  tissues,  and  that  the  metabolism  in  the  ner- 
^Hdus  system  in  addition  is  directly  affected  by  the  loss  of  water.     It 
^Hi  interesting  to  note  that  while  in  diseases  due  to  a  general  infection, 
loss  of  appetite,  anorexia  is  a  frequent  symptom,  there  is  no  corre- 
>ndingloss  of  the  sense  of  thirst.    P^venin  hydrojihobia  the  patient 
cperien«"»«  the  sensations  of  thirst,  althuugh  unable  to  drink  water. 
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CHAPTER  XVI. 
SENSATIONS  OF  TASTE  AND  SHELL. 


The  sense  of  taste  is  mediated  by  nerve  fibers  distributed  to' 
parts  of  the  buccal  cavit}^  and  particularly  to  parts  of  the  tonpie. 
The  most  sensitive  regions  are  the  tip,  the  borders,  aad  the  pasterior 
portion  of  the  dorsum  of  the  tongue  in  the  region  of  the  circuift" 
vallate  papillae.  Taste  buds  and  a  sense  of  taste  are  described  alac 
for  the  soft  palate,  the  epiglottis,  and  even  for  the  lar}-nx.  Th< 
sense  is  not  present  uniformly  over  the  entire  dorsnm  of  the  tongue 
On  the  noittran,',  it  has  an  irregular,  pimrtifomi  liistribution  ov« 
most  of  this  region  with  tlie  exception  of  the  parts  mentioned  abovi 

The  Nerves  of  Taste. — The  anterior  two-thinls  of  the  tong^ 
are  supplied  with  sensory  fibers  from  the  lingual  nerve,  a  bran< 
of  the  inferior  maxillarj*  division  of  the  fifth  nerve,  and  the  posteri 
third  from  the  glossopharyngeal.  Tiie  taste  fibers  for  these  regiof 
therefore,  are  supplied  inmiecMately  through  these  nerves.  It  h 
been  shown,  moreover,  that  the  taste  fibers  carried  in  the  lingu 
are  brought  to  it  through  the  chorda  tympani  nerxe,  which  aris 
from  the  seventh  cranial  nerve  and  joins  the  lingua!  soon  aft 
emerging  fnnn  the  tymimnic  cavity  of  the  car.  Tliere  has  bei 
much  discussion  as  to  the  origin  of  these  taste  fibers  from  the  brai 
At  first  sight  it  would  wseem  that  the  fibers  for  the  posterior  thi 
of  the  tongue  must  have  their  origin  from  the  brain  in  the  gloss 
phar^'ngeal  and  those  for  the  anterior  two-thirds  in  the  senso; 
portion  of  the  facial.  Many  8urgo<ins  ha^•e  reported,  however,  th 
complete  extirpation  of  the  semilunar  ganglion  of  the  fifth  ner'* 
is  followed  by  complete  loss  of  taste  in  the  corresi)onding  side  i 
the  tongue,  and  others  have  described  a  loSvS  of  tjuste  for  tl: 
anterior  two-thirds  following  a  similar  operation.  Some  authoi 
have  asserted,  tlierefnre,  tluit  uU  the  taste  fibers  original 
or  rather  end  in  the  sensory  nucleus  of  the  fifth,  while  othei 
believe  that  the  fillers  running  in  the  chorda  tympani,  at  leas 
take  their  origin  in  the  fifth  nerve.  It  is  supposed  by  thes 
authors  that  the  fibers  reach  the  semilunar  ganglion  by  a  ci] 
cuitous  route,  as  is  indicated  in  tlie  tUagram  given  in  Fig.  12( 
Those  that  run  in  the  lingual  and  chorda  tympani  nerves  ai 
assumed  to  pass  to  the  ganglion  by  wa}'  of  the  great  suj>erficii 
petrosal  and  Vidian  nerves  and  tlie  sphenopalatine  ganglioi 
while  those  that  are  contained  in  the  glossopharyngeal  reac 
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le  same  ganglion  through  the  tynipanic  nerve^  the  small  super- 
'■ficial  jjetrosal,  and  the  otic  Kanglion.  A  report  l>y  Cashing* 
of  the  results  of  removal  of  the  (lasseriaii  ganglion  in  thirteen 
cuses  throw's  much  doubt  upon  these  views.  This  autlior  made 
CAreful  examinations  of  the  sense  of  taste,  not  only  immeiiiately 
after  the  operation,  biit  for  a  long  period  subsequently.  He 
states  that  in  no  case  was  tliere  any  effect  upon  the  sense  of  taste 
in  the  posterior  third  of  the  tongue.  We  may  beUeve,  therefore, 
that  the  taste  fibers  of  this  part  arise  immediately  from  the  gangiion- 
cells  in  the  petrosal  ganglion  and  enter  the  brain  with  the  roots  of 
the  nerve  to  terminate  in  its  sensory  nucleus  in  the  medulla. 


^.ScKtlvkUt 


'© 


'^ 


^^. 


-&.(Xu«in. 


Y/tiza 


|.  IW. — Srhenia  to  iihow  llie  course  of  tlie  la*tp  fiber?  rrom  tongu*  to  bniin. — 
Una.)  Th*  iloit«d  UnM  represent  the  course  as  indicBted  hv  Cu-thinB'H  olwervstioim. 
full  black  lines  indicate  Ibe  patba  by  which  some  authors  have  Buppoded  that  these 
'  enter  the  brain  in  the  trigeminal  nerve. 


Hoarding  the  anterior  two-thirds  of  the  tongue,  the  lingual  region. 
wa«  found  that  in  .some  cases  there  was  at  first  a  loss  of  acuity  of 
le  or  even  an  entire  disappearance  of  the  sense,  but  subsequently 
returned.  It  would  seem,  therefore,  that  the  less  of  taste  de- 
rifjed  after  removal  of  the  Gii.s.serian  ganglion  is  an  incidental 
ult  the  cause  of  which  is  not  entirely  clear.  Cushing  attributes 
tt»  a  postoperative  degeneration  and  swelling  in  the  fibers  of  the 
gual  ner\'e,  which  affect  the  conductivity  of  the  intermingled 
liers  of  the  chorda  tympani.     Since,  however,  there  is  no  perma- 

*  riishing.  ■■  Bulletin  of  the  Johns  Hopkins  Hospital,"  H.  71.  1903-     Gives 
■l»o  the  cu7gi<*al  lit^mture. 
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nent  loss  of  taste  in  this  region,  it  follows  that  the  taste 
cUi  not  pass  through  the  (.Jjisseriivn  ganglion.     We  may  a! 
therefore,  that  they  <iriginate  direetly  in  the  nerve  cells 
gpiiirutate  ganglion  and  enter  the  brain  v-nth  the  fibers 
interniediitte  nerve  in.  interniedius  Wrisbergii). 

The  End-organ  of  the  Taste  Fibers. — In  the  circum 
papidtp,  in  some  of  the  fungiform  papjlla\  and  in  certain  p 
of  the  fauces,  palate,  epiglottis,  or  even  the  vocal  cords  th< 
found  the  organs  known  as  taste  buds  which  are  believed 
as  ix'riphcral  organs  of  taste.  These  curious  structures  are 
sented  in  Fig.  121.  They  are  oval  bodies  with  an  externa 
of  tegmental  or  cortical  cells,  and  they  contain  in  the  int 

number  of  elongate* 
each  of  which  ends  in 
like  proreas  which  p 
thrtmgh  the  central 
pore  of  the  organ, 
latter  cells  may  be  < 
cred  as  the  true  sons 
the  hair-like  proeesi 
stitutes  probably  th 
that  is  stimulated  d 
by  sapid  substances 
impulse  thus  arous 
cominunicatetl  throu, 
l)ody  of  the  cell  1 
endings  of  the  taste 
which  terminate  i 
these  cells  by  te 
arlx)rizations  of  the 
general  type  as  in  tl 
of  the  hair  celled 
cochlea.  V 

Classification  of  Taste  Sensations. — Our  taste  seni 
arc  ver>-  mimeroiis,  but  it  hu.s  been  shown  that  there  ar 
primar\'  or  fundamental  sensations, — namely,  sweot,  bittei 
and  salty.  «n»l  thai  all  other  tastes  are  combinations  of 
primar>'  sensations,  or  combinations  of  one  or  more  of  then 
sensations  of  odor  or  with  sensations  derived  from  stimulal 
the  8(»-called  ncr\-t"s  of  conmion  sensibility  in  the  tongue, 
the  ta.sle  of  pepper  may  be  resolved  into  a  .slight  odor  sen 
and  a  sonssition  due  to  stimulation  of  the  fibers  of  general 
biliiy, — that  is,  it  gives  no  taste  sensation  proper.  The  U 
alum  may  be  considered  us  a  combination  of  a  salty  tasti 
ooramon  senidbility.    Combinations  of  sweet  and  acid  tastes, 
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id  bitter  tastes,  etc.,  form  a  part  of  our  daily  experience,  and 
the  fused  or  compound  sensation  that  results  from  such  com- 
ations  one  may  usually  rcrognize  without  difficulty  the  con- 
tuent  parts.  The  seemingly  great  variety  of  our  taste  sensations 
largely  due  to  the  fact  that  we  confuse  them  or  combine  them 
with  simultaneous  odor  sensations.  Thus,  the  flavors  in  fruits  and 
bouquet  of  wines  are  due  to  odor  sensations  which  we  designate 
narily  as  tastes,  since  they  are  experienced  at  tlie  time  these 
ijects  are  ingested.  If  care  is  taken  to  shut  off  the  nasal  cavities 
ig  the  act  of  ingestion  even  imperfectly,  as  by  holding  the 
the  so-called  taste  disappears  in  large  measure.  Very-  dis- 
able tastes  are  usually,  as  a  matter  of  factj  due  to  unpleasant 
sensations.  On  the  other  hand,  some  volatile  substances 
ich  enter  the  mouth  through  the  nostrils  and  stimulate  the 
t€  organs  are  interpreted  by  us  as  odors.  The  odor  of  chloro- 
form, for  instance,  is  largely  due  to  stimulation  of  the  sweet  taste 
in  the  tongue. 

Distribution   and    Specific   Energy    of  the    Fundamental 
Taste    Sensations. — Regarding   the   distribution   of   the   funda- 
mental taste  sensations  over  the  tongue  and  palate  there  seem 
to  be  many  individual  differences.    In  general,  however,  it  may 
be  said  that  the  bitter  taste  is  more  de\'cloped  at  the  back  of 
^tbe  tongue  and  the  adjacent  or  posterior  i-egions;  at  the  tip  of 
^Bbe  tongue  the  bitter  sense  is  less  marked  or  in  ca-ses  may  be  absent 
^Hltogether.    On  the  contrary-,  in  this  lattt^r  region  the  sweet  taste 
^^p  well  developed.     On  this  accmmt  it  may  hapfwn  that  substances 
f     which  when  first  taken  into  the  mouth  give  a  not  unpleasant  sweet 
:c  subsequently  when  swallowed  cause  th.'^agreeably  bitter  Ben- 
tions,  like  rhe  little  book  of  the  evangelist,  which  in  the  mouth 
sweet  as  honey,  and  as  soon  as  I  had  eaten  it.  my  belly  was 
tter."    (X'hnvall*  has  made  an  interesting  series  of  experiments 
in  which  he  stimulated  s<>panitely  a  number  of  fungiform  papillae 
the  surface  of  the  tongue.     Each  papilla  was  stimnlaterl  sepa- 
tclv  for  its  fundamental  ta.ste  senses  of  sweet,  bitter,  and  acid, 
drops  of  solutions  of  sugar,  qiiinin,  antl  tartaric  acid.     ()f 
J.       .     ;aj)illie  thus  examined,  27  gave  no  reaction  at  all,  although 
live  to  pressure  and  temperature.     In  the  98  papillaj  that 
'teacle*!  to  the  sapid  stimulation  it  was  found  that  6()  gave  tasle 
aenaations  of  all  three  finalities,  4  gave  only  sweet  and  bitter,  7  only 
tier  and  acid,  12  only  .sweet  and  acid,  12  only  acid,  and  3  only 
t.     None  was  found  to  give  only  a  1  titter  sensation.     These 
Eacts  bear  directly  upon  the  question  of  the  specific  enei;gy  of  the 
Uflte  fibers.     It  is  possible  that  the  four  fundamental  taste  qualities 
be  mediated  by  four  different  end-organs  and  four  separate 
•OehrwaD,  "Skandina\T«:hea  Archiv  f.  Phjrsiologie,"  2,  1,  1890. 
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sets  of  nerve  fibers,  each  giving,  when  stimulated,  only  its  ow 
quality  of  sensation.  On  the  other  hand,  it  is  possible  that  one  an 
the  same  nerve  fiber  might  give  different  qualities  of  sensalio 
according  to  the  nature  and  mode  of  action  of  the  sapid  substance 
The  fact,  as  shown  by  Oehrwall's  experiments,  that  there  are  sensor 
spots  upon  the  tongue  which  will  not  react  to  some  kinds  of  sapi 
substance,  but  do  react  to  others,  and  jxrhaps  only  to  one  particuia 
kind,  speaks  strongly  in  favor  of  the  view  that  there  are  differeu 
end-oigans  and  nerve  fibers  for  each  fundamental  taste.  This  vie\ 
is  still  further  supported  by  the  fact  that  certain  elieniically  pure  sul: 
stance,  give  different  tastes  aoconling  to  the  part  of  the  tongu 
upon  which  they  are  placed.  Thus,  sodium  sulphate  (Guyot)  ma; 
taste  salty  upon  the  tip  of  the  tongue  and  l>itter  when  placed  upod 
the  posterior  part.  A  better  instance  still  is  given  by  solutions  fl 
a  bromin  substitution  produet  of   saccharin,  the   chemical   nam 

for   which    is    parabrom-ljeiiiioic    sulphinid:   C.H.Br  J  ^V^NB 
1-  f  6    J       (.80/ 

When  this  substance  is  placed  mxtn  the  tip  of  the  tongue  it  gives  i 
sweet  sensation,  while  upon  the  jxisterior  region  it  gives  only  a  bitte 
taste  tq^etherwitli  a  sensation  of  astringency  (Howell  and  Ivastle] 
Extracts  of  the  leaves  of  a  tropical  plants  Gyninema  silrestre,  applie 
to  the  tongue,  destroy  the  sense  of  taste  for  sweet  and  bitter  sut 
stances  (Shore),  and  this  fact  nnay  l>e  explained  most  satisfactorit 
by  assuming  that  this  substance  exerci.ses  a  selective  action  upo 
taste  tenninairi  in  the  tonj^e,  pandyzinji  those  for  the  bitt 
and  the  sweet  substances.  Fiiuilly.  the  fact  that  electrical,  ni 
chanical,  or  chemical  stimulation  of  the  chorda  tymjMnni,  where 
passes  through  the  tympanic  cavity,  may  arouse  taste  sensations 
j)roof  that  the  taste  sensation  in  general  Ls  not  due  tO'  a  peculiar  kii 
of  impulse  that  can  be  aroused  oixly  by  the  action  of  sapid  bodi 
ujion  the  terminals  in  the  tongue,  but,  on  the  contrary,  that  it  is 
specific  energy  of  the.se  fillers,  and  depends  for  its  quality,  thei 
fore,  upon  the  8|iecific  reaction  of  the  terminations  in  the  brain. 
Method  of  Sapid  Stimulation, — In  order  that  sapid  substanc 
may  react  ujxin  the  taste  terminals  it  is  necessary-,  in  the  first  plac 
that  they  shall  be  in  solution.  It  is  impo.ssible  to  taste  with  a  di 
tongue.  We  may  as.sume,  therefore,  that  the  stimulation  consis 
eKscntially  in  a  chemical  reaction  between  the  sapid  substance  ai 
the  termiiml  of  the  taste  fiber, — for  instance,  the  hair  process 
the  .sense  cells  in  the  taste  buds, — and  the  question  naturally  aris 
whether  the  distinctive  reactions  corre.sponding  to  the  separa 
taste  qualities  can  be  referred  to  a  definite  chemical  structure  in  tl 
sapid  IxJiiies,  Are  there  certain  chemical  groups  which  jx)ssess  tl 
property  of  reacting  specifically  with  the  end-oi^gans?  Experient 
show.-^  that  substances  of  very  different  chemical  constitution  ins 
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excite  the  same  taste.  Thus,  sugar,  saccharin,  and  sugar  of  lead 
(lead  acetate)  all  give  a  sweet  taste,  while,  on  the  other  hand, 
irch  (soluble  starch),  which  stantLs  so  close  in  stnicture  to  the 
jars,  has  no  effect  upon  the  taste  terminals.  It  is  interesting 
remember  that  the  taste  nerves  may  be  stinmtated  by  sapid  sub- 
inres  dissolved  in  the  blood  as  well  as  when  applied  to  the  ex- 
frior  of  the  tongue.  A  sweet  taste  may  be  experienced  in  diabetes 
>ra  the  sugar  in  the  blood,  or  a  bitter  taste  in  jaumlice  from  the 
Je. 

The  Threshold  Stimulus. — ^The  determination  of  the  threshold 

limulus  for  different  .sapid  substances  i.s  made  Ijy  ascertaining  the 

inimal  concentration  of  the  solution  which  is  capat)le  of  arousing 

taste  sensation.    The  delicacy  of  the  sen.se  of  taste  is  influencefl, 

)wever,  by  certain  accessor}'  contlitions  which  must  be  taken  into 

account.    Thus,  the  temperature  of  the  solution  is  an  important 

condition.     Very  cold  or  very  hot  solutions  <lo  not  react, — that  is, 

le  extremes  of  temperature  .seem  to  diminish  or  destroy  the  sen.si- 

reness  of  the  end-organ.     A  temperature  between  10°  anri  30°  C. 

ves  the  optimum  reaction.     So  also  the  rielicacy  of  the  sense  of 

le  is  increased  by  rubbing  the  sapid  sohition  against  tlie  tongue. 

>ubtless  this  mechanical  action  facilitates  the  penetration  of  the 

kpid  body  into  the  mucous  membrane,  but  it  seems  also  to  in- 

ise  the  irritability  of  the  end-organ.     It  is  our  habit  in  tasting 

xlies  with  the  tongtie  to  nih  this  organ  again.st  the  hard  palate. 

f'ith  regard  to  the  threshold  stimulus  such  results  as  the  following 

reported: 

Sidty  (eodiutu  ehlorid).  0.25    gni.    in     100   c.r.  H,(") — deter tible    on    tij*    of 

tongue. 

rt  (sugar)   .0..W  "  ' lU-twf  iblc    on    tip    of 

tnneui\ 
(HCl).  ..0.W7         "  "       "       "       .Irtrrtible  on  border  of 

tongue. 
itter  (quitiiiij  O.OOOOS     "  "      "       "       <l<-t<Ttible   on   root  of 

tOIlgllf. 


The  ver\'  great  .sensitiveness  of  the  tongue  to  bitter  substances  is 
exident  from  this  table. 

The  Olfactory  Organ. — The  end-organ  for  the  olfact.or>'  sense 

in  the  upper  part  of  the  no.se,  and  consists  of  elongated,  epithe- 
d-likc  cells,  each  of  which  boars  on  its  free  end  a  tuft  of  six  to 
eight  hair-like  processes,  while  at  its  basal  end  it  is  continued  into 
a  nerve  fiber  that  passes  through  the  cribriform  plate  of  the  ethmoid 
)ne  and  ends  in  the  olfartor\'  bulb.     These  olfactory-  sense  cells 

among  supfwrting  epithelial  cells  of  a  eoluninar  shape  fl-ig. 
122).     .At  the  free  edge  of  the  cells  there  is  a  limiting  membrane 

i>ugh  which   thf  nifactor}''  hairs  project.     The  olfactory  sense 
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cells  are  essentially  nerve  cells,  and  in  this  respect  resemble  the 
sense  cells  in  the  retina,  the  rods  and  eones,  rather  than  those  of  the 
ear  or  of  the  organs  of  taste.  The  distribution  of  the  olfactory 
cells,  according  to  v.  Brunn,  is  confined  to  the  nasal  septum  and  a 
portion  of  the  upper  turbinate  bone.  The  area  covered  in  each  nos- 
tril corresixmds  to  about  250  square  millimeters.  The  epithelium 
of  the  lower  and  middle  turbinates  and  the  floor  of  the  nostrils  is 
comixjsed  of  the  usual  riliatetl  colls  found  in  the  respirator*'  passages, 
while  the  so-called  vestibular  region  of  the  nose,  the  part  roofed  in 

by  the  cartilage,  is  covered 
*h       hW  ^y    ^   stratifietl     pavenifnt 

epithelium  corresponding  in. 
structure  with  that  of  the 
skin.  These  latter  portions 
of  the  nose  are  supplied 
with  sensorj'  fibers  dexivfti 
from  the  fifth  or  trigeminal 
nei-ve.  We  must  consider 
the  500  sq.  mm.  of  olfftc- 
ton,'  epithelium  as  the 
olfactory  sense  organ  com" 
parable  physiologically  anC 
perhaps  anatomically  to  ih 
rod  and  cone  layer  of  th 
retina.  The  connections  C 
these  cells  with  the  eentrt 
nervous  system  have  &' 
ready  been  described  (j 
214).  It  will  be  remen 
bered  that  the  fine,  not 
medu Hated  fibers  springin 
from  the  basal  end  of  th 
sense  cells  enter  the  olfac 
tory  bvdb  and  end  in  tei 
minal  arborizations  in  the  olfactory  glomonjli,  where  they  make  cot 
nections  by  contact  with  the  den<lrites  of  the  mitral  cells  of  th 
bulb.  Through  the  axons  of  these  mitral  cells  the  impulses  are  cor 
ducted  along  the  olfactory  tract  to  their  various  terminations  in  th 
olfactory  lobe  itself,  cither  of  the  same  or  of  the  opposite  side,  an 
eventually  also  in  the  cortical  region,  the  uncinate  gyrus  of  th 
hippocampal  lobe.  As  regards  the  olfactor\'  sense  cells,  the  nerv 
cells  in  the  olfactory  bidb  might  be  compared  with  the  nerve  gau 
glion  layer  of  the  retina,  and  the  nerve  fibers  of  the  olf acton,-  trac 
with  the  fibers  of  the  optic  nerve. 

The    Mechanism,    of    Smelling. — Odoriferous    substances    fc 


Fig.  122.— <>U«  fif  the  olfactory  region  (af1«r 
V.  fFrunn) :  i.  a,  OKactury  r<>1l«;  b.  f>,  epithelial 
cells;  fi,  n,  ccnlrjil  itrore^s  prolnnged  as  un  olfac- 
tory nerve  lihril;  /]  t,  nucleus;  c,  knob-like  clear 
termination  of  penpheral  proceu;  A,  A.buacbuf 
olfactory  hoira. 
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affect  the  olfactory  cells  must,  of  course^  penetrate  into  the  upper 
ipart  of  the  nasal  chamber.  This  end  is  attained  during  inspiration, 
[either  by  simple  diffusion  or  by  currents  produfed  by  the  act  of 
liSing.  It  may  also  happen  by  way  of  the  posterior  nares.  In 
fact,  the  flavors  of  many  foods,  fruits,  wine,  etc.,  are  olfactorj'  rather 
|(han  gustatory  sensations.  \\Tien  such  food  is  swallowed  the  poste- 
rior nares  are  shut  off  from  the  pharynx  by  the  soft  palate,  but  in 
le  expiration  succeeding:  the  swallow  the  odor  of  the  food  is  con- 
reyed  to  the  olfactory  end-organ.  Flavors  arc  perceived,  therefore, 
lot  during  the  act  of  swallowing,  but  subsequently,  and  if  the  nostrils 
blocked,  as  in  coryza,  foods  lose  much  of  their  flavor.  Simply 
jolding  the  nose  will  destroy  much  of  the  so-called  taste  of  fruits 
>r  the  bouquet  of  wines.* 

Nature  of  the  Olfactory  Stimulus. — The  fact  that  smells  are 

ismitted  through  space  like  iiglit  and  sound  has  suggested  the 

possibilit}'  tliat  they  may  depend  upon  a  \ibratorv'  movement  of 

some   medium.      This    view,   although   occasionally   defemled  in 

modern  times,  is  apparently  entirely  incompatible  with  the  facts. 

The  usual  view  is  that  odoriferous  bodies  emit  partirles  which,  as 

rt  rule  at  le-ast,  are  in  gaseous   form.     These   particles   are  con- 

^♦reyed  to  the  olfactory  epitheliiun   by  currents  in  the  air  or  by 

imple  gaseous  diffusion,  and   after  solution  in  the  moisture  of 

the  membrane  act  chemically  upon  the  sensitive  hairs  of  the  sense 

Bells.     All  vapors  or  gases  are,  however,  not  capable  of  acting  as 

timuli  to  these  cells;  so  that  evidently  the  odoriferous  character 

iepcnds  upon  some  peculiarity  of  stnvcture.      It  is  as.^uraed  that 

acre  are  certain  groups,  "odoriphore  groups,"  which  arecliaracter- 

tic  of  all  odoriferous  substances  and  by  virtue  of  which  these 

ibstances   react    with    the  sjaecial  form  of  protoplasm  foiuid  in 

ic  hair  cells.     Haycraftf   has  formulated   certain   fundamental 

jnceptions  bearing  upon  the  relation  between  cheniiral  structure 

id  odoriferous  stimulation.     He  has  shown  that  tlie  power  to 

cause  smell,  like  other  physical  properties,  is  a  periodic  function  of 

^the  atomic  weight — that  in  the  periodic  system,  according  to  Men- 

lelejeff,  the  elements  in  certain  groups  are  character! zcfl  by  their 

ferous  properties ;  for  instance,  the  second,    fourth,  and  sixth 

) — sulphur,  selenium,  and  tellurium — of  the  sbcth  group. 

Iforeover,  in  organic  compounds  belonging  to  an  homologous  series 

smell  gradually  changes  and,  indeed,  increases  in  the  higher 

lembers  of  the  series, — that  is,  in  those  having  a  more  complex 

molecular  stnicture. 

The  Qualities  of  the  Olfactory  Sensatlons.^ — WhWe  we  dis- 

•  For  many  interesting  facts  oonceminK  emcUing  and  the  literature  to 

Be«  Zwawdemaker,  "Die  Phy»tolngie  dies  Geruchs/'  Leipzig,  189S. 
fHaycnrft,  "Brain,"  1888,  p.  1S6. 
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tinguish  a  great  many  different  kinds  of  odors,  it  has  been  found 
dtflir-ult,  indeed  impossible,  to  classify  them  ver>'  satisfactorily 
into  groups.  That  is,  it  is  not  possible  to  pick  out  what  might  be 
called  the  fundamental  odor  sensations.  This  sense  was  doubtless 
used  by  primitive  man  chiefly  in  detecting  andte.stingfood,in  protect- 
ing himself  from  noxious  surroundings,  an^.1  perhaps  also  in  controll- 
ing his  social  relations.  The  olfactory  sensations,  in  accordance  with 
this  use  made  of  them,  give  either  pleasant  or  unpleasant  sensa- 
tions in  a  more  marke<i  ami  universal  way  than  in  the  case  of  vision 
or  hearing,  approaching,  in  thi.s  respect,  rather  the  purel}'  sensual 
characteristics  of  the  lower  scn.ses,  the  bodily  appetites.  Mankind 
has  been  content  to  classify  odors  as  agreeable  and  disagreeable, 
and  to  designate  the  many  different  qualities  of  odors  by  the 
names  of  the  substances  which  in  his  individual  experience 
usually  give  rise  to  them.  A  number  of  observers  have  proposed 
classifications  more  or  less  complete  in  character.  One  of  the  latest 
and  perhaps  the  best  is  that  .suggested  by  Zwaardemaker  on  the  basis 
of  the  nomcnclatun's  introduced  by  previous  observers.  Adopting 
first  the  general  grouping  into  pure  odors,  odors  mixed  with  sensa- 
tions of  common  sen.sibility  from  the  mucous  membrane  of  the  nose, 
and  odors  mixetl  or  confused  with  tastes,  he  separates  the  pure  odors 
or  odors  proper  into  nine  classes,  as  follows: 

I.  Odores  wtheroi  or  ctliewal  odors,  such  or  are  given  by  the  fruits,  which 
dfjx'nd  ii|KPii  thi'  pri-wnci'  of  ethereal  HubBtoneeK  or  phUts. 
II.  Odorcs  aronialici  or  aroinntic  odore,  which  are  typified  by  camphor 

and  oitn)n,  l>ittcr  almond  and  the  roeinouB  bodies.     Tnie  claiiB  it>i 

di\  idi'<i  mUi  five  subRTOUps. 
m.  Odoros  fraj^ranles,  tJn-  frajtrnnt  or  balsamic  odore,  comprisinit  the  v« 

0U8  flower  odors  or  perfumes.     The  class  fall*  into  lliree  eubfrrnup&J 
IV.  Odorea  an)brt>Kiiiei,  the  ambnwial  odors,  typified  by  oml>cr  and  musk,  i 

Tliis  odor  is  present  in  the  flesh,  blood,  or  excrement  of  some  ani- 

mat-i,  iK'iug  referable  in  the  last  instance  to  the  bile. 
V.  Odores  aliiacci  or  jrarlic  miors,  such  as  are  found  in  the  onion,  gaHic, 

sulphur,  acleriiuiii  and  lelluriuju  compounds.     They  fall  into  three 

subgrv>u|^. 
VI.  Odorea  empvreumatici  or  the  burning  odors,  the  odors  given  by  roasted 

coffee,  baked  bread,  tobacw  smoke,  etc.    The  odors  of  benzol,  phenol, 

and  the  products  of  dr>-  distillation  of  wood  rome  into  this  claw. 
VII.  Cklorea  hiremi  or  goat  odors.     The  odor  of  this  animal  arises  from  the 

1  ii'iiic  and  raprvTic    arid  contained  in   the  sweat;  checae,  sweat, 

-|M  iirvfilie  and  vaginal  84>on>tion8  give  odors  of  a  aimilar  quality. 
Vni.  Odort-a  tetri  or  repulsive  odors,  such  aa  arc  given  by  many  of  the  uar- 

cntic  plants  and  .ic^mthus. 
IX.  Otlorr*  tiausoofli  or  nauawitingor  fetid  odors,  such  as  are  given  by  fe«a 

and  c«>rUin  ptanla  and  the  products  of  putrefaction. 


While  the  classification  ser\-es  to  emphasize  a  number  of  marked 
rescmblaiices  or  ndations  that  exist  among  the  odors,  it  do«^s  not 
rest  wholly  uix>n  a  subjective  kinship, — that  is,  the  ililTerpnt  odor? 
brought  t^igether  in  one  class  do  not  in  all  ca.'fes  aiDuse  in  us  sensa- 
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>ns  that  seem  to  be  of  related  quality.  It  is  not  imix>ssible,  how- 
sver,  that  further  analysis  may  succeed  in  .showing  that  there  are 
prtain  fundamental  f[\mlities  in  our  numerous  odor  sensations, 
IT  position  regarding  the  odors  is  .siinilar  to  that  which  formerly 
)revailed  in  the  case  of  the  taste  sensations.  It  was  thought  to  be 
ipossible  to  classify  the.se  latter  satisfactorily  on  the  basis  of  a  few 
mdamental  sen8ation.s,  Init  it  is  now  universally  accei>ted  that  all 
our  tnie  gustatory  sensatiotLs  show  one  or  more  of  four  primary' 
ste  qualities.  As  was  said  above,  our  odor  .sensations  are  classi- 
in  onlinarj'  life  as  agreeable  or  di.sagreeable,  and,  indeed, 
iUer,  the  great  physiologist  of  the  eighteenth  centur\',  divided 
lors  along  this  line  into  three  classes:  (1)  the  agreeable  or  am- 
i»rt>!«ial.  (2)  the  disagreealjle  or  fetid,  and  (3)  the  mixed  odors.  In 
iny  cases,  no  doubt,  the  agreeableness  or  disagrecabieness  of  an 
odor  depends  solely  upon  the  associations  connected  with  it.  If 
^nhc  associative  memories  arou.sed  are  unpleasant  the  odor  is  dis- 
^Bgreeable.  Thus,  the  odor  of  musk,  sti  pletisant  to  most  persons, 
^^brcxluces  most  disagreeal>le  sensations  in  others,  on  account  of  past 
^dissociations.  It  Is  possible,  however,  that  thort;  is  some  funda- 
,  mental  difference  in  physiological  reaction  between  such  odors  as 
ihoec  of  putrefaction  and  of  a  violet  which  may  be  considered  as  the 
cause  of  the  difference  in  psychical  effect.  It  has  been  suggested,  for 
loe,  that  they  may  affect  the  circidation  in  the  brain  in  opposite 
one  producing  an  increased,  the  other  a  decreased  flow. 
improbable  suppo.sition  has  been  .shown  to  be  devoid  of  foun- 
tion  by  the  observations  of  Shieliis.*  In  his  ['xporiment.s  the  vascu- 
supply  to  the  skin  of  the  arm  was  deteniiined  by  plethysmo- 
graphic  methods,  and  it  was  found  that  both  pleasant  (heliotrope 
perfume)  and  impleasant  (putrefactive)  odors  give  a  similar  vascu- 
lar reaetion.  Each  class,  if  it  aet.3  at  all,  causes,  as  a  nile,  a  con- 
riction  of  the  skin  ves.sels,  such  as  is  obtained  nonnall>'  from  in- 
•ase<l  mental  activity,— a  reaction  usually  inteq>reted  to  mean  a 
•ater  flow  of  blood  to  the  brain. 

Fatigue   of   the   Olfactory   Apparatus. — It  is  a   matter  of 

mmon  ob.servation  that  many  odors,  such  as  the  perfumes  of 

wers,  quickly  cease  to  give  a  noticeable  sensation  when  the  stimu- 

tion  is  continued.    This  result  is  usually  attributed  to  fatigue 

the  sense  cells  in  the  end-organ  and  it  is  noticeable  chiefly  with 

o«lors.     One  who  sits  in  an  ill-ventilated  n)oni  o<'cupied  liy 

persons  may  be  quite  uncon.><cious  of  the  unpleasant  odor 

m  the  viiiated  air,  while  (o  a  newcomer  it  is  most  distinct. 

Threshold  Stimulus — Delicacy  of   the    Olfactory   Sense. — 

The  extraordinar\-  delic,*i<v  ti.f  the  sen;^*of  .^mell  iti  some  of  the  lower 

imals  is  seemingly  beyond  the  [mwer  of  objective  measurement  or 

'Shields,  '"  Journiil  of  Kxpcriiiuiita]  .Mttlicine,"  1.  181K>. 
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expression.  The  ability  of  a  dog,  for  instance,  to  follow  the  trail  of 
a  given  person  depends  undoubtedly  upon  the  recognition  of  the 
individual  odor,  and  the  actual  amount  of  olfactory  material  Mt 
upon  the  ground  which  serves  as  the  stimulus  must  be  infinitesi- 
mally  small.  Even  in  ourselves  the  actual  amount  of  olfactory 
material  which  suffices  to  give  a  distinct  sensation  is  often  beyond 
our  means  of  determination  except  by  the  aid  of  calculation.  It 
is  recognized  in  chemical  work,  for  instance,  that  traces  of  known 
substances  too  small  to  give  the  ordinary  chemical  reactions  may  be 
detected  easily  by  the  sense  of  smell.    By  taking  known  amounts 


Fin.  123.— Zwaardemaker's  olf»ctometer. 

of  odoriferous  suhstancps  and  diluting  them  to  known  extents  it  is 
pos.siblc  to  oxpross  in  weights  the  minimal  amount  of  each  substance 
that  can  caus<>  a  sensation,  liy  this  method  such  figures  as  the 
following  are  obtained :  Camjihor  is  perceived  in  a  dilution  of  1  part 
to  4<K).(KK);  musk,  1  i>arttoS.(K)0,0()0;  vanillin,  1  part  to  10,000,000; 
while,  according  to  the  exix»riments  of  Fischer  and  Penzoldt, 
men-aptan  may  l)o  detected  in  a  dilution  of  y^^ni'innnr  ^^  *  mUhr 
uram  in  1  liter  of  air  or  j^^-j-^lpj-^pj^  of  a  milligram  in  50  c.c.  of  air. 
\'arious  methods  have  l)een  proposed  to  determine  the  relative 
delicacy  of  the  olfactory  sense  in  different  persons. and  these  methods 
have  .»<ome  apjjlication  in  the  clinical  diagnosis  of  certain  cases. 
Zwaanleinaker  Iwis  <levised  a  simple  apparatus,  the  olfactometer, 
the  principle  of  which  is  iHustnito<l  in  Fig.  123.  It  consists  of  an 
outside  cylimler — the  olfactorj'  cylinder,  whose  inner  surface  is  of 
porous  material  which  can  he  filled  with  a  known  strength  of  olfae* 
tory  solution— and  an  inside  tu!)e,  smelling  tube.  This  latter  is 
nppli(>d  to  the  nose  and  where  it  runs  inside  the  cylinder  it  is  gradu- 
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futed  in  centimetei*s.  It  is  evident  that  the  further  out  the  inner 
[tube  is  pulled  the  greater  will  be  the  amount  of  olfactory  substance 
which  will  be  exposed  to  the  incoming  air  of  an  inspiration. 

Conflict  of  Olfactory  Sensations.— When  different  odors  are 

[inhaled  simultaneously  through  the  two  no.strils  they  may  give  rise 

[to  the  phenomenon  of  a  conflict  of  the  olfactory  fields  similar  to  that 

i  described  for  the  visual  fieftlr^.     That  is,  we  perceive  first  one  then 

the  other  without  obtaining  a  fused  or  compound  sensation.    The 

'result  depends  lai^ely  on  the  odors  selected.     In  some  cases  one 

odor  may  predominate  in  consciou.sness  to  the  entire  suppression 

of  the  other, — a  phenomenon  whirh  alwi  hiis  an  analogy  in  binocular 

sensations.     It  is  well  known,  also,  that  certain  odors  antagonize  or 

neutralize  others.     It  is  said,  for  instance,  that  the  odor  of  iodoform, 

usually  so  persistent  and  so  disagreeable,  may  be  neutralized  by  the 

addition  of  Peru  balsam,  and  that  the  odor  of  carbolic  acid  may 

destroy  that  of  putrefactive  processes.    Whether  the  neutralization 

is  of  a  chemical  nature  or  is  physiological  does  not  seem  to  liave 

been  definitely  ascertained. 

Olfactory  Associations. — Personal  experience  shows  clearly 
that    olfactorv'     sensfitinns    arou.sc     numerous    associations — our 
olfactor}'  memories  are  good.     On  the  anatomical  Ride  the  cortical 
center  in  the  hippocamjml  lobe  is  known  to  be  wideh'  connected 
with  other  parts  of  the  cerefjrum,  and  wo  have  in  this  fact  a  basis  for 
the  extensive  associations  conncctetj  with  odors.     In  animals  like 
the  dog,  with  highly  develojx'd  olfactor>'  organs,  it  is  evident  that 
this  sense  must  play  a  correspondingly  large  part  in  the  psychical 
life.     In  such  animals  as  well  as  among  the  invertebrates  it  is  in- 
timately cormerte<l  with  the  st^xual  reflexes,  and  some  remnant  of 
this  relationship  is  obAttuis  among  human  beings.     Among  the  so- 
called  special  senses  that  of  smell  is  perhaps  the  one  most  closely 
I  connected  with  the  bo<lity  appetites,  and  overgratification  or  over- 
Lindulgence  of  this  sen.se.  according  to  hi.storical  e\'iflence.has  at  least 
jbeen  associated  with  periods  of  marked  decadence  of  virtue  among 
Icivilized  nations. 
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PHYSIOLOGY  OF  THE  EYE 

Tlie  eye  is  the  peripheral  oigan  of  viedon.  By  means  of  ito 
peculiar  phymcal  structure  rays  of  li^t  from  external  objects  are 
focused  upon  the  retina  and  there  set  up  nerve  impulses  that  are 
transmitted  by  the  fibers  of  the  optic  nerve  and  optic  tract  to  the 
visual  center  in  the  cortex  of  the  bnun.  In  this  last  organ  is 
aroused  that  reaction  in  consciousness  which  we  designate  as  a 
visual  sensation.  In  studying  the  physiology  of  vision  we  may 
consider  the  eye,  first,  as  an  optical  instrument  phyacally  adapted 
to  form  an  image  on  the  retina  and  provided  witib  cerUun  phjrsi- 
ological  mechanisms  for  its  regulation;  secondly,  we  may  study 
the  properties  of  the  retina  in  relation  to  its  reactions  to  lig^t, 
and  lastly,  the  visual  sensations  themselves,  or  the  physiology 
of  the  visual  center  in  the  brain. 


CHAPTER  XVII. 


TEIE  EYE  AS  AN  OPTICAL  INSTRUHENT— DIQPTKICS 
OF  THE  EYE. 

Formation  of  an  Image  by  a  Biconvex  Lena. — ^That  the  re- 
fractive surfaces  of  the  eye  form  an  image  of  external  objects  upon 
the  retinal  surface  is  a  necessary  conclusion  from  its  physic^  struc- 
ture. The  fact  may  be  demonstrated  directly,  however,  by  ob- 
Hcr^'ation  upon  the  excised  eye  of  an  albino  rabbit.  The  ttiin  eoats 
of  such  an  eye  are  scmitransparent,  and  if  the  eye  is  {daced  in  a  tube 
of  blarkened  paper,  and  held  in  front  of  one's  own  ^es  it  can  be  seen 
readily  that  a  small,  inverted  image  of  external  objects  is  formed 
upon  the  retinal  surface,  just  as  an  inverted  image  of  the  exterior  is 
formed  upon  the  ground  glass  plate  of  a  phot<^raphic  camera.  Tliis 
image  is  formed  in  the  eye  by  virtue  of  the  refractive  surf  aces  (rf  the 
cornea  and  the  lens.  The  curved  surfaces  of  these  transparent  bodies 
act  substantially  like  a  convex  glass  lens,  and  the  i^yacs  of  the 
formation  of  an  image  by  such  a  lens  may  be  used  to  explain  the 
refractive  processes  in  the  eye.  To  understand  the  formation 
of  an  image  by  u  biconvex  lens  the  following  physical  facts  must  be 
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borne  in  mind.  Parallel  rays  of  light  falling  upon  one  surface  of  the 
lens  are  brought  to  a  point  or  focus  (F)  behind  the  other  surface 
(Fig.  124).  This  focus  for  parallel  rays  is  the  principal  focus  and 
the  distance  of  this  point  from  the  lens  is  the  principal  focal  dis- 
tance. This  distance  depends  upon  the  curvature  of  the  lens  and 
its  refractive  power,  as  measured  by  the  refractive  index  of  the 
material  of  which  it  is  composed.  Parallel  rays  are  given  theo- 
retically by  a  source  of  light  at  an  infinite  distance  in  front  of  the 
lens,  but  practically  objects  not  nearer  than  about  twenty  feet 
give  rays  so  little  divergent  that  they  may  be  considered  as  par- 


Fix.  124. — Diagrami  to  illuatimte  the  refraction  of  light  by  a  convex  lens :  a.,  Refrac- 
tion of  parallel  ray« ;  6.,  refraction  of  divergent  ra^s ;  c,  refraction  of  divergent  tays  from 
a  luminous  point  nearer  than  the  principal  focal  distance. 

allel.  On  the  other  hand,  if  a  luminous  object  is  placed  at  F  the 
rays  from  it  that  strike  upon  the  lens  will  emerge  from  the  other 
surface  as  parallel  rays  of  light.  If  a  luminous  point  (/,  Fig.  124) 
is  placed  in  front  of  such  a  lens  at  a  distance  greater  than  the 
principal  focal  distance,  but  not  so  far  as  to  give  practically 
parallel  rays,  the  cone  of  diverging  rays  from  it  that  impinges 
upon  the  surface  of  the  lens  will  be  brought  to  a  focus  (/')  furthc* 
away  than  the  principal  focus.  Conversely  the  rays  from  a 
luminous  point  at  f  will  be  brought  to  a  focus  at  /.  These  points, 
/  and  /',  are  therefore  spoken  of  as  conjugate  foci.    All  luminous 
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ified  will  ha%'e  theii 


idibg 


points  within  the  limits  specifieu  win  iia%'e  ttieir  corresponc 
conjugate  foci,  at  wliirli  theif  images  will  be  foiineil  by  the  lens. 
Lastly,  if  a  luminous  point  is  placed  at  v,  Fig.  124,  nearer  to  the 
lens  than  the  principal  focal  di.stanr-e,  the  cone  of  .strongly  di- 
vergent rays  that  falls  upon  the  lens,  although  refracted,  is  still 
divergent  after  lea\'ing  the  lens  on  the  other  side  and  consequently 
is  not  focused  and  forms  no  real  image  of  the  f>oint.  For  everj'  lens 
there  is  a  jxiint  known  as  the  optical  center,  and  for  biconvex  lenses 
this  point  lies  within  the  lens,  o.  The  line  joining  this  center  and 
the  principal  focus  is  the  priticipal  axts  of  the  lens  (o-F,  Fig.  124). 
All  other  straight  line's  passing  through  the  optical  center  are  known 
as  stromianj  axis.  Rays  of  light  that  arc  coincident  with  any  of  these 
secondary  axes  suffer  no  angidar  dexnation  in  passing  through  the 
lens;  they  emerge  parallel  to  their  line  of  entrance  and  practically 
tmchanged  in  direction.     Moreover,  any  luminous  \mnt  nut  on  the 


^ 


^ 


Fig.  12.'). — Diagrama  to  iUu2it.ra1e  the  formation  ol  an  imai^  by  a  bioiinvex  lens:    a,  Foc» 
mation  uf  th«  iiimge  nf  a  point;  b,  formutinn  of  the  images  uf  a  series  of  (xrinU. 


principal  axis  vn]\  have  its  image  {conjugate  focu.s)  formed  some- 
where upon  the  secondari-  axis  draun  from  this  point  through  the 
optical  center.  The  exact  position  of  the  image  of  such  a  point 
can  be  determined  by  the  following  constniction  (Fig.  12.5):  Let  A 
represent  tlie  luminous  point  in  question.  It  will  throw  a  cone  of 
rays  upon  the  lens,  the  limiting  rays  of  which  may  be  represented  by 
A-b  and  A-c.  One  of  these  rays.  A-p,  will  lie  pandlel  to  the  prin- 
cipal axis,  and  will  therefore  pass  through  the  i>rincipal  focus.  F. 
If  this  distance  is  determined  and  i.*;  indicatetl  properly  in  the 
constiTjction,  the  line  A-p  may  be  drawn,  as  in{licated,  so  as  to 
pass  through  F  after  leaving  the  lens.     The  point  at  which  the 
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prolongation  of  this  line  cuts  the  secondiin^  axis,  A-o,  marks  the 
)njugate  focus  of  .1  and  gives  the  position  at  which  all  of  the 
lys  will  be  focused  to  form  the  image,  a.  In  calculating  the 
ntiou  of  the  image  of  any  object  in  front  of  the  lens  the  same 
icthod  may  )>e  followed,  the  construction  being  drawn  to  de- 
»rmine  the  images  for  two  or  more  limiting  points,  as  shown 
Fig.  124.  Let  A-B  be  an  arrow  in  front  of  the  lens.  The  image 
A  %vill  be  formetl  at  a  on  the  secondary  axis  A-o,  and  the  image  of 
B  st  b  along  the  secondary  axis  B-o.  The  images  of  the  intervening 
^—jpoints  will,  of  course,  lie  between  o  and  b;  so  that  the  image  of  the 
Hfentire  object  will  be  that  of  an  inverted  arrow.  This  image  may  be 
^Baught  on  a  screen  at  the  distance  indicated  by  the  construction  if 
^Hjlic  latter  is  drawn  to  scale.  The  principal  focus  of  a  convex  lens 
^Bnay  be  determined  experimentally  or  it  may  be  calculated  from  the 
^*formula  *  -  \=  J,  in  which  /  represents  the  principal  focal  dis- 
tance and  p  and  p',  the  conjugate  foci  for  an  object  farther  away 
mn  tht  principal  focal  ilistance.  That  is,  if  the  distance  of  the 
abject  from  the  lens,  p,  is  known,  and  the  distance  of  its  image,  p\ 
determined  experimentally,  the  pritu-ipal  focal  distance  of  the 
i,  /,  may  be  determined  by  the  formula,  f>r  if  any  two  of  the  fac- 
)rs,  p,  p\  and  /,  are  known  the  third  may  be  reckoned  from  the 
formula. 

Fonnation  of  an  Image  by  the  Eye. — As  stated  alwve,  the  re- 
fractive surfaces  of  the  eye  act  essentially  like  a  convex  len,s.     As  a 
matter  of  fact,  these  refractiA'e  surfaces  are  more  complex  than 
Uie  case  of  the  biconvex  lens,     In  the  hitter  the  niys  of  light 
fer  refraction  at  two  points  only.    Where  they  enter  the  lens 
ley  pa.ss  from  a  rarer  to  a  denser  medium  and  where  they  leave  the 
jna  ihey  pass  from  a  ilensor  to  a  rarer  medium.     .\t  these  two 
lints,  therefore,  Jhey  are  refracted.     In  the  e\'e  there  is  a  larger 
jries  of  refractive  surfaces.    The  light  is  refmctcd  at  the  anterior 
irfacc  of  the  cornea,  where  it  passes  from  the  air  into  the  denser 
ie<iiura  of  the  cornea;  at  the  anterior  surface  of  the  lens,  where  it 
jain  enters  a  denser  medium;   and  at  the  posterior  surface  of  the 
IS,  where  it  enters  the  less  dense  vitreous  humor.    The  relative 
jfmctjve  powers  of  these  different  media  have  been  determined 
id  are  expres.sed  in  terras  of  their  refractive  inilices,  that  of  air 
pifig  taken  as  unity.* 


•  The  term  index  of  refrnctinn  expresses  the  constant  ratio  between  the 

Jes  of  incidence  and  of  refraction,  or  specifically  between  the  sine  of  the 

fiine  i 

■fude  of  incid<mce  and  tho  ane  of  the  angle  of  refraction:   -. ■•  index  of 

^^  sine  r 
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Index  of  refraction  for  air ■-  1 

Index  of  refraction  for  cornea  and  aqueous  hu- 
mor   —  1.3365 

Index  of  refraction  for  crystalline  lens ■-  1.4371 

Index  of  refraction  for  vitreous  humor —  1.3365 

The  three  points  at  which  the  light  is  refracted  are  indicated 
in  the  accompanying  schema  (Fig.  126).  The  refractive  surfaces 
of  the  eye  may  be  considered  as  being  composed  of  a  concavo-convex 
lens,  the  cornea  and  aqueous  humor,  and  a  biconvex  lens,  the 
crystalline  lens.  In  a  system  of  this  kind,  composed  of  several 
refractive  media,  it  has  been  shown  that  to  construct  geometrically 

the  path  of  the  tavs  it  is 
necessary  to  know  six 
points;  these  are  the  six  car- 
dinal points  or  optical  con- 

•4 • 7   7  -P —  \      stants    of   Gauss, — namely, 

the  anterior  and  the  poete- 
nor  focal  distance,  the  two 
nodal  points,  and  the  two 
principal   points.       So  far 

Fi(t.  126.— pUpam  to  iUuiitrate  tb«  aurfaces  as  the  CVC  is  COnCCmed.  it 
■n  the  eve  at  which  the  nys  of  licht  are  chiefly       ,  •        '       ,  ,  ' , 

refracted.  has  been    shown    that  the 

path  of  the  rays  of  light 
may  be  represented  with  sufficient  accuracy  by  employing  what  is 
known  as  the  reduced  schematic  eye  of  listing,  in  which  the 
refraction  is  supposed  to  take  place  at  a  single  convex  surface 
sei)arating  two  media,  the  air  on  one  side  and  the  media  of  the  eye 
on  the  other,  the  latter  having  a  refractive  index  of  1.33  (see  Fig. 
127).  In  thi.s  retluced  eye  the  position  of  the  ideal  refracting 
surface  c'  lies  in  the  aqueous  humor,  at  a  distance  of  2.1  mms.  from 
the  anterior  «urfa«'e  of  the 
cornea,  Jind  the  position  of 
the  nodal  point  or  optical 
center — that  i.s,  the  center 

of  curvature  of  the  ideal       _^ t^~JL 

refract inj?   surface    lies    in 

the  crystalline  lens  at  n,  a  J^ 

distance  of  7M  nuns,  from 

the  anterior  surface  of  the  ...    ,.„    r«.— ».  .„ in.. .   .  .i •     i 

.       .  riK.  l*". — Diaimin  touluatrate  the  rtducol 

cornea.       Ihe    principal  fo-  or  echematlc  eye  with  a  ringle  refractins  eurfaw 

,    ,.   ,  ,     '  ,  .         ,        ^  wparatinK  two  media  of  different  denaitiaa:  t*. 

cal  distance  for  this  refract-  the  ideal    refractinR  nurfaoe  ritualed  2.1  mma 

r  1.  ^  i-  behind  the  anterior  inirfaee  of  real  cornea:  «. 

ini;    surface    lies    at    a    <llS-  the  nodal  point,  or  center  of  eurvatui*  of  the 

«...w.-.  ,.f    on  7  «.Mi<      »)iw.K  tmrface  e',  and  1.S.5  mm*,   in   front   of  retina. 

lance  ot    JO./    nun.'-.,  which  xhe  eyebaU  inmippoaed  to  be  filled  with  a  uni- 

tvoiilil      )ui      (xiiiivilpiit      in  form  mibMtance  ha  vinR  a  refractive  index  of  LSI. 

would      l>e      e<iui\.ium      to  ciual  to  that  of  the  VitiwHU  humor. 

22..S    mms.    (20.7     i    2.1) 

trom  the  actual  surface  of  the  cornea  and  15.5  mms.  (22.8  —  7.3) 

from  the  notial  point.     In  the  eye  at  rest  this  principal  focal 
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ice  coincides  with  the  retina,  since  the  refracting  surfaces 
the  normal  resting  eye  are  so  foitned  that  parallel  rays  (rays 
>m  distant  obje<'ts)  are  brought  to  a  focus  on  the  retina.    To 
iow  the  formation  of  tlie  imago  of  an  external  object  on  the  retina 
suffices,  therefore,  to  use  a  construct  ion  such  as  i.s  represented  in 
128.     Secondary  axes  are  drawn  from  the  limiting  jioints  of  the 
object — A  and  B — through  the  nodal  point.     Where   these  axes 
It  the  retina  the  retinal  image  of  the  object  will  be  formed.    That 
all  the  rays  of  light  proceeding  from  A  that  penetrate  the  eye  will 
focused  at  a,  and  all    proceeding  from  B  at  b.    The  image  on 
je  retina  will  therefore  be  inverted  anii  will  be  smaller  than  the 
>ject.    The  angle  formed  at  the  nodal  point  by  the  lines  A-n  and 
is  known  as  the  visual  angle;  it  varies  inversely  with  the  dis- 
icc  of  the  object  from  the  eye. 

The  Inversion  of  the  Image  on  the  Retina. — Although  the 
of  external  objects  on  the  retina  are  inverted,  we  see  them 
erect.  This  fact  is  easily  understood  when  we  rememter  that  our 
\isual  sensations  take  place  in  the  brain  and  that  the  pro- 
rtion  of  these  sensations  to  the  exterior  is  a  secondary'  act  tiiat  has 
;n  learned  from  cxjjerience.  Experience  has  taught  us  to  project 
visual  sensation  arising  from  the  stiniulutum  of  miy  giveu  point 
the  retina  to  that  part 
the  external  world 
nn  which  the  stimulus 
-that  is,  to  the 
iminous  point  giving 
rigin  to  the  light  rays, 
According  to  the  phy.«i- 
cal  principles  described 
above,  the  image  of  such 
a  point  must  be  formed 
on  the  retina  where  the 
secondary  axb  from  that 

[xiintthroughthe  nodal  point  touches  the  retina.  In  projecting  this 
retinal  stimulus  outward  to  its  source,  therefore,  we  have  learned 
to  project  it  l)ack,  as  it  were,  along  the  Hue  of  its  secondary  axis 
In  Fig.  128  the  retimJ  stimulus  at  a  is  projocteil  outward  along 
the  line  a-n- A,  and  to  such  a  distance  as,  from  other  sources,  we 
estiinat*  the  object  .1  to  be.  This  law  of  prf)jcction  is  fixed  by 
experience,  but  it  implies,  as  will  be  noted,  that  we  are  conscious 
of  the  diflfercnces  in  sensation  aroused  by  stimulation  of  different 
parts  of  the  retina.  Considering  the  retina  as  a  sensor^-  surface, 
— like  the  skin,  for  instance, — each  point,  speaking  in  general  terms, 
may  be  assumed  to  be  connected  with  a  definite  portion  of  the 
cortex,  and  the  sensation  aroused  by  the  stimulation  of  these  dif- 
ferent points  must  differ  to  some  extent  in  consciousness,  each  has 
20 


Fig.  128,— Dwgmra  to  illuitrale  llie  oitistrup- 
tion  DCtBHWiy  to  delermine  I  tic  looatiou  and  aiie  u( 
the  ratinal  unace. 
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its  local  sign.  The  sensations  arising  from  each  of  these  points  w 
have  learned  to  project  outward  into  the  external  world  aloufj;  tin 
line  from  it  to  the  nodal  point  of  the  eye,  because  under  the  nomia^-l 
conditions  of  life  this  point  is  stiraulated  only  by  external  objectt* 
situated  on  this  line.  This  law  of  projection  is  so  firmly  fixed  that 
if  a  given  point  in  the  retina  is  stimulated  in  some  unusual  way 
we  still  project  the  resulting  sensation  outward  according  to  the 
law,  and  thus  make  a  false  projection  and  interpretation.  For 
instance,  if  the  little  finger  is  inserted  into  the  inner  and  lower  angle 
of  the  eye  and  is  pressed  upon  the  e^'eltall  the  edge  of  the  retina  is 
stimulated  mechanically.  One  experiences,  in  consequence,  a 
visual  sensation,  known  as  a  phosphene,  consisting  of  a  dark-blue 
spot  surrounded  by  a  light  halo.  This  sensation,  however,  is 
projected  out  toward  the  upjwr  and  outer  angle  of  the  e}e,  accord- 
ing to  the  law  of  projection,  since  normally  this  part  of  the  retina 
is  only  stimulated  by  light  coming  from  such  a  direction.  A  similar 
error  in  projection  Ls  obtained  by  holding  objects  so  clo.se  to  the  eye 
that  a  physical  inverted  image  cannot  be  fomied,  but  only  an  erect 
shadow  image.  This  experiment  may  be  performed  as  follows: 
Hold  the  head  of  a  pin  close  to  the  e^'e,  and,  in  order  that  a  sharp 
shadow  may  be  thrown,  allow  the  light  to  fall  on  this  pin  through 
a  pinhole  in  a  card  held  somewhat  farther  from  the  eye.  By  this 
means  an  erect  shadow  of  the  pin,  lying  in  the  circle  of  light  from 
the  hole,  will  be  thrown  on  the  eye.  This  shadow  image  will  be 
projected  outward  according  to  the  usual  law,  and  consequently 
will  appear  inverted. 

The  Size  of  the  Retinal  Image. — The  size  of  the  image  of  an 
object  on  the  retina  may  be  reckoned  easily, provided  the  size  of  the 
object  and  its  distance  from  the  eye  is  known,  As  will  be  seen  from 
the  constniction  givTn  in  Fig.  128,  the  triangles  A-Ji-B  and  a-n-6are 
symmetrical;  consequently  we  have  the  ratio: 


A-B 
A-B 
a-b 
Size  of  object 
Siae  of  image   *" 


a-b    : 

A-n 


A-n   : 
that  is 


Distance  of  object  from  nodal  point. 
Distance  of  image  from  nodal  point. 


As  was  stated  above,  the  distance  "of  the  image  from  the  no 
point — that  is,  the  distance  of  the  retina  from  the  nodal  point — 
may  be  placed  at  1 5.5  or  15  mms.  Consequently,  three  of  the  factors 
in  the  above  equation  being  known,  it  is  easily  solvetl  for  the  un- 
known factor — namely,  the  size  of  the  image  on  the  retina.  To 
take  a  concrete  example;  suppose  it  is  desired  to  know  the  size  on 
the  retina  of  the  image  made  by  an  object  120  feet  high  at  a  distance 
of  one  mile  (5280  feet).     If  we  designate  the  size  of  the  image  as  x 
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ladsubstitute  the  known  values  for  the  other  terms  of  the  equation, 

or  i  —  0.341  mm.,  whieh  is  about  tlie  diam- 

fleraftbs  fovea  centralis.  The  retinal  unaye  of  the  object  in 
this  ate  would  l)e,  in  rounti  numbers,  about  rinf^nnr  of  the  actual 
beifbt  of  I  lie  object. 

Accommodation  of  the  Eye  for  Objects  at  Different  Dis- 
tinces. — The  jioruial  or,  as  it  is  sometimes  named,  tlie  emmetropic 
e>"e.  is  arranged  to  focus  parallel  ray.s  more  or  les.s  accurately  upjon 
the  retina.  Tliat  is,  the  refractive  media  have  such  curvatures  and 
ieBOties  that  parallel,  or  substantially  parallel  rays  are  brought  to 
t  focus  upon  the  retinal  surface.  When  objects  are  brought  closer 
to  the  eye,  however,  the  rays  proceeding  from  them  become  more 
and  more  divei^gent.  If  the  eye  remain.s  unchanged  the  refracted 
i»T«  fut  the  retina  before  coming  to  a  focus — so  that  each 
luminous  point  in  the  object,  instead  of  forming  a  point  upon  the 


Li 


ISA. — DUcnm  evpUininK  the  ehaDee  id  th«  pixiilion  of  tb«  imnn!  rcflect«d  from  tbv 
•nt«nar  mirlBce  of  the  cryBtaUice  lens. — {WiUuimt,  after  Dowlrr:) 


letiDa,  forms  a  circle,  known  as  a  diffusion  circle.  As  this 
■  itrue  for  each  point  of  the  object,  the  retinal  image  as  a  whole 
Wit  blurred.  We  know,  however,  lliat  up  to  a  certain  point 
it  least  this  blurring  does  not  occur  when  the  object  is  brought 
diMer  to  the  eyes.  The  eye,  in  fact ,  accommothites  itself  to  the 
nearer  object  so  as  to  obtain  a  clear  focu.t.  In  a  photographic 
eamera  this  accommodation  or  focusing  i.s  effected  by  moving  the 
ground  glass  plate  farther  away  as  the  object  is  brouglit  closer  to  the 
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lens.  In  the  eye  the  same  result  is  obtained  by  increasing  the  curva- 
ture and  thercfore  the  refractive  power  of  the  lens.  That  a  change 
in  the  lens  is  the  et^sential  fiutoi'  in  acconimodation  for  near  objects 
is  demonstrated  by  a  simple  and  ttmclusive  experiment  devised  by 
Helmholtz  with  the  aid  of  what  are  known  as  the  images  of  Pur- 
kinje.  The  principle  of  this  experiment  i.s  ^epre!^lentecl  bj-  the  dia- 
gram given  in  Fig.  129.  The  eye  to  be  ol)served  is  relaxed: 
that  is,  gazes  into  the  distance.  A  lighted  candle  is  held  to  one 
side  as  represented,  and  the  ob.ser\'er  places  liis  eye  so  as  to 
catch  the  light  of  the  candle  when  reflecle<l  from  the  observed  eye. 
With  a  little  pnictice  and  under  the  riglit  cunilitiniis  of  illumina^ 
tion  the  obsen-er  will  be  able  to  fee  tliree  images  of  the  caudle  re- 


Pix.   130.— Reflecteil  images  of  a  candle  flame  as  seen  in  ibe  pupil  of  an  eye  at  net  and 
aocoinmo4lai«<l  (or  new  ofajeeCei — (H'tUiamr) 

fle<'te<l  from  the  observed  eye  as  from  a  mirror:  one,  the  briublcsl, 
is  reflect e«l  from  tite  convex  surface  of  the  cornea  {a,  Fig.  130,  .4): 
one  much  dimmer  and  of  larger  size  is  reflected  from  the  convex 
surface  of  the  lens  (b.  Fig.  1:J0,  A).  This  image  is  larger  and 
fainter  because  the  reflecting  .'Surface  i.s  leas  curved.  Tlie  thin! 
image  (c,  Fig.  130,  A)  is  invertetl  and  is  smaller  and  brighter 
than  the  second.  This  image  is  reflected  from  the  posterior 
surface  of  the  lens,  which  acts,  in  this  instance,  like  a  concave 
mirror.  If  ntiw  the  observe<l  eye  gazes  at  a  near  object,  it  will 
be  noted  (Fig.  130,  B)  that  the  first  image  does  not  change  at 
nil,  the  third  imn?e  also  remains  practically  the  same,  but  the 
middle  image  (6)  becomes  smaller  and  approaches  jjea.tT  lo  the 
fimt  (a).  This  result  can  only  mean  that  in  the  act  of  accom* 
mo<lHtion  the  anterior  surface  of  the  lens  l)ecomes  more  conv< 
In  til  is  way  its  refractive  power  is  increased  ami  the  more  divt 
grnl  rays  fn)m  the  near  object  are  forusetl  on  the  retina.  Helm- 
holt «  has  shown  that  the  curvature  of  the  posterior  surface  of  the 
len.s  Ls  also  increuM'd  .^lightly;  but  the  change  is  so  slight  that  the 
increase*]  refractive  power  is  referred  chiefly  to  the  change  in  the 
Miterior  surface.     The  means  by   which  the  change   is  effec 
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WK  first  explained  satisfactorily  by  Helmholtz.*  He  attributed 
it  to  the  rontraction  of  the  cilian'  muscle.  This  sinull  musfle, 
conpcaed  of  pUiin  muscle  fibers,  is  found  withiu  the  eyeballj  lying 
bitiwa  the  choroid  and  the  sclerotic  coat  at  the  jwint  at  which  the 
■ienitio  passes  into  the  coruea  and  the  choroid  falls  into  the  ciliary 
poenaea.  Some  of  its  fibers  take  a  more  or  less  circular  direction 
MQund  the  eyeball,  resembling  thus  a  sphincter  muscle,  while  others 
tabtr»lial  direction  in  the  i*hinesof  the  meridiuiisof  theeyeaiul 
bre  their  insertirm  in  the  clioroid  coat  (Fig,  131).  When  this 
ODKle  contracts  the  radial  fibers  especially  will  pull  forward  the 
tboroid  ooat.  The  effect  of  this  change  in  the  choroid  is  to  loosen 
thf  ffiill  of  the  suspensory  ligament  (zonula  Zinnii)  on  the  lens  and 
thif  oigan  then  bulges  forward  by  its  own  elaj^tieity.  The  theory 
tmtD»  that  in  a  condition  of  rest  the  suspen.sor>'  ligament,  which 
raw  from  the  ciliary-  processes  to  the  capsule  of  the  lens,  exerts  a 


Ciliary  muscle. 


fk-  m.~ 


On  MtT«.tk. 

Metioo  of  «^«lwl>  aft«r  removal  of  selerotio  ooat,  eoriMa,  and  iria, 
to  show  ihe  pontion  <>f  tbe  ciliary  tiiusele. — {Schuitte.) 


^Hpbn  U]x>n  the  lens  which  keeps  it  flattened,  particularly  along 

nsiBterior  surface,  since  the  ligament  is  attached  mom*  to  thLs  side. 

When  this  tension  is  relieved  indirectly  by  the  contraction  of  the 

HvBiiiy  muscle  the  elasticity  of  the  lens,  or  rather  of  the  capsiile  of 

B  tile  Ibds,  causes  it  to  assume  a  more  spherical  shape  along  it.s  anterior 

r*llfaee,  and   the  amount  of  this  change  is  proportional  to  the 

txient  of  contraction  of  the  muscle.     Other  theories  have  l>een 

jropofied  to  explain  the  way  in  which  the  contraction  of  the  ciliary 


Iti,   "Handlmch  dcr  physiologischen   (.>ptik,"   second  edition. 
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muscle  effects  a  change  in  the  curvature  of  the  lens,*  but  none  L^ 
so  shnple  antl,  on  the  whole,  so  satisfactory  as  the  one   suggesiecM. 
hv  Helmhohz, 

It  is  iuterestin^  to  note  that  in  fishes  Qccoramodation  is  effcct«?d  in  s. 
different  way,  namely,  by  nioxcments  of  tlio  lens  forward  aud  backwani. 
In  tliewe  animals  tlie  eye  wJien  at  rest  is  accommodated  for  near  %ision.  and 
to  sec  objecU  at  a  distance  llie  refractive  power  of  the  eye  is  diminiehed  by 
the  contraction  of  a  special  muscle,  retractor  UrUia,  which  pulla  the  lens  towanl 
the  retina,  t 

Limit  of  the  Power  of  Acconunodation^Near  Point  of 
Distinct  Vision. — When  an  object  in  brought  closer  and  closer  to 
the  eye  a  jxjint  will  be  reached  at  which  it  is  iiiijx)ssible  by  the 
strongest  contmciion  of  the  ciliarj*  muscle  to  obtain  a  clear  image 
of  the  object.  The  rays  front  it  are  so  divergent  that  the  refractive 
surfaces  are  unable  to  bring  them  to  a  focus  on  the  retina.  Each 
luminous  jxiint  makes  a  diffusion  circle  on  the  retina,  and  the 
■whole  image  is  indistinct.  The  distance  at  which  the  eye  is  just 
able  to  accommodate  and  within  which  distinct  vision  is  impos- 
sible is  called  the  wear  point  Obscn-ation  show.s  that  this  near 
point  varies  steadily  with  age  and  becomes  rapitlly  greater  in  dL*- 
tance  between  the  fortieth  and  the  fiftieth  year.  In  the  ea.se  of  the 
normal  eye  the  rece.ssion  of  the  ne^ir  jioiut  varies  so  regularly  with 
age  that  its  determination  may  be  use^l  to  estimate  the  age  of  the 
individual.     Figui-es  of  this  kind  are  given  : 
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"     3.94 

H     " 

"     5.61 

22     " 

"     8.66 

40     " 

"    15.75 

100     " 

"  39.37 
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This  gradual  lengthening  of  the  near  point  is  explained  usually 
by  the  .supposition  that  the  len.s  loses  its  elasticity,  so  that  con- 
traction of  the  ciliary  muscle  has  less  and  less  effect  in  causing  an 
increase  in  its  curvature.  The  process  starts  very  early  in  life, 
and  is  one  of  the  many  facts  which  show  that  senescence  begins 
practically  with  f)irth.  The  change  in  near  point  in  early  life  is  so 
slight  as  to  escape  notice,  but  after  it  ifaches  a  distance  of  about 
25  cm.  (about  lU  inches)  the  fact  obtnides  itself  upon  us  in  the  use 
of  our  eyes  for  near  objects, ^reading,  for  example.  The  condition 
is  then  designated  as  (jld^sightedness  or  presbyopia.  Mo.st  normal 
eyes  become  ."^o  distinctly  presliyopic  lietween  the  fortieth  and  the 
fiftieth  year  as  lo  recjuire  the  use  of  glasses  in  reading.  If  no  other 
defect  exists  in  the  eye,  this  deficiency  of  the  lens  is  readily  over- 

*See  Tscherniiig,  "  Optitiue  pliysiologiquo,"  Paris,  18(18;  and  Schocn, 
"  Arcliiv  f.  die  (5es.<immte  Physiologic,"  .W,  427,  18G5. 

t  Sec  Hetr,  "Wiener  khnische  Wochenschrift, "  1898,  No.  12. 


Digitized  by 


Google 


DIOPTRICS  OF  THE  EYE. 


ooow  by  using  suitable  convex  glasses  to  aid  the  eye  in  focusing 

the  an.    It  is  obvious  that  in  such  cases  the  glasses  need  not  be 

usfd  except  for  near  work. 
Far  Point  of  Distinct  Vision. — The  norma!  eye  is  so  adjusted 

thtt  paallcl  rays  are  brought  to  a  focus  on  the  retina.  The  far 
poiot  is  therefore  theoretically  at  infinity.  Objects  at  a  great 
(SBtnoe  are  seen  distinctly,  as  far  as  their  size  permits,  without 
Meomniodation, — that  is,  with  the  eye  at  rest.  Praclicaliy  it  is 
fcund  that  objects  at  a  distance  of  6  to  10  meters  (20  to  30  feet )  send 
Wf»  that  are  sufficiently  parallel  to  focus  on  the  retina  without 
niKular  effort  on  the  part  of  the  eyes,  and  this  distance,  therefore, 
sninres  tlie  jiractical  far  point,  pujwtum  renwtum,  of  the  normal 
«5t.  The  rays  at  this  distance  are.ln  reality,  soniewliat  divergent, 
and  that  they  produce  a  di-stinet  image  without  an  aet  of  accom- 
ffiodation  may  Ije  due  to  the  fact  that  the  rods  and  cones,  the  really 
■udtive  part,  of  the  retina,  do  not  fonn  a  mathematical  plane,  but 
tan  ft  certain  thickness  or  depth.  In  the  fovea  centralis,  for  in- 
itaaee,  the  cones  have  a  length  estimated  (GreefF)  at  85  /i  (0.085 
mm.),  and  since  the  displacement  of  the  focus  of  an  ofjject  moved 
(rom  an  infinite  distance  (parallel  rays)  to  6  or  10  meters  from  the 
ereij  less  than  this  amount,  the  focused  image  would  continue  to 
bU  OD  some  part  of  the  cones  without  the  aid  of  the  mechanism  of 
ieooQunodation. 

The  Refractive  Power  of  the  Eye  and  the  Range  of  Accom- 
mo<lation.^The  refractive  power  of  leii.'tes  is  expressed  u.sually 
inl(frm.s  of  their  principal  (oral  distance.  A  lens  with  a  distance 
of  one  meter  is  taken  as  the  unit  and  is  desij;;n!ited  as  having  a 
refntetive  power  of  one  diopter,  1  D.  Compared  with  this  unit, 
the  pefmctive  power  of  lenses  is  expres.sed  in  terms  of  the  recipro- 
<«1  of  their  principal  focal  distance  measured  in  meters:  thus, 
»  fens  with  a  principiil  focal  distance  of  yV  meter  is  a  lens  of  10 

I  diopters,  10  D.,  and  one  with  a  focal  distance  of  10  meters  is 
i,  diopter  (0.1  D.).  Tlie  anterior  principal  focal  distance  of 
Recombination  of  refractive  surfaces  in  the  eye  is  15.5  mms.  or 
ns  Deters.  The  reciprocal  of  this  length  of  focus.  ',''",."  or  64.5  D., 
expresses  the  refractive  power  of  the  eye  under  the  normal  con- 
ditions in  which  the  rays  are  refracted  into  the  dense  vitreous 
humor.  The  anterior  focal  length  of  the  comea  alone  is  given  as 
[23.3  mm.,  which  would  correspond  to  a  power  of  42.'.»  D..  white  the 
*Hlerior  focal  length  of  the  lens  alone  Ls  equal  to  50.6  mm.  or  about 
20  D.  In  the  combined  system,  therefore,  the  action  of  the  cornea 
|i»more  important  than  that  of  the  lens.  Removal  of  the  lens,  as 
operations,  does  not  lessen  the  refractive  p)ower  of  the 
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eye  so  much  as  when  the  action  of  the  cornea  is  destroyed,  as 

happens  for  the  m33t  part  when  the  head  is  immersed  in  water. 

The  total  refractive  power  of  the  eye  is  increased  by  the  act  of 

accommodation,  on  account  of  the  greater  curvature  of  the  lens. 

As  stated  in  a  preceding  paragraph  the  extent  of  accommodation 

varies  with  age.     At  10  years  the  range  is  from  infinity,  when  the 

|eye  is  at  rest,  to  7  ctm.  when  the  maximum  accommodation  is 

/used.    In  this  case,  therefore,  the  refractive  power  is  increased 

/from  64.5  D.  to  78. 5  D.,  since  a  distance  of  7  ctm.,  -j-J^  meter,  is 

lequivalent  to  ^^  or  14    r  D.    The  decreasing  range  of  accom- 

j  modation  as  age  increases  is  expressed  conveniently  in  tba  number 

j  of  diopters  which  may  \ye  added  to  the  refractive  power  of  the 

eye  by  the  action  of  the  ciliary  muscle. 

The  following  table  illustrates  the  usual  range  of  accom* 
modation  for  different  ages  : 

Ranee  of  accommodation 
Years.  in  diopten. 

10  14 

15  12 

20  ....       10 

2.>  8.5 

30  7 

•35  5.5 

40  4.5 

4.5  3.5 

50  2.5 

55  1.75 

f»0  1 

r>5 0.75 

70  0.25 

Optical  Defects  of  the  Normal  Eye.— The  refractive  surfaces 
of  the  eye  pxhihit  some  of  the  optical  defects  commonly  noticed 
in  lenses,  particularly  those  defects  knox^-n  as  chromatic  and  spherical 
aberration.  White  light  is  composed  of  ether  waves  of  different 
length.^  and  different  rapidities  of  vibration,  the  shortest  waves  being 
tho.se  at  the  violet  end  of  the  spectrum  and  the  longest  those  at  the 
red  end.  In  pa.s.*jing  through  a  prism  or  lens  these  waves  are  re- 
fracted unequally  and  are  therefore  more  or  less  dispersed  accord- 
ing to  the  character  of  the  n^f meting  medium.  The  short,  rapid 
waves  at  the  violet  end  are  refracted  the  most  and  are  brought  to 
a  focus  befon»  the  longer,  red  wave.**,  .so  that  the  image  sho^v 
fringes  of  ct>lor  instead  of  being  pure  white.  This  phenomenon 
is  known  as  chromatic  aberration.  Lenses  used  for  scientifio 
purposes  arc  correctetl  for  this  defect  or  made  achromatic  by  a 
combination  of  lenses  of  crown  and  flint  glass  so  placed  that  tlie 
disiKTsive  ix)wcr  of  one  neutralizes  tlmt  of  the  other.  The  eye 
exhibits  this  defect,  but  not  to  such  an  extent  as  to  be  noticeable 
in  onlinar>'  vision.    If,  however,  an  object  is  in  focus  when  viewed 
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by  red  light  it  can  lie  .slio«7i  that  the  focus  must  lie  rhanged  if  the 
same  object  is  iUurulnatRd  by  violet  light.     Helmholtz  estimates 
that  if  the  media  of  the  eye  fx>.ssess  the  same  dispersive  power  as 
trater  the  rays  of  violet  light  must  l^>e  Ijrought  to  a  focus  at  about 
4^14  mm.  in  front  of  tlxat  of  the  red  rays. 
Spherical  aberration  depends  upon  the  fact  that  the  ra}'s  near  the 
circumference  of  a  lens  are  refracted  more  and  therefore  are  brought 
to  a  focus  sooner  than  those  entering  nearest  the  center.     This 
defect  may  be   noticed  in  an   imcorrected  lens  by  the  fact  that 
■when  the  center  of   the  image  Is  in  exact  focus  its  margins  are 
slightly  out  of  focus  and  ince  versa.    The  defect  is  usually  cor- 
rected,  as   in   photography,   bj'  use  of   a  diaphragm  to  cut  off 
rays  from  the  periphery'  of  the  lens.     In  the  eye  both  spher- 
■al  and  chromatic  abemitions  are  remodiod  to  a  largo  extent  Ijy 
similar  device.     The  iris  constitutes  an  adjustable  iliaphragm, 
which  reflexly  narrows  as  the  light  increases  in  intensity  and 
thus  cuts  off  the  rays  that  would  go  through  the  periphery  of 
he  lens.     The  interesting  physiological  control  of  the  movements 
f  the  iris  i.s  descrilied  below.     In  the  eye  the  defect  of  spherical 
herration   is  counteracted  also  by  the  peculiar  structure  of  the 
rystalline   lens.    This    oi^gau   is  composed   of   concentric  layers 
hose  deasity  increases  toward  the  center.    The  result  of  this 
rrangement  is  that  the  center  of  the  lens  is  more  refracti\'e  than  the 
ripher}',  and  the  tendenc}'  of  the  latter  portion  to  refract  more 
rongly  is  more  or  le.ss  neutralized.     A  third  optical  defect  of  the 
e  consists  in  the  fact  that  its  refractive  surfaces  are  nut  absolutely 
ntered, — that  is,  the  centers  of  curvature  of  the  cornea  and  of  the 
lienor  and  the  ix)sterior  surfaces  of  the  lens  do  not  lie  in  the  same 
ht  line.     Moreover,  the  optical  axis  of  the  system  tloes  not 
ide  exactly  with  the  lineof  sight.    By  t  he  latter  term  we  mean  the 
le  fR>m  the  point  looked  at  to  the  fovea  centralis  or  the  part  of  the 
ivea  on  which  the  image  of  the  jxiint  falls.    This  line  of  sight  or 
^ual  axis  makes  an  angle  of  a1>out  five  degrees  with  the  «iptical 
The  system  woidd  be  more  i^erfect  as  an  optical  apparatus 
two  axes  coincided. 
Abnormalities  in  the  Refraction  of  the  Eye — Ametropia. — 
eye  that  is  normal  and  in  which  parallel  rays  focus  on  the 
itina  when  the  eye  is  at  rest  is  designated  as  emmetropic.     Any 
hty  in  the  refractive  surfaces  or  the  shape  of  the  eyeball 
prevents  this  exact  focu-sing  of  parallel  rays  and  makes  the  eye 
ametropic.     The    most    common    refractive   trouble-s   of   the   eye 
due  to  short-sightedness  or  myopin.  far-sighteilness  or  hyper- 
r..r>,«,    astigmatism,  and  old-sightedness  or  presbyopia.     Some 
o  r,n  of  these  conditions  is  useful  to  emphasize  by  contrast 
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the  mode  of  action  of  the  dioptric  niechfinism  in  the  normal  ej 
but  for  a  full  description  of  the  extent  and  complexity  of  lh« 
defects   reference   must   be  made  to  special   treatises  upon  the 
errors  of  refraction  in  the  eye. 

In  mijopia  or  near-sightedness  parallel  rays  of  light  are  brought 
to  a  focus  before  reaching  the  retina.  Consequent  ly  when  the  rays 
fall  upon  the  retina  each  point  forms  a  diffusion  circle  and  the  image 
is  indistinct.  This  defect  may  be  due  to  an  abnormally  great  cur- 
vature of  the  refractive  surfaces,  the  cornea  or  the  lens,  or  to  an  ab- 
nomial  length  of  the  eyeball  in  its  anteroposterior  diameter.  The 
latter  cause  is  the  more  common.  The  defect  may  be  congenital, 
but  usually  it  is  acquired,  and  in  the  latter  cjise  its  cause  is  generally 
attributed  to  a  weakness  in  the  coats  of  the  eyeball.  The  interior 
of  the  eye  is  under  some  pressure,  intra-ocular  tension,  wliich  is 
estimated  to  be  equal  to  the  pressure  of  a  column  of  mercurj'  25  to  30 
mms.  in  height.  TWa  tension  ht  increased  by  strong  convergence  of 
the  eyeballs  in  looking  at  near  objects.  If  the  coats  of  the  eye  are 
'weak  or  become  so  from  disease  or  malnutrition  they  may  yield 
somewhat  to  tbis  pressure  and  the  eyeball  become  lengtliened  in  the 
anterofxjsterior  diameter.  The  condition  as  regards  refraction  of 
parallel  rays  is  represented  then  by  the  diagram  B,  in  Fig.  132. 
The  retina  is  farther  away  than  the  principal  focal  distance  of  the 
refractive  surfaces,  and  if  the  defect  is  excessive  even  ^liverging 
rays  may  not  be  focused.  The  obvious  remedy  for  such  a  condition 
is  to  tise  concave  lenses  before  the  eyes  for  distant  \'ision.  By  this 
means,  if  the  len.scs  are  properly  chosen,  the  rays  will  be  given  such 
an  amount  of  divergence  that  the  focus  will  be  thrown  back  to  the 
retina.  As  compared  with  the  normal  or  emmetropic  eye,  the 
myopic  eye  has  its  far  point  of  distiiact  vision — that  is,  the  farthest 
point  that  can  be  seen  distinctly  without  an  effort  of  accommo- 
lion — less  than  twenty  feet  from  the  e>e,  the  exact  distance  tlepend- 
ing  upon  the  extent  of  the  myopia.  t>n  the  contrary,  the  near  point 
of  distinct  vision — that  is,  the  nearest  fjoint  at  which  distinct  vision 
can  be  obtained  with  the  aid  of  the  muscles  of  accommodation — is 
closer  than  in  the  normal  eye.  Much  of  the  prevalent  myopia  in  the 
young  is  attributed  by  oculists  to  bad  methods  in  reading,  such  aa 
insufficient  lighting,  small  print,  and  a  faulty  position  of  the  book. 
Such  conditions  lead  to  an  excessive  muscular  effort  and  thua 
aggravate  any  tendency  that  exists  toward  the  development  of  a 
near-sighted  condition. 

In  hypemtftropia  the  conditions  are  the  opposite  of  those  in 
myopia.  Parallel  rays  of  light  after  refraction  in  tJie  eye  cut  the 
retina  before  they  come  to  a  focus.  The  principal  focal  distance,  in 
other  words,  is  behind  the  retina.     In  this  case.   also,  each  point 
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of  a  distant  object  will  make  upon  the  retina,  when  the  eye  is  not 
accommodated,  a  diffusion  circle,  and  the  image  consequently  is 
blurred.  This  defect  may  be  caused  by  a  lessened  curvature  or 
refractive  power  in  the  cornea  or  lens,  but  in  the  majority  of  cases 
it  is  referable  to  a  diminution  in  the  anteroposterior  diameter  of 
the  eyeball.  This  condi- 
tion is  usually  congenital: 
the  eyeball  from  birth  is 
smaller  than  the  normal. 
The  path  of  the  parallel 
rays  in  this  case  is  repre- 
sented in  the  diagram  C, 
Fig.  132.  When  such  an 
eye  looks  at  a  distant  ob- 
ject a  clear  image  may  be 
obtained  only  by  using  the 
ciliary  muscle,  and  to  pre- 
vent this  constant  strain 
upon  the  muscle  of  accom- 
modation convex  glasses 
must  be  worn.  Glasses  of 
this  kind  converge  the 
rays  and  if  properly  chosen 
will  bring  parallel  rays  to 
a  focus  without  the  con- 
stant aid  of  accommoda- 
tion. It  is  obvious  that 
in  the  hypermetropic  eye 
there  is  no  far  point  of 
distinct  vision  when  the 
^e  is  at  rest,  since  some 
accommodation  must  be 
used  to  bring  even  parallel  rays  to  a  focus.  The  near  point  of 
distinct  vision  will  be  farther  away  than  in  the  normal  eye.  since 
accommodation  begins  when  the  rays  are  parallel  and  its  limits 
are  reached  with  a  less  degree  of  divergence;  hence  the  name  of 
farnsightedness. 

Presbyopia  or  old-sightedness  has  been  referred  to  above.  It 
is  due  to  a  gradual  failure  in  the  effectiveness  of  accommodation 
with  increasing  age,  and  is  attributed  usually  to  a  progressive  in- 
crease of  rigidity  in  the  lens.  The  near  point  of  distinct  vision 
recedes  farther  and  farther  from  the  eye.  and  consequently  in  close 
work  convex  glasses  must  be  worn  to  aid  the  accommodation.  It 
Is  obvious  that  this  effect  of  old  age  will  be  less  noticeable  in  the 


132. — Diagram  showing  the  difTerenoe  be- 
tween DomuU  (A)<  niyopic  (fi),  and  hypermetropie 
(C)  eyes.  In  is  and  C  the  dotted  lines  represent  the 
path  of  the  raya  after  correction  by  glasses. — {Beno- 
ditch.) 
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myopic  than  in  the  emmetropic  eye,  since  in  the  former  the  greattf 
length  of  the  eyeball  requires  less  accommodation  in  near  visicm  and 
the  failure  of  the  lens  to  refract  is  therefore  not  felt  so  soon  What 
is  known  as  second-sight  in  the  old  may  be  brou(^t  about  by 
the  late  development  of  a  myopic  condition,— ^that  is,  by  a  change 
in  the  length  of  the  eyeball  or  by  a  swelling  of  ttie  crystalline 
lens, — and  in  such  a  case  convex  glasses  for  near  work  may  be 
dispensed  with. 

Astigmatism. — ^In  a  perfectly  normal  or  ideal  eye  the  refraeti^ 
surfaces,  cornea,  anterior  and  posterior  suxfacee  of  the  tens,  aie 
sections  of  true  spheres,  and,  all  the  meridians  bdng  of  equal 
curvature,  the  refraction  along  these  different  meridians  is  equaL 
Such  an  eye  will  bring  the  cone  of  rays  proceeding  from  a  himinooi 
point  to  a  focal  point  on  the  retina,  barring  the  distuibtng  influenee 
of  chromatic  and  spherical  aberration.  If,  however,  one  or  all  of  the 
refractive  surfaces  have  imequal  curvatures  along  different  merid- 
ians, then  it  is  obvious  that  tiie  rays  from  a  luminous  point  can  not 
be  brought  to  a  focal  point,  since  the  rays  along  the  Djeridian  ci 
greater  curvature  will  be  brought  to  a  focus  first  and  begin  to  divoge 
before  the  rays  along  the  lesser  curvature  are  focused.  Such  a 
condition  is  designated  as  astigmatism  (from  a,  not,  and  *Tqr/im, 
point).  The  effect  may  be  illustrated  by  the  diagram  in  Ftg.  133, 
which  represents  the  refraction  of  the  rays  from  a  luminous  point  by 
a  planoconvex  lens  whose  curvature  along  the  vertical  meridian  is 
greater  than  along  the  horizontal  meridian. 

The  rays  along  the  vertical  meridian  are  brought  to  a  focus 
first  at  G,but  those  from  the  horizontal  meridian  are  still  converging; 
so  that  a  screen  placed  at  this  point  will  give  the  image  of  a  horixontat 
line  (a-a').  The  rays  along  the  horizontal  meridian  are  brought  to  a 
focus  at  B,  but  those  from  focus  G  have  by  this  time  spread  out 
in  a  vertical  plane,  so  that  a  screen  placed  at  this  point  will  give 
the  image  of  a  vertical  line  (6-c).  In  between  the  images  will  be 
elliptical  or  circular,  as  represented  in  the  diagram.  In  the  eye 
astigmatism  may  be  due  to  an  inequality  in  curvature  of  either  the 
cornea  or  the  lens,  and  may  be  either  regular  or  irregular.  By 
n>f):ular  astigmatism  is  meant  that  condition  in  which  white  the 
cimnturc  along  each  individual  meridian  is  equal  throughout  Hi 
course,  the  cur\'atures  of  the  different  meridians  vaiy  and  in  audi 
a  way  that  tho  meridians  of  greatest  and  least  curvature  are  at 
rifiht  unjiU's  to  each  otlier  or  approximately  so.  Ordinary  astig- 
iiiatisin  is  of  the  ref^Inr  variety,  and  is  usually  attributed  to  a 
(i(>f(>(t  in  tho  curvature  of  the  cornea.  If  the  astigmatism  is  such 
tliat  the  vcrtiral  meridian  has  the  greatest  curvature  it  is  tenned 
"with   the   niie.'   since  usually  this  meridian  is  sU^tly  umm* 
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ir\'e<l  than  the  horizontal  one.  If,  on  the  contrary,  the  cur- 
iture  along  the  horizontal  meridian  is  greater,  the  astigmatisna 
"against  the  rule.  "  The  meridians  of  greatest  and  lea.>*t  t-urva- 
ire  may  not  lie  in  the  vertical  and  horizontal  planes,  but  in  some 
the  oblique  planes;  but  so  long  as  they  are  at  right  angles  the 
stigmatism  Is  regular.  It  is  evident  that  such  a  condition  may 
corrected  by  the  use  of  cylindrical  lenses,  so  chosen  as  to  in- 
crease the  refraction  along  the  nierithan  in  which  the  cornea 
has  the  least  curvature,  in  which  case  a  convex  or  plus  cylinder  is 
used,  or.  on  the  other  hand,  to  diminish  appropriately  the  refraction 
Along  the  meridian  of  greatest  curA'ature.  in  which  case  a  concave 
or  minus  cylinder  is  used.     An  eye  that  suffers  from  a  marked 
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133. — Schema,  to  illuslrata  th«  paths  of  the  rmya  of  linht  in  a  cornea  ahowlng 

iw»ijniiati»f«.~-(.Vf<:A'mJrieit.)     The  lower  line  of   ngures  represents  the  scetion  ol 

a  of  lisfat.  or  the  iiiiaxes  obtaiue<l  at  dillereot  Hislanoes.  The    linaKe  varien  from  s 

■t«l  to  a  vertiesl  Uoe,  but  at  no  place  con  a  point  be  obtaiueU  at  whirh  rays  along 

ridi«ns  are  foouaed. 

degree  of  astigmatism  cannot  focua  distinctly  at  the  same  time 
fines  that  are  at  right  angles  to  each  other;  hence  the  use  of  a 
_8erie8  of  lines  whose  images  are  formed  along  the  different  meridians 
the  eye,  as  shown  in  Fig.  134,  will  reveal  this  defect  if  it  exists, 
the  eye  is  directed  to  the  center  of  intersection  of  the  lines  .some 
the  Unes  appear  distinct  while  those  at  right  angles  to  thera 
hlurretJ.  A  normal  eye  can  be  thrown  into  an  astigmatic  con- 
ilion  by  approximating  the  eyelids  closely.  In  this  po.-<ition  the 
ire  make  a  concave  cylindrical  lens,  which  alters  the  curvature 
jng  the  vertical  meridian.  What  i.s  known  as  irregular  astig- 
itism  is  due  to  the  fact  that  \\\v.  nieriiiians  of  greatest  and  least 
vature  are  not  at  approximately  right   angles,   or,  as   is  more 
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commonly  the  case,  it  is  due  to  an  irregularity  in  the  curvature 
along  some  one  meridian,  such  an  may  be  produced  by  a  scar  upon 
the  cornea.  This  condition  may  be  produced  from  a  variety  of 
causes  aflfeclLng  either  the  cornea  or  the  lens,  and  practically  it 
can  not  be  corrected  by  the  use  of  lenses.   As  Helmholtz  has  shown, 

a  small  degree  of  irregular 
astigmatism  is  present  nor- 
mally, owing  to  a  certain 
asynunetry  in  the  curvature 
of  tlie  lens.  This  deiect  is 
made  apparent  in  the  visual 
sensations  caused  by  a  point 
of  light,  such  as  is  furnished, 
for  instance,  l>y  a  fixed  etar. 
•  The  retinal  image  in  these 
cases,  instead  of  being  a  sym- 
metrical point,  is  a  radiate 
figure  the  exact  form  of 
which  may  vary  in  different 
eyes.  For  this  reason  the 
fixed  stars  give  us  the  yrelV- 
known  star-shaped  image 
Instead  of  a  clearly  defined 
point. 

Innervation  and  Physiological  Control  of  the  Ciliary  Muscle 
and  the  Muscles  of  the  Iris. — From  an  optical  point  of  view  the 
iris  plays  the  part  of  a  diaphragm.  It  is,  moreover,  an  adjustable 
diaphragm  the  aperture  of  which — that  is,  the  size  of  the  pupil — 
is  varied  reflexly  acconling  t<]  the  conditions  of  illumination.  Ita 
adjustments  arc  made  possible  by  the  fact  that  it  contains  within 
its  substance  two  iiands  of  muscular  tissue,  one.  the  sphincter 
miiscle,  fonning  a  circular  ring  whose  contraction  diminishes  the 
aperture  of  the  pupil,  and  the  other  a  dilator  muscle  whose  contrac* 
tion  widens  the  pupil.  I'^ch  of  these  muscles  possesses  its  own 
nerve  fibers  that  arise  ultimately  from  the  brain,  and  through  these 
fibers  reflex  movements  of  great  delicacy  are  effected.  The  sphinc- 
ter pupilla*  is  a  well-defined  band  of  plain  muscle  whose  width 
varies,  according  to  the  state  of  contraction,  from  0.6  to  1.2  nuns.; 
it  forms  a  ring  lying  just  on  the  maigin  of  the  pupil,  and  it  Is  ina- 
beddetl  in  the  stroma  of  the  iris.  The  histological  differentiation 
of  the  dilator  pupills  is  much  less  distinct.  For  a  long  time  its 
existence  was  the  subject  of  controversy,  but  it  is  now  conceded 
that  such  a  muscle  is  present  in  the  fonn  of  a  layer  of  elongated 
spindle-like  cells  which  lie  close  to  the  pigment  layer  of  the  iris  and 


Fig.  134. — AatigBulio  obart. 
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fgno  radial  bundles  stretching  from  the  ciliary  border  of  the  iris 
lomd  the  pupillary  orifice.*    Both  of  these  muscles  are  supplied 
byutoooniic  nerve  fibers — that  is,  the  motor  nerve  path  comprises 
1  prcgapglionic   fiber,  arising  from  the  central  nervous  system, 
imi  A  postganglionic  fiber,  arising  from  a  sympathetic  ganglion, 
lily  if  can  l)e  shown  that  the  sphincter  muscle  is  supplied 
iort   riliar>-  nerves   arising    from    the   ciliary  ganglion, 
wiuch   supply    also    the 
r,..;..   nf    accommoda- 
( iliarv*  muscle; 
X  ...>  Uie  dilator  muscle 
;p{)lied  by  the   long 
fuir.'  nerves  that  arise 
:ni:ii     the      ophthalmic 
r-ranrh  of    the  fifth  cra- 
nial nen-e,  as  represented 
in  Fig.  135.     The  entire 
eoane    of     the     motor 
patltt,  preganglionic  and 
pQrtgtaglionic    fibers,   is 
RfRHented  diagrammat^ 
iBin?  in  Fig.  136.    The 
SDotor  fibers  to  the  ciliary 
BURJe    and     sphincter 
popJilB  arife  in  the  mid- 
bnin  in  the  nucleus  of 
origin  of  the  third  cranial 
Dent,  and  indeed   in  a 
WBoal  part  of  this  nu- 
onb  lying    most    ante- 
riorly.   They  leave   the 
third  nerve  in  tiie  orbit 
aod  end  within  the  sub- 
«tince  of  the  ciliary  gan- 
gjna,  whence  the    path 
it  eontinued  by  sympa- 
tfetic     ( pootganglionic ) 
Sbtn  emerging  from  the 
fU|gik>n  in  the  short  ciliarv  nerves.     The   fibers  to  the  dilator 
musele  have  a  very  different  path.     They  arise  also  in  the  brain, 
most  probably  in  the  midbrain,  although  their  exact  origin  has 
act  been    determined   satisfactorily,  and  pass  down   the  spinal 

•  For  a  physioiogical  proof  and  the  literature  of  the  contpovcrey  aee 
iMD^tj  and  Anderaon,  "Journal  of  Phvsroloi^y,"  13,  564,  1892.  For  the 
hiirtotagical  proof,  Gninert,  "Archives  of  Ophthalmology,"  30,  377,  1901. 
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Counts  of  constrictor  nervo  fibers, 
Oouiae  of  dilator  nerve  fibers, — 


KiK.  135. — Disarammatie  repreaentAtion  of  tb« 
n«rve8  governitiK  the  pupil  (after  Fatter) :  //,  Optio 
iwrve;  t.g,  ciliary  guiiKliun;  r.b,  its  nhorl  root  from 
///.motor  oouU  nerve  ;«»"•,,  its  sympatlietiti  root;  rl, 
iU  long  root  from  V,  ophthalmonankl  branch  of  oph- 
thalinio  diviaioa  of  tlltb  nerve;  •,«,  eliort  ciliacy 
nervee;   Le,  louc  ciliary  nerves. 
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cord  to  temunate  in  the  lower  cervical  r^ion.  From  this  point 
the  path  is  continued  by  spinal  neurons  which  leave  the  cord  in  the 
eighth  cervical  and  the  first  and  second  thoracic  spinal  nerves  and 
pass  by  way  of  the  corresponding  rami  communicantes  into  the 
sympathetic  chain  at  the  level  of  the  first  thoracic  ganglion.  From 
this  point  the  fibers  pass  upward  in  the  cervical  sympathetic  with- 
out terminating  until  they  reach  the  superior  cervical  ganglion  near 
the  base  of  the  skull.  From  this  gangUon  the  path  is  continued 
by  sympathetic  (postganglionic)  fibers  which  pass  to  the  Gasserian 
ganglion  "and  unite  with  its  ophthalmic  branch.  Subsequently 
they  leave  the  ophthalmic  nerve  in  the  long  ciliary  branches.  These 
fibers  under  normal  conditions  are  in  constant  (tonic)  activity,  so 
that  if  the  path  is  interrupted  at  any  point — by  section  of  the  cervi- 

OMie'he/ve.     /  *" 
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Fig.  136. — Schema  nhowing  the  path  nf  the  preganglionic  and  poetcanclionie  fiben 
to  the  ciliary  muacle  and  to  the  sphincter  and  dilator  muscles  of  the  iris. — (llodifiad  fmiB 
SehulU.)    The  course  of  the  long  ciliary  nerves  is  represented  very  diasrammaticMUy. 

cal  sympathetic,  for  instance — the  pupil  is  seen  to  contract.  This 
■constant  activity  may  be  referred  directly  to  the  activity  of  the 
spinal  neurons  whose  cells  lie  in  the  spina)  cord  in  the  lower  cervical 
and  upjKT  thoracic  region.  The  cells  in  question  constitute  what 
is  sometimes  called  the  lower  oiliospinal  center  of  Budge. 

The  Accommodation  Reflex  and  the  Light  Reflex  of  the 
Sphincter  Muscle. — When  the  eye  is  accommodated  for  a  near 
object  by  the  contraction  of  the  ciliarj'  muscle  there  is  always  a 
simultaneous  contraction  of  the  sphincter  pupillse  whereby  the 
pupil  is  narrowed.  The  act  is  one  of  obvious  value  in  vision,  einoe 
by  diaphragniing  down  the  lens  the  focus  is  improved  and  more 
exact  vision,  such  as  is  needed  in  close  work,  is  obtained.  The  aet 
i.s  usually  spoken  of  us  the  accommodation  reflex,  but  in  reality  it 
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K  nther  what  is  known  as  an  associated  movement.  The  voluntarj' 
rfort  tOAUgurated  in  the  brain  affects  the  cranial  centers  for  both 
BHHCltt,  and  under  normal  conditions  they  always  act  together, — 
t  firt  which  implies  a  close  connection  of  their  centers.  An  example 
ofssiiiiilar  associated  action  iis  iiecn  in  the  effect  of  the  re.spiratorv' 
novements  on  the  rate  of  heart  beat,  the  inj<i>iratory  di.scharge 
ttm  the  respiratory  center  being  accompanietl  l)y  an  associated 
(Sect  upon  the  cardio-inhibitor\'  center  whereby  the  heart  rate 
ii  quickened.  In  the  particular  case  that  we  are  dealing  with 
tinr  muscular  acts,  in  fact,  are  usually  associateti,  for  every-  act 
d  accommodation  under  normal  circumstances  is  accompanied 
j  not  only  by  a  constriction  of  the  pupil,  but  also  by  a  convergence 
fl(  the  eyeballs,  due  to  a  contraction  of  the  internal  rectus  muscle 
Id  aich  eye. 

The  light  reflex  is  observed  when  light  is  thrown  into  the  eye. 
h  i<  well  known,  the  pupil  dilates  in  darkness  or  dim  lights  and 
Bonimcts  to  a  pin-point  upon  strong  illumination  of  the  retina. 
The  value  of  this  reflex  is  also  obvious.     In  the  itim  light  the  total 
jjlumination  and  therefore  the  visiial  power  of  the  retina  is  aided 
bjan  enlarged  pupil,  but  in  strong  lights  the  iUumination  may  be 
iiimini<>il»ed  with   advantage  by  tliaphragming,  since  the  optical 
inaic  on  the  retina  h*  thereby  improved  on  account  of  the  diminu- 
tion in  spherical  aberration.     The  reflex  arc  involved  in  this  act  is 
known  in  part.    The  afferent  path  is  along  the  optic  nerve;   the 
rflercnt  path  back  to  the  sptuneter   is    through  the  third  nerve 
ind  ciliary  ganglion ;  injurv  to  either  of  these  paths  dimirdshes  or 
datroys  the  reflex.    The  ref!ex  is  also  lost  in  some  cases  in  which 
Ofither  of  these  paths  seems  to  be  involved.     In  tabes  dorsaUs 
(locomotor  ataxia)  and  general  pare.sis,    for  instance,  the   pupil 
of  the  eye  is  constricted  and  does  not  give  the  light  reflex,  but 
<ffl  aiiaws  the  accommodation  reflex.     Such  a  condition  is  known 
•  the ,.A£gvll_^obertson   pupil.      Some   question   exists,   there- 
fore, as  to  the  nature  of  the^onnections  in  the  brain  l>etween  the 
tSereot  impulses  and  the  motor  center  in  the  nucleus  of  the  third 
aervB.    According  to  some  authors  (Gudden,  v.  Bechterew),  the 
ifferent  light  reflex  fibers  are  a  set  of  fibers  distinct  from  the  visual 
fiws  proper.     They  ari.se  in  the  retina  and  pass  backward  in  the 
Optic  ner\'e,  but  leave  the  optic  tracts  at  the  chia-^ma  to  enter  the 
nils  of  the  third  ventricle  and  thus  rrach  the  nucleus  of  the  third 
serve.    This  view,  however,  finds  no  support  in  the  histological 
Ititructure  of  the  retina.     Under  normal  conditions  the  light  reflex 
h  bilateral, — that  is,  light  thrown  upon  one  retina  onh-  will  cause 
eonstriction  of  the  pupil  in  both  eyes.    In  those  of  the  lower  ani- 
mals whose  optic  nerves  cross  completely  in  the  chiasma  the  light 
nOex,  on  the  contrary,  is  unilateral,  affecting  only  the  eye  that 
21 
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is  stimulated.*  We  may  conclude,  therefore,  that  the  bilateraliiy 
of  the  reflex  in  the  higher  animals  is  cjeijendent  ujxm  tl^  partial 
decussation  of  the  optic  fibers  in  the  chiasma,  a  sensorv-  stimulus 
upon  one  retina  giving  rise  to  impulses  whieh  are  conveyed  toihe 
two  .sides  of  the  brain.  It  is  possible,  however,  that  in  addition 
conimis.sural  connections  may  exist  between  the  central  comiections, 
— the  motor  centers  in  the  midbrain.  It  is  usually  stated  that 
the  effect  of  the  light  ujwn  the  sphincter  muscle  is  greatest  when 
the  retina  is  stimulated  at  or  near  the  foveji  and  that  it  varies 
directly  with  the  intonsiu-  of  the  light  and  the  area  iUuminated.t 
The  Action  of  Drugs  upon  the  Iris. — The  comlition  of  con- 
striction of  tiic  pupil  Ls  fret[uenUy  designated  a.s  miosLs  (mi-o'-sis) 
and  the  condition  of  dilatation  as  mydriasis  (myd-ri'-as-is).  Many 
drugs  are  known  which,  when  applied  directly  to  the  absorptive 
surfaces  of  the  eye  or  when  injected  into  the  circulation,  affect 
the  muscles  of  the  iris  an<l  therefore  vary-  the  size  of  the  pupil. 
Those  drugs  that  cause  mio.sLs  are  spoken  of  as  miotics,  and  those 
that  produce  mydriasis  a.s  mydriatics.  Atropin,  the  active  prin- 
ciple of  belladonna,  bomatropin,  and  cocain  are  well-known  myd- 
riatics, while  physostignun  (eserin)  and  muscarin  or  pilocarpin  are 
examples  of  the  miotics.  There  has  l>een  much  question  as  to  the 
precise  action  of  these  drugs.  For  an  adequate  discussion  of  this 
question  the  student  is  referred  to  works  on  phantiacology;  but 
it  may  be  said  that  the  evidence  from  the  physiological  sidej  indi- 
cates that  atropin  causes  mydriasis  by  paralyzing  the  endings  of 
the  constrictor  nerve  fibers  in  the  sphincter  muscle,  while  phy- 
sostigmin  and  muscarin  cause  miosis  by  stinuilation  of  the  endings 
of  these  same  fibers.^  In  the  case  of  cocain  it  is  probable  that  the 
drug  first  stimulates  mainly  the  endings  of  the  dilator  fibers  in  the 
dilator  muscles,  and  in  stronger  doses  causes  adriitional  mydriasis 
by  paralyzing  the  constrictor  fibers.  The  stronger  mydriatics 
paralyze  not  only  the  sphincter  pupillfp,  but  al.'^o  the  similarly 
innervated  ciliar\'  muscle,  thus  (Instroying  the  power  of  accom- 
modation. When  atropin  is  applied  to  the  eye  the  indi\idual  is 
unable  to  use  his  eyes  for  near  work — reading,  for  example — imtil 
the  effect  of  the  flnig  has  worn  off.  In  ophthahnological  literature 
this  condition  of  paralysis  of  the  ciliarj'  muscle  is  spoken  of  as 
cycloplegia,  and  most  of  the  mydriatic  dnigs  are  also  cycloplegics. 
On  the  contrary',  the  stronger  miotics  stimulate  the  ciliary  muscle, 
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•Steinach,  "Archiv  f.  ij.  Ktwiminit*-  Physirtloftie,"  47,  ;ii:j,  1H!>(). 

t.S€e  AbelwJorPF  .-ind  r'Vilrtu'nfcll,  "Zeilsrhrift  f.  PnyrholoKifi  und  Phys- 
iologie  flea  Siunwornane,"  ;i4,  111.  19<M. 

tSrluiltz,  "Arrliiv  f.  PhysioloKie."  l!*ft«,  47. 

j  .'\t'C'onlinp  l-o  I^anRlcy,  "Journal  n{  Phynio]oK>', "  .'W,  2'J.'i,  1G09,  the  8tim- 
uUting  or  ptimlyzinj?  cnwt  of  such  drui^s  is  due  fo  an  action  not  on  (he  nerve 
tertninulg,  btit  on  a  special  rc-ceptive  sv^tance  in  the  muscle-tibera. 
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therefore  durinR  their  period  of  action  throw  the  eye  into  a 
>ndition  of  forcetl  accommoilatiou. 

In  the  above  description  of  tlie  innervation  of  tlip  iriH  and  the  causes  of 

lydriasis  nnd  miosis  the  simplfst  explanations  tifTfrwi  havi*  ht^eii  adopted. 

It  ^lioiilii  Vie  added,  howevt^r.  that  Home  faetn  wrr  kmiwn  which  indieiite  that 

lie  wmditioHi?.  are  more  eotiiph'X,  purticidnrly  in  rt»>;:«ril  hi  the  (hhitor  mcchjin- 

ai.    For  example,  adrenahn  apphed  to  thf?  eye  I'ait.ses  dilatation  of  the  pupil, 

It   with   varymK  decrees  rif  rapiility  for  tliffcrent  eyes,   the  least   rapidly 

>r  the  eye«  of  thoste  animals  whieh  are  moat  senxitive  to  light   (Sehultz), 

I'hen  the  superior  cervical  Ranglion  i»  n-moved.  on  the  contrarj',  the  dilating 

of  the  adrenalin  is  much  more  rapid.     (Meltzer  and  Aucr.) 

le  Balanced  Action  of  the  Sphincter  and  Dilator  Muscles 
of  the  Iris. — It  would  seem  that  under  normal  conditions  both  the 
jhincter  and  the  dilator  muscle  are  kept  more  or  less  in  tonic 
Mivity  by  impulses  received  through  their  respective  motor  fillers. 
By  Uius  balance  each  other,  to  speak  figuratively,  and  a  mechan- 
of  this  kind  in  whicli  two  opposing  actions  are  in  play  is  in  a 
Bondition  to  respond  promptly  and  smootfily  to  an  excess  of  stimu- 
ition  from  either  side.     The  two  muscles,  in  fact,  act  as  antago- 
lists  in  the  same  manner  as  the  flexor  and  extensor  muscles  around 
a  joint.    At  the  same  time  this  relation  adds  some  difficulties  to 
the  explanation  of  specific  reactions,  .since  it  is  evident  that  a  dila- 
I      tation  of  the  pupil  may  be  caused  either  by  a  contraction  of  the 
^Hdilator  muscle  or  a  loss  of  tone  (inliibition)  in  the  sphincter,  while 
^Rn  constriction  of  the  pupil  the  effect  may  result  either  from  a  con- 
^Bractionof  the  sphincter  or  an  inhibition  of  the  dilator;  or,  lastly, 
the  contraction  of  one  muscle  may  alwaj's  be  accompanied  by  an 
inhil)ition  of  its  antagoni.st,  as  is  supposed  to  be  the  ease  with  the 
flexor  and  extensor  muscles  of  the  limbs  flaw  of  reciprocal  in- 
leTvation).     Anderson*  haa  given  some  (evidence  to  show  that  the 
lilatation  of  the  pupil  in  cats  is  tlue  to  a  double  action  of  this 
)rt,  the  pupillodilutor  muscle  cnntracting  first  and  subsequently 
je  tone  of  the  con-strictors  suffering  an  inhibitiim.     Allerjitiuiis 
the  size  of  the  pupil  take  place  nut  only  under  the  etmditi<m3 
iribed   above — namely,   the   light   and    the   accommodation 
tflex  and  the  action  of  drugs — but  alst>  under  many  other  cir- 
tmstonces,  normal  and   pathological.     In  .sleep,  for  instance, 
eyes  roll  upward  antl  inward  and  the  jiupiis  are  con.stricted. 
[t  would  seem  probable  that  the  tniosis  in  thi.s  cjuse  is  due  to  a 
HDesaation  in  tonic  activity  on  the  part  of  the  dUatxir  tnuscle  rather 
than  to  an  active  contraction  of  the  sphincter  muscle,  the  state 
sleep  being  characterized  by  a  diminution  in  activity  in  the 
itral  nervous  system.     Emotiimal  states  also  affect  the  .size  of 
ie  pupil  anil  thus  aid  in  gix'ing  the  facial  expre.'^sians  character- 
lie  of  these  conditions.     Writers  speak  of  the  eyes  dilating  with 
Brror  or  darkening  with  euiotiQn.s  of  deep  pleii-sure.     This  pupil- 
•  "Journal  of  Physiology,"  30,  15,  1903. 
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lary  accompanimeut  of  the  emotional  states  may  occur  even  wha 
it  is  a  matter  of  memory  rather  than  immediate  experience.  Th| 
explanation  of  this  mydriasis  can  hardJy  be  obtained  by  experi^ 
ment,  but  reasoning  frtun  amdogy  we  know  that  strong  euiotionat 
states  are  usually  acconipanied  by  more  or  less  distinct  inhibitoiy 
effects  on  motor  centers,  and  perhaps  in  this  case  the  reaction  iij 
most  satisfactorily  explained  by  attributing  it  to  an  inhibition  ti] 
the  constrictor  center  in  the  midbrain.  ' 

Intraocular  Pressure. — The  jiquid-s  in  the  interior  of  tl* 
eye  ure  normally  under  a  pressure,  the  average  value  of  whic! 
may  be  e.stimated  at  25  mms.  of  mercury.  In  consequence 
this  internal  pressure  tlie  eyeball  Is  tense  and  its  external  surfacej 
including  the  cornea,  shows  a  regular  curvature.  It  is  ob\ioul 
that  folds  or  creases  in  the  cornea  would  entireh-  dei^troy  its  use' 
fulness,  so  far  as  the  formation  of  an  image  is  concerned.  Th^j 
amount  of  the  intraocular  pressure  maj'  be  measured  by  lhru8tin| 
a  tubular  needle,  properly  connected  with  a  manometer,  into  thi 
anterior  chamber  of  the  eye.  The  liquid  in  Ihe  interior  of  thi 
eyeball  muy  be  considered  as  tissue  lymph,  and  like  the  lyniplj 
elsewhere  it  is  derived  from  the  blood-plasma.  Investigatio^l 
has  shown  that  the  lymph  is  formed  in  the  ciliuiy  processes,  bd| 
in  this  as  in  other  ciuses  there  is  a  iliffcrence  of  opinion  as  to  whethd 
the  production  is  due  to  so-caUeti  secreloiy  or  to  mechanical 
causes,  such  as  filtration.  The  facts  that  are  known  seem  t^ 
be  explicable  from  the  mechanical  point  of  view.*  We  ma| 
suppose  that  the  liquid  filters  into  the  eye  through  the  vesseh 
in  the  ciliary  processes,  and,  on  tlie  other  hand,  drains  off  at  thi 
angle  of  the  anterior  chamber  through  the  canal  of  Schlemm, 
The  intraocular  pressure  rises  until,  under  its  influence,  the  out« 
flow  just  balances  the  inflow.  It  is  evident  from  this  point  aH 
view  that  intraocular  jiressure  witl  l:)e  increa.sed  l\v  any  change 
that  will  augment  the  production  of  the  liquid  at  the  ciliarjf 
pro<'e.s.ses,  such  as  a  rise  of  blood -pressure,  or  by  any  interferenci 
with  the  outflow.,  such  a.s  might  arise  from  a  blocking  of  the  canal 
of  Schlemm.  Certain  pathological  conditions  (glaucoma)  ait 
characterized  by  an  abnormally  high  intraocular  tension,  the 
difference  from  the  normal  Ijeing  such  that  it  is  easily  recognized! 
by  pressure  with  the  fingers. 

Methods  of  Determiaing  the  Refraction  of  the  Eye. — The   condition 

of  the  py(!  an  reparils  its  refraction  may  be  dctcrmine^l  by  the  use  ol 
miitable  charts  and  a  series  of  spherical  niut  rylindriral  lenses.  Tiie  resultl 
by  such  a  nielhod  fie[iend  largely  upon  the  .statements  of  the  patient,  that 
is  to  Bay,  they  are  largely  subjective.  A  number  of  instruments  have  been 
devised,  however,  by  mean*  of  wtiich  the  refraction  of  the  eye  may  be  studied 

•  For  discussion  and  Uterature,  see  Henderson  and  Starling,    *  Proceed* 
tugs  Royal  Society."   1906,   H.  Ixxvii. 
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purdy  objective  way,  so  far  as  the  patient  is  concerned.  The  most 
Dpoftant  of  iheac  inHtmmenta  are  the  ophthalmnacopc,  the  rotinoscope  or 
x>pe,  and  the  o|)hthahnoineter.  A  brief  deseriplion  in  given  of  each  of 
instrument's,  but  fur  the  numenjua  practical  details  necessary  to  their 
jcccsBfid  use  reference  must  he  niadt"  to  simeial  manuals. 

The  Ophthalmoscope. — The  liRht  that  falls  in(o  the  eye  ia  partly  absorbed 
by  the  black  pi^^ment  of  the  choroid  coat,  and  is  partly  reflected  back  to  the 
■^rterior.  This  latter  portion  is  reflected  bark  in  the  (Jircction  in  which  it 
itered.  Merely  holding  a  light  near  the  eye  does  not,  therefore,  enable  ua  to 
;  the  interior  more  clearly,  since  in  onler  to  catch 
!  returning  rays  in  our  own  eye  it  would  be  neccs- 
to  intcrpoae  the  head  between  the  source  of 
il  and  the  observed  eye.  If,  however,  we  could 
je  the  light  to  enter  the  observed  eye  as 
it  proceedid  from  our  own  eye,  then  the 
rays  would  be  jxTceived,  and  with  suf- 
ficteni  iHumuiation  the  bottom  or  fundus  of  the 
observed  eye  might  be  seen,  .Arguing  in  this  way 
Hdmholti  constructed  his  first  form  of  the  oph- 
thalmoscope in  1851.  The  value  of  the  ophtiial- 
noBOope  IS  twofold:  It  cnablea  the  observer  to 
emmine  the  interior  of  the  eye  and  thus  recognize 
diaeand  conditions  of  the  retina;  it  is  also  useful 
in  detecting  abnormahtieii  in  the  refrawitive  sur- 
faoes  of  the  eye.  The  principle  of  the  instrument 
is  well  represented  in  the  original  form  devised  by 
Helmholta,  as  shown  schematically  in  Fig.  138,  A. 
I  represents  the  observed  eye  and  //  the  eye  of  the 
observer.  Between  the  two  eyes  is  plactfl  a  piece 
of  gla^a  inclined  at  an  angle.  I.,ight  from  the  cttn- 
dle  falling  upon  this  glass  is  in  part  reflect  »1  from 
the  surface  to  enter  eye  /,  and  these  rays  on 
emerging  from  the  eye  along  the  same  line  pass 
throu^  the  glass  in  part  and  enter  eye  //.  In 
plaee  of  the  plane  imsilverfxl  glaMS  it  is  now  rus- 
^tomary  to  use  a  concave  mirror  with  a  .Hmall  hole 
ijugh  the  center,  the  observer's  eye  being  placed 
rcc'tly  liehind  this  hnlc.  Such  an  instrument  is 
in  Fig.  137.  The  instrument  is  used  in  two 
,  >,  known  as  the  direct  and  th<' indirect  method. 
the  direct  method  the  mirror  is  held  very  close 
the  obs«>rved  eye,  and  the  paths  of  the  rays  of 
"it  into  and  out  of  the  eye  are  reprcsentiHl 
*tjcally  in  Fig.  i;i8,  B.  The  light  from  a 
ip  or  from  an  electrical  bulb  placc<l  within  the 
handle  of  the  ophthalmoscope  (Fig.  137)  in  caught 
upon  the  mirror  and  is  thrown  into  the  eye,  the 
rays  coming  to  a  focus  and  then  aprcafling  out  so 
aa  to  give  a  diETuse  illumination  of  the  fundus. 
utter  surface  may  now  he  considenHl  (is 
inoua  object  sending  out  rays  of  light, 
any  three  objects  on  the  retuia,  A,  li,  C,  it  is  apparent  that  if  eye 
an  emmetropic  eye,  these  point«  are  at  the  principal  focal  distance. 
the  rrnvB  sent  from  each  after  emerging  from  the  eye  are  in  parallel 
Thcae  rays  penetrate  the  hole  in  the  mirror  and  fall  into  the  ob- 
r's  eye  as  though  they  cAme  from  distant  objects.  If  the  observer's  eye 
emmetropic,  or  is  made  so  by  suitable  glasses,  these  bundles  of  rays 
focused  on  his  n'tina  without  .an  act  of  accommodation.  He  must,  m 
in  looking  through  the  mirr<ir.  Raze,  not  at  the  eye  before  him,  but,  re- 
faudOK  his  accommodation,  gaze  through  the  eye,  jis  it  wer»',  into  the  distiincc. 
Id  this  aray  he  will  sec  the  portion  :)f  the  retina  illuminated,  the  image  of  the 


Fig.  137. — Di:  ZoiiK  flwirio 
ophthulmoacDpi:.  Tlie  r  lee  trio 
liirht  u  rontAiaed  in  itio  hanttle 
of  tlie  iastrumeDl  aad  it«  ligtit 
is  concent rnled  on  the  mirror 
by  n  lens  »enn  at  the  top  of  tho 
handle.  Back  of  tlic<  mirror 
u  n  rotratinjc  disc  with  pliu 
and  minus  lomiea  of  diCTereot 
powers. 
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objects  Been  being  inverted  on  his  own  retina  and  therefore  projected  or' 
erect.  If  the  observed  eye  is  myopic  its  retina  m  farther  back  than  the  pnn-' 
cipal  focus  of  it-s  refracting  surfaces;  consequently  the  rays  sent  out  from  th» 
ilJuminatod  retina  emerge  in  converging  buntileii  iind  cannot  Ix*  focused  m 
the  retina  of  the  obeerver's  eye.  liy  in.terting  a  concave  lens  of  projxT  poirrti 
between  liis  eye  ami  the  mirror  the  observer  can  render  the  rays  parallel  and 
thus  bring  nut  the  image.  From  the  power  of  tiie  lens  used  the  degree  of  my: 
opia  may  be  estimat<?d.  Just  tlie  reverse  hapticns  if  the  observed  eye  h 
hypermetropic.     In  such  an  eye  the  retina  is  nearer  tlrnn  the  principal  foc» 


i 
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PiK.  138. — DinKmiivR  to  npf«seot  the  priaciple  of  the  ophthalmoscope:  A,  Thp  nri| 
inaJ  form  oS  ophLliiLlmascope,  coDBiMtiiiK  of  a  piece  of  s\M»a,  Si.  inclined  kt  a  suitable  HfiKH 
Tlie  rays  from  llie  xource  \>t  iiglit  are  reaecied  inlo  the  obmrved  eye,  /,  and  theiu'*!  retun 
aloug  the  i^acne  lines  nasKiDK  throuKhi  M  to  reach  the  obscn'er'*  eye,  II .  H.  the  dirra 
method  with  the  ophtliulciioHccipIc  luirror.  The  reyfior  Ught  ilJuminate  the  funduji  of  vo 
ob.terved  eye,  /,  uud  ttieiiCB  pass  out  iq  parallel  rays,  if  the  eye  is  emmetropic,  to  reach  tli 
observer  a  py«,  //.  C,  the  indirect  method  with  QphthalmcMcopic  mirror  and  iiit«rralat«i 
lens.  The  rays  of  lifht-red  lines  are  brought  lu  n  tocua  witliin  the  anterior  chamber  o(  th 
•ye  and  thence  diverice  to  ^ve  a  general  illuiiijnation  of  the  interior  uf  the  eyeball.  Til 
returning  ray.i  ot  li((kt  are  indicated  for  a  .■ijiigk>  point,  b.  At  a'.6',  c'.a  real  inverted imaa 
of  a  portion  of  ttir  retina  is  formed  in  ttie  air,  which  in  turn  is  focused  on  the  retina  of  tn 
observer's  eye, 

distance  of  the  n>fr.ir1ive  surface:  cons(*quentlv  the  light  emitted  from  tiu 
retina  emerges  tn  himdles  of  diverging  ravs  which  rjinnnt  be  brought  to  ( 
focus  on  thp  retina  of  the  ob.scrver  un1e.'»s  !ic  exerts  his  own  power  of  accom 
mtxtation  or  interpiis<\'i  a  convex  lent*  between  his  eye  ami  the  mirror. 

The  i/ir/iVrri  mc(/io<f  of  using  the  ophtlialnioseojM*  is  represented  in  Fii| 
138,  C  The  mirror  is  hi'id  at  some  distance,  at  arm's  teriglh,  frtim  the  on 
Ber\'e<I  eye.  /.  while  just  liefore  this  eye  a  biconvex  Jens  of  short  focus  i 
placed.  As  shown  in  the  diagnim  by  the  red  lines,  the  reflected  light  fron 
the  mirror  come.s  to  a  fr>cufl  and  then  diverging  falls  upon  the  biconvex  lena 
Thia  lens  brings  the  rays  to  a  focus  at  or  near  the  eye,  whence  they  agail 
diverge  and  light  up  the  retina  with  a  dilTuse  illumination.     The  Ught  fron 
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is  in  turn  sent  back  toward  tlie  mirror,  its  palli  being  indicated  for 
tlie  point  b  by  the  black  linos.  If  tli«  eyv  is  wrmiictropic  llw.  rays  from  this 
point  enierge  parallH.  and  falling  upmn  thf  bicon\f\  lens  are  brought  to  u 
fcKJUs  at  h'.  Similarly  the  rays  from  it  will  be  brtmght  t<:i  a  fncus  at  a'  and 
from  c  at  c'.  Conseqiifntiy  there  will  be  foriiied  in  the  air  un  inverted  image, 
and  it  is  at  tliis  image  that  the  eye  of  the  observer  gazes  through  the  hole  in 
the  mirror.  Tliis  image  forms  it«  image  on  the  retina  of  the  observer's  eye. 
ftA  represented  in  the  diagram  at  a",  b" ,  c".  and  i.n  projected  otitwanl  or  seen 
inverted  as  regards  the  original  position  of  the  ixiint*  in  the  retina  of  eye  /. 
The  indirect  method  is  the  one  usually  employed  in  ophthalmoscopic  exam- 
inations of  the  retina.  It  gives  a  larger  field  than  the  ilirecl  method,  although 
the  objects  seen  are  of  snuuler  .si/.e. 

The  Retinoscope   or   Skiascope.  —When   one   reflects   a  spot  of   liglit 

upon  a  wall,  any  movement  of  the  reflecting  ipluue;  mirror  is  followed  by  a 

movement  of  the  reflected  spot  in  the  same  direction.     So  if  the  fundus  of  the 

eye  is  illuminated  by  a  plane  mirror  provided  witli  a  t>ee[)-hole,  the  observer 

looking  through  this  hole  may  see  a  spot  of  light  retkcted  from  the  retina 

and   can  determine  whetiier  the  spot  moves  in  the  same  direction  jis  the 

mirror  or  against  it.     If  the  eye  under  obHer\'ation  is  normal  (emmetropic), 

then  the  rays  of  light  starting  from  the  retina  will  emerge  in  parallel  bundles, 

since  the  retina  lies  at  the  priacipjvl  focal  distance,  ami  as  the  mirror  is  tilted 

from  side  to  side  the  iliurnhiated  spot  moves  in  the  same  direction.     By  placing 

»  convex  lens  of  suitable  focus  in  front  of  the  observed  eye  we  can  cause  the 

rtnerging  parnlle!  rays  to  come  to  a  focus  and  cross  Iwfore  reaching  the  ob- 

aervcTseyc.    In  such  a  caw  the  movements  of  the  spot  of  light  upon  the  retina 

will  be  against  tfiose  of  the  mirror.      For  example,  let   us  suppose  that  the 

observing  eye  is  placed  just  1  meter  away  from  the  eye  obser\'ed.  then  if 

we  put  in  front  of  the  latter  a  convex  len.H  o?  I.2.J  1).  tl)e  emerging  rays  will  l>e 

focused  at  a  point  25  ctm.  in  front  of   the  observer's  eye  and  the  movements 

of  the  spot  of  light  will  be  against  the  mirror.     .\  lens  of  less  than  1  1>.  placed 

in  front  of  the  ob.served  eye  would  not  bring  tlie  rays  to  a  fwus  in  front  of 

the  observer's  retina,  consequently  the  movements  of  the  spot  would  be  with 

the  rairn.»r.     Assuming  that  we  are  dealin-;  with  an  emmet ropir  eye,  it  can 

be  shown  that  at  the  distance  mentioned   (I    meters  any  lens  of  less  than 

1    D.  placed  in   front  of   the   eye   leaves   the    movements    with    the  mirror, 

while  any  lens  of  more  than    1    D.  give-s   movements    sigain.st   the  mirror. 

Consequently  a  lens  of  ju.st   I    D.  would   mark  the  exact  "point   of  rever- 

■d. "     With  a  lens  of  tliis  power  the  focus  wouUl  fall  IheoreticaUy  ju.st  on  the 

observer's  retina.     In  such  a  caw  any  movement  of  the  mirror  would  be 

followed  by  the  appearance  or  di.'^appearance  of  the  sixM.  but  no  direction  of 

movement  would  be  perceived.     The  movements  of  tlie  spot  of  light  formed 

rup'tn  the  retina  by  the  retinoscunic  mirror  may  be  used  to  <letermine  all  the 

I  various  abnormalities  of  refraction   of  the  eye  according  to  the  following 

l^neral  schema  :  The  observer  sits  at  a  fixed   distance,  say   I   meter,  from 

[the  patii'nt,  and  determines  whether  the  reflertod  s|M:it  from  the  illuminateil 

ifuii'i'is  moves  w\i\\  or  against  the  mirror.      If  the  movement  is  with  the  mirror, 

llien  the  eye  imder  oh.ser\aii(in  i.s  either  norm;il  or  hyperopic  (or  if  myopic 

Uic  myopia  is  less  than  1  L>.).      liy  placing  nmvex  lenses  in  front  of  the  eye 

lUu*  ODser\'cr  aeek-s  for  the  point  of  reversal,     if  this  point  is  given  by  a  lens 

[of  +  1  D.,  then  the  eye  under  examination  is  emmetropic  ;  if  a  stronger  lens 

)U  refjuircd  the  eye  is  hyperopic,  tliat  is,  the  emerging  rays  are  divergent  and 

'rvquire  a  stronger  lens  to  bring  them  to  a  focus  before  reaching  the  observer  s 

eve.      In  the  latter  case  the  amount  of  hyperopia  is  obtained  by  a-scertaining 

the  strength  in  diopters  of  the  lens  required  to  just  reverse  the  movement 

■  and  subtractina;  1  D.  fn)m  it,  since  the  latter  amount  is  retpiired.  at  a  distance 

;  of   1  rneter,  to  get   reversjil  with   the  normal  eye.      If  the  reversal  is  given  by 

convex  lens  of  less  than  1  D,.  then  the  eye  is  myopic  to  an  extent  less  than 

I   D.     When  the  movements  of  the  spot  of  liglit  are  against   the   mirror 

IfrDm  the  beginning,  then  the  observer  is  dealing  with  a  myopic  eye  (the  myopia 

»t«r  than  1   D.).     To  reverse  the  movement  it  is  now  necessar}*  to 

»ve  lenses  in  front  of  the  observed  eye  until  the  point  of  reversal 

'h  bbialned,  that  is,  until  the  focus  of  the  emerging  rays  falls  behind  the 
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reUna  of  the  obeerver.  The  concave  lens  Deceseary  to  give  this  restilt,  i^us  1 D. 
for  distance,  gives  the  extent  of  the  myopia  in  diopters.  With  astigmatic 
eyes  the  point  of  reversal  may  be  determined  for  the  different  meridians 
of  the  eye,  the  movements  of  the  mirror  being  in  the  same  meridian.  By 
the  character  of  the  reflected  spot  and  the  pomts  of  reversal  it  is  possible 
with  the  retinoscope  to  determine  the  principal  meridians,  and  the  difference 
in  refraction  between  them,  that  is,  the  d^ree  and  the  axis  of  the  astigmatism. 
The  Ophthalmometer. — The  ophthalmometer  is  an  instrument  for 
measuring  the  curvature  of  the  refracting  surfaces  of  the  eye.  As  actually 
applied  in  practise  it  is  arranged  especully  for  measuring  the  curvatures 
of  the  cornea  along  its  different  mericuans.  The  point  for  which  the  instru- 
ment is  designed  is  to  obtain  the  size  of  the  image  reflected  from  the  convex 
surface  of  the  cornea.  Any  luminous  object  plac^  in  front  of  the  eye  will  give 
a  reflected  image  from  the  romea  as  from  the  surface  of  a  convex  mirror. 
If  the  size  of  the  object  and  its  distance  from  the  cornea  are  known  and  the 
size  of  the  corneal  image  is  determined,  then  the  radius  of  curvature  of  the 

cornea  is  given  by  the  equation  r  =     ^^^j  in  which  p  represents  the  distance  of 

o 


Fix.  I39l — Schem*  to  indicate  the  mnerel  principle  of  the  ophthalmometer:  T, 
TelvKope  to  oboerve  the  rrfltK-ted  imaxea  fmm  the  cornea ;  A  and  B,  the  taiseta  or  miieo 
in  the  iihield  at  a  known  tliKtani'e  apart  whove  iniasFK  an*  retlectcd  from  the  romea ;  a 
and  b,  the  rvflertrtl  itiiaK««  uf  A  and  B  un  the  cornea.      The  diiitance  a-b  haa  to  be  determined. 

the  obj(x>t  frum  tho  cumoa.  i,  the  sizo  of  thr  corneal  image,  and  o.  the  size 
of  the  «)bjwt.  For  exainplo.  Ii>t  A  and  li  in  Fig.  139  be  two  luminous  areas 
arrange^l  on  the  arc  of  a  circle.  If  piaotnl  in  front  of  the  cornea  C  each 
will  give  a  n'ttoot<Hl  imaf^  a  and  b,  wliicli  may  be  obser\-cd  by  means  of 
tho  toh'scoix'  T.  Tho  di.ntanro  lx*twooii  A  and  B  represents  the  size  of 
tho  objoot  ami  tlio  tlistanoo  Ix-twoon  >j  aiul  t>  tho  sizo  of  the  imaee.  This 
latter  iaott>r  is  doloniiinoil  by  moans  uf  tlio  telescope.  A  scale,  for  in- 
Blanoo.  nucht  Im-  plaood  in  tho  oyo-pioce  i>f  tho  telescope  and  the  distance 
ci  /  JM^  dotorniinod  in  torms  of  its  graduation.  This  valuation  mieht  then  be 
convtTt*-!  into  milliniotors  by  substitutini;  a  .<cale  for  tho  cornea  ana  measuring 
t>fT  ii{M)n  it  tho  i>bM'rvotl  jlistaiuv  in  tlio  ovo-{)iece  wale.  If  the  arc  carrying 
AH  is  arraneovl  .-^^  tliat  it  may  In-  n>tattH\  it  is  obvious  that  the  size  of  the 
ptTtioal  iin  ii;o!«  may  bo  moastintl  for  tho  diffon-nt  meridians  and  thus  enable 
ono  to  i-iniiparo  thoir  ourvatiiros.  In  mo. lorn  instruments,  such  as  is  repre- 
sent»-.  I  in  li:r  IM),  t  ho  luminous  an«a<.  known  :i.«  targets  or  mires,  are  placed  ma 
••I'Siorioal  sliu-M  whioh  may  bo  rotat«>,l  Mroiinl  tho  axis  of  the  teh'scopc.  The 
sliii-l.l  hs*  a  nnliM<  of  nirvaturo  oi  0.:{.'»  tiiftor<  and  its  center  of  rotation  is 
approxiiuatoly  ooincidouf  with  th.it  of  tho  oornoa  when  the  eye  is  in  its 
pntj^-r  ptksition.     Tho  n<flt>i-tovi  iiuagos  of  the  iitires  from  the  surface  of  tlw 
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jmea  arc  each  doubled,  wLen  viewed  through  tlie  telescope,  by  means  of 

double   vision  prism  of   Iceland  spar  and  the  dispiaeenu-nt   produced  in 

"*"  way  ifl  a  definite  amount  for  the  distance  chosen.     Four  images  of  the 

B  are  thus  seen,  and  when  the  mires  are  properly  adjusted  for  a  cornea  of 

ivera^  curvature  the  two  inner  imagea  are  in  contact  with  each  other. 

"   ranation  from  this  average  is  indicated  by  an  overlapping  of  the  images, 


> 


i 


Fig.  140. — Ophthalinom«t«t  (Hardy). 

'^tfie  value  of  which  in  diopters  or  in  radii  of  curvature  is  read  off  upon  the 
instrument.  The  instrument,  therefore,  when  once  calibrated  enables  one 
to  read  ofl  at  once  the  radii  of  curvature  for  the  different  meridians  and  thus 
determine  the  axis  and  degree  of  astigmatism.  It  should  be  added  that 
the  instrument  gives  only  the  curvatures  and  degree  of  astigmatism,  if  any 

■~»istB,  of  the  cornea,  and  is  therefore  of  no  immediate  service  in  determining 
be  total  aatigmatismr  that  is,  the  astigmatism  of  cornea  and  lens  acting 
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CHAPTER  XVm. 

THE  PROPERTIES  OF  THE  RETINA— VISUAL  STIHUL 
AKD  VISUAL  SENSATIONS.  dfl 

The  Portion  of  the  Retina  Stimulated  by  Light. — ^The  normfl 
Stiinuhis  to  the  si^nsory  cells  in  the  ix-tina  i.s  fotmd  in  the  vibmlion 
of  the  ether,  the  waves  of  light.  When  sunlight  is  passed  through  t 
prism  the  waves  of  different  lengths  are  disi>ersed,  and  those  e^pabl 
of  stimulating  the  retina  form  the  visible  spectrum  extending  fron 
red  to  xiolct.  The  limits  of  the  spectrum  are,  on  the  one  hand,  th* 
extreme  red  rays  with  a  wave  lengtli  of  tttMWjt  min.  and  vibratinj 
at  the  rate  of  about  .•?1MJ.0<H),(KK) ,000.000  a  second,  and,  on  the  other 
the  extrcnie  violet,  having  a  wave  length  of  about  -nrfiytnnr  "^™-  ^^^ 
a  rate  of  vibration  of  770,000.000.000,000  a  .second.  The  part  o 
the  retina  stimulated  by  the.se  vibrati(m.s  is  sup[>osedtobethelaye 
of  rods  and  cones.    To  reach  these  structures  the  light  must  paa 


Fig.  141. — To  dcmottstrote  the  blind  spot.  Fix  the  center  of  the  croas  ^rith  the  rigli 
«ve,  then  rucivc  the  buuk  sluwtv  tu  or  fnim  the  fare.  At  a  ccrt&iii  liLitiuico  ihe  itiiBgc  C 
the  larj:o  circle  to  iho  right  will  disappear.  At  lUi^i  diftaQCO  the  imajio  of  the  ctrds  fmll 
on  the  optic  ili-to.  ^^h 

through  the  other  layers  of  the  retina.  That  the  rod.s  and  eones  ar 
the  structures  that  react  to  the  light  stimulation  is  indicat<^d  b; 
their  structure  and  their  connections  and  by  such  facts  as  the  follow 
ing:  Under  certain  conditions,  which  are  dracritjed  below,  th 
shadows  of  the  retinal  ve-s-sels  and  the  contained  corpuscles  may  b 
seen,  a  fact  which  indicates  that  the  perceiving  structures  lie  e?( 
temally  to  these  vessels.  In  the  fovea  centralis,  in  which  vision  i 
most  perfect,  the  layers  of  the  retina  are  thinned  out  until  practical]; 
only  the  rods  and  cones  retnain  to  be  acted  upon.  That  the  opti 
nerve  fillers  ttiem.selves  are  not  ncted  uiKin  by  light  waves  is  prove< 
by  the  existence  of  the  blind  sjmt.  The  termination  of  the  opti 
nerve  within  the  eyeball,  the  optic  disc,  lies  about  15  degrees  to  th 
nasal  side  of  the  fovea  and  has  a  diameter  of  alx»ut  1.5  mms.  Fron 
this  point  the  nerve- fibers  spread  out  over  the  rest  of  the  optic  cu] 
to  form  the  internal  layer  of  the  retina.   But  the  optic  disc  itself  ha 
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inal  stnicturc,  and  light  that  falls  upon  it  is  not  perceived. 
The  presence  of  this  blind  .spot  in  our  visual  field  is  easily  demon- 
strated bj'  the  experiment  illustrated  and  described  in  Fig.  141. 
In  the  visual  field  for  each  eye,  therefore,  there  Ls  a  gap  rppresenting 
I  the  projection  of  the  area  of  the  optic  disc  to  the  exterior,  the  size 
of  the  gap  increasing  with  the  distance  from  the  eye.     We  do  not 
notice  this  deficiency,  inasmuch  as  it  exists  in  our  indirect  field  of 
vision  (see  below),  in  which  our  perception  of  form  Ls  poorly  de- 
[  veloped ;  so  that  any  disturbance  in  outline  that  might  result  in  the 
retinal  image  of  external  objeetii  is  unperceived.     Morever,  the 
portion  of  the  external  world  that  falls  on  the  blind  spot  of  one  eye 
falls  on  the  retinal  fiekl  of  the  other,  and  is  thus  perceived  in  binoc- 
lular  \Tsion.     It  is  to  be  borne  in  mind,  also,  that  the  projection  of 
the  blind  spot  docs  not  apiirar  in.  the  visual  field  as  a  dark  area;  it 
is  simply  an  absent  area,  so  that  no  gap  exists  in  our  consciousness  of 
the  spatial  relations  of  the  visual  field;  the  margins,  so  to  speak,  of 
the  hole  come  into  contact  so  far  as  our  consciousness  Ls  concerned. 
1        The  Action  Current  Caused  by  Stimulation  of  the  Retina.^ 
The  effect  of  light  waves  falling  upon  the  retina  is  to  set  up  a  series 
of  nerve  impidses  in  the  optic  nerve  fibers.     It  is  interesting  to 
jfind  that  these  impulses  aroused  in  a  sensor)'  nerve  by  a  normal 
[«timulus  are  attended  by  electrical  changes  similar  to  those  observed 
I  in  motor  fibers  when  stimulated  normally  or  artificially.    The  fact 
etrengthens  the  view  that  the  electrical  change  is  an  invariable  ac- 
Lcompaniment  of  the  nerve  impulse,  if  not  the  nerve  impulse  itself. 
[if  the  eye  is  excised  and  connected  vdth  a  galvanometer  or  capillary 
[electrometer  by  two  non-poLirizable  electrodes,  one  placed  ujwn  the 
'  cut  end  of  the  optic  ner\'e  and  the  other  on  the  cornea,  the  usual 
tiemarcAtion  ciiment  is  obtained  due  to  the  injuiy  to  the  optic  nerve. 
If  the  preparation  is  kept  in  the  dark  and  arrangements  are  made 
to  throw  a  light  through  the  pupil  upon  the  retina  the  galvanometer 
imiicates  an  electrical  change   or  current  whenever  the  light  is 
admitted.*    The  direction  of  the  current  in  the  eyeball  is  from  the 
fundus  to  the  cornea,  and  a.s  regards  the  pre-existing  demarcation 
^K  current  it  is  in  the  same  tlirection  and  forms,  therefore,  a  so-called 
^■positive  variation.    When  the  electrodes  are  placed  on  the  longi- 
'      tudinal  and  the  cut  surface  of  the  optic  nerve,  then,  according  to 
Kuhne,  the  electrical  resjwnse  to  light  is  a  negative  variation  siitular 
to  that  described  for  stimulation  of  nerves  in  general  (!•.  IC'i).   Not 

tonly  is  there  a  "light  response"  each  time  that  the  retina  is  stimu- 
lateU  by  light,  but  there  is  a  similar  electrical  change,  a  "dark  re- 
■ponse, "  when  the  light  is  sudilenly  withdrawn.  This  last 
interesting  fact  would  .seem  to  indicate  a  .stimulation  process  nf 
Home  kind  in  the  retina  due  to  darkness — that  is,  withdrawa' 
*  DrwBxand  McKendn<*k,  ''Trsnaactions,  Royal  Society,  E<linburgh,"  27, 
1873;  Gotch,  "Journal  of  Physiology.'  29,  388,  1903,  and  31,  1,  1W4. 
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of  the  objective  stimulus.  Einthoven  and  Jolly*  have  applied 
the  sensitive  string  galvanometer  to  the  study  of  this  phenome- 
non. They  find  that  the  electrical  response  of  the  illuminated 
eye,  when  photographed,  presents  a  curve  of  much  complexity, 
and  they  conclude  that  its  complexity  is  due  to  the  fact  that 
several  different  processes  occur  together  in  the  stimulated 
retina.  They  offer  some  evidence  to  indicate  that  three  different 
processes  depending  on  the  reaction  of  three  different  substances 
may  be  distinguished.  These  substances  react  with  different 
velocities  and  with  different  changes  in  electric  potential  to 
flashes  of  light  and  "flashes  of  darkness."  What  physiological 
effects  may  be  connected  with  these  three  processed  cannot 
yet  be  stated.  The  electrical  reaction  is  a  very  sensitive  one, 
lights  so  weak  as  to  be  near  the  threshold  for  the  human  eye 
give  a  distinct  electrical  change  in  the  frog's  retina,  and  an  eye 
that  has  been  kept  in  the  dark  for  some  time  (dark-adapted  eye) 
shows  an  increased  sensitiveness.  It  is  very  interesting,  also, 
to  find  that  the  frog's  retina  responds  to  ^  range  of  light  vibrations 
that  corresponds  with  the  limits  of  the  visible  spectrum  as  seen 
by  the  human  eye.  If  the  electrical  response  is  a  true  indication 
of  functional  activity,  it  would  appear  that  the  frog's  vision  has 
about  the  same  extent  as  our  own  as  regards  the  ether  waves 
of  different  periods  of  vibration. 

The  Visual  Purple  -Rhodopsin. — ^The  change  that  takes  place 
in  the  rods  and  cones  whereby  the  \'ibratory  ener;gy  of  the  ether 
waves  is  converted  into  ncr\'e  impulses  is  unknown.  It  has  been 
assumed  by  some  observers  that  the  light  waves  act  mechanically, 
the  wave  movements  setting  into  vibration  portions  of  the  external 
segments  of  the  rods  or  cones,  and  that  this  mechanical  movement 
forms  the  direct  excitant  of  the  nerve  impulses,  f  The  general 
view,  however.  Is  that  the  process  is  photochemical, — that  is,  tEe~ 
impact  of  the  ether  waves  sets  up  chemical  changes  in  the  rods  or 
cones  which  in  turn  give  rise  to  ner\-e  impulses  that  are  transmitted 
to  the  brain.  We  have  an  analog.v  for  this  action  in  the  known 
change  protluceil  by  light  ujxrn  sensitizeil  photographic  films.  In 
the  retina  it^^olf  some  l^isis  for  such  a  view  is  found  in  the  existence 
of  a  nxl  pigment  which  is  l>loached  by  light.  This  interesting  dis- 
covery was  msule  by  H«>11. J  :\m\  the  facts  were  afterward  carefully 
invt\<ti.cuteil  by  Kulino.iJ  The  n\l  pigment,  known  usually  as 
visual  purple  or  rh»>dopsin,  is  foiuul  only  in  the  external  segments 

•  Kinihovcn  aiiil  .loUv.  •"Qiianorlv  Journal  of  K.\(M>rimentaI  Phjrsiology," 
1,  3r.v  I'.KIS. 

1  Zrnkor.  "Arrluv  f.  mik.  Anaioinio,'*  ^.  24S.  ISO". 

:  IV.U.  ••  Arcliiv  f.  riiysiol,«io.'  I>77.  4. 

{  Kul.iitv  ■■  rnuTMiol".  :i.  (1.  pi.vMi'l.  Inst.  d.  Tniv.  Hcidelbrr|r."  vol.  i, 
187S.  .V1m>  "  Tli«  riMt<wliemisir>-  oi  the  Uetin:i."  etc..  translated  by  Foster, 
London.  1S78. 
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of  the  rods;  the  cones  do  not  contain  it.  In  the  fovea,  therefore, 
which  has  only  cones,  the  pigment  is  entirely  absent.  The  existence 
of  the  visual  purple  may  be  demonstrated  ver>'  easily.  A  frog  is 
Icept  for  some  time  in  the  dark;  it  is  then  killed  and  an  eye  removed 
nd  bisected  equatorially.     If  the  vitreous  is  removed  from  the  pos- 

rior  half  the  retina  may  be  detached  by  means  of  a  pair  of  forceps. 
When  the  operation  is  pjerformerl  in  red  or  yellow  liglit,  as  in  photo- 
graphic work,  the  detached  retina  on  examination  by  daylight  is 
found  to  be  a  deep- red  color;  but  after  a  short,  exposure  it  fades 
rapidly,  finally  becoming  colorless.  If  the  frogs  before  operation 
were  exposed  to  strong  daylight,  the  retina  is  found  to  be 
colorless.  A  similar  pigment  is  fouBd  in  the  eyes  of  man  and 
the  other  manunalia.  It  has  been  shown,  moreover,  that  a  photo- 
graph may  be  made  upon  the  surface  of  the  retina  by  means  of  this 
purple.  If  the  head  of  a  rabbit  or  frog  that  has  been  kept  in  the 
dark  for  some  time  is  exposed  with  proper  precautions  to  the  light 
of  a  window,  for  instance,  the  part  of  the  retina  on  which  the  image 
of  the  window-lights  falls  will  be  bleached,  while  the  parts  upwn 
which  the  image  of  the  window-bars  falls  and  the  surrounding  areas 
of  the  retina  will  retain  their  red  cobr.  A  figure  of  such  a  retinal 
photograph  or  optogram,  as  it  is  called,  is  represented  in  the  accom- 
panying illustration  ( Fig.  142) .  The  visual  pu rple  has  been  extracted 
from  the  rods  by  solutions  of  bile  salts,  this  substance  having  the 
power  to  discharge  the  pigment  from  its  combination  in  the  rods  in 
the  same  way  as  it  discharges  hemoglobin  from  its  combination  in 
the  red  corpuscles.  The  solution-s  lims  obtained  are  also  bleached 
upon  exposure  to  light.  We  have  in  the  visual  purple,  therefore, 
an  unstable  substance 
readily  decomposed  or 
altered  by  the  me- 
clianical  effect  of  the 
ether  waves,  and  also, 
it  may  be  said,  by 
gniss  mechanical  re- 
actions, such  as  com- 

ression ;     and    there 
be    little    doubt 
tluit     the     substance 
plays    an     important 
part  in  the  functional 

response  of  the  rod  elements.  It  has  been  shown  that  provision 
exists  in  the  retina  for  the  constant  regeneration  of  this  red  pigment. 
It  will  be  remembered  that  the  external  segments  of  the  rods  im- 
pinge upon  the  heavily  pigmented  epithelial  cells  that  lie  between 
the  rods  and  the  choroid  coat.  From  experiments  upon  frogs'  eyes 
it  appears  that  a  portion  of  the  retina  detached  from  the  pigment 
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142. — Optogram  in  eye  of  rabbit: 
mal  appeurance  of  th«  retiua  in  the  rubbit'si  eye: 
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cells  and  bleached  by  the  action  of  light  is  not  able  to  regenerate i 
visual  purple  until  again  laid  back  upon  the  choroid  coat, 
regenerating  influence  of  the  black  pigmented  cells  may  be  con- 
nected with  another  interesting  relation  that  they  exhibit.     Under 
normal  conditions  delicate  processes  extend  from  these  cells  and 
penetrate  between  the  rods  and  cones.     When  the  eye  is  exposed 
to  light  the  black  pigment  migrates  along  these  processes  as  far  even 
as  the  externa!  limiting  membrane,  and  it  is  possible  tliat  this  ar- 
rangement may  be  useful  in  obvdating  diffuse   radiatiftn  of    light, 
from  one  rod  to  another.    When  the  eye  is  kept  in  the  dark,  however,, 
the  pigment  moves  outwardly  anil  collects  around  the    external 
i^egments,  where  the  process  of  regeneration  of  the  visual  purple  is 
taking  place.     Further  evidence  that  the  visual  purple  is  connected 
with  the  irritability  of  tiie  rtjds  towarrl  light  stinmlation  is  shown 
by  the  fact  that  when  it  is  exposed  to  the  difTerent  rays  of  the  spec- 
trum the  absorption  of  light  is  greatest  in  that  part  of  the  spec- 
trum (green)  which  apix^ars  the  brightest  in  vision  when  carried  out 
under  such  conditions  as  may  be  supposed  to  involve  the  activity 
chiefly  of  the  rods  (see  below  for  these  conditions).     It  is,  however, 
perfectly  obvious  that  visual  purple  is  not  essential  to  vision.     The 
fact  that  it  is  absent  from  the  fovea  centralis  is  alone  sufficient 
proof  of  this  statement.     Moreover,  it  seems  to  be  absent  entirely 
in  the  eyes  of  some  animals;  for  instance,  the  pigeon,  hen,  some 
reptiles,  and  some  bats.    The  most  attractive  view  of  the  function 
of  the  visual  purple  is  that  it  serves  to  increase  the  deUcacy  of  re- 
sponse or  irritability  of  the  rods  in  dim  lights, — ^a  \iew  that  is  ex- 
plained in  more  detail  in  the  paragraph  below,  dealing  with  the  suj>- 
fwsed  difference  in  function  between  the  rods  and  cones. 

The  Extent  of  the  Visual  Field — Perimetry. — By  thevisJial  field 
of  each  eye  is  meant  the  entire  extent  of  the  external  world  which 
when  the  eye  is  fixed  forms  an  image  upon  or  is  projected  upon  the 
retina  of  that  eye.  From  what  has  been  said  previously  regarding 
the  dioptrics  of  the  eye  it  is  obvious  that  the  \isual  field  is  inverted 
upon  the  retina,  and  that,  therefore,  objects  in  the  upper  visual  field 
fall  upon  the  lower  half  of  the  retina,  and  objects  \n  the  right  half 
of  the  visual  field  fall  ufxin  the  left  half  of  the  retina.  Since  the 
retina  is  sensitive  to  light  up  to  the  ora  serrata,  it  is  evident  that  if 
the  eye  were  protruded  sufficiently  from  its  orbit  its  projected  visual 
field  when  represented  upon  a  flat  surface  would  have  the  form  of  a 
circle  the  center  of  which  would  correspond  to  the  fovea  centralis. 
As  a  matter  of  fact,  the  configuration  of  the  face  is  such  as  to  cut 
off  a  considerable  part  of  this  field  and  to  give  to  the  field  as  it 
actually  exists  an  irregular  outline.  The  bridge  of  the  nose,  the 
prtjjecting  eyebrows  and  cheek  bones  serve  to  thus  limit  the  field. 
To  obtain  the  exact  outline  auti  extent  of  the  visual  field  in  any  given 
case  it  is  only  necessary  to  keep  the  eye  fixed  and  then  to  move  a 
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small  object  in  the  different  meridians  and  at  the  same  distance 
From  the  eye.  The  limits  of  vision  may  be  obtained  in  this  way 
long  each  meridian  and  the  results  cinnbined  u|yon  an  aynpropiiate 
jhart.  An  instrument,  the  perimeter,  lias  been  ilevised  to  facilitate 
the  process  of  charting  the  visual  field.  It  has  been  jsjiven  a  number 
fof  different  forms,  one  of  which  is  ilhistrated  in  Fip:  143.  The  shape 
'of  the  visual  fields  in  the  nnrmnl  eye  is  represented  in  Fip;.  144. 
The  determination  of  the  visual  fields  is  of  especial  importance  in 
cases  of  brain  lesions  invo!%'ing  the  visual  area  in  the  occipital  lobe. 


T\n.  J  43. — Periiiiet<>r.  Tbe  setnicireular  bfir  may  be  placed  in  any  meridian.  A 
sivefl  ol>ic«t  t!i  then  movcil  alung  the  bar  from  without  in  until  it  ut  juit  perceived.  The 
kDKUiar  ilirilanre  at  which  (hi»  oceuni  is  marked  of!  on  tbe  correspondinR  meridian  on  the 
chart  aeen  at  tbe  left  of  tli«  fiipire.  The  eyo  examined  gaies  over  tbe  top  of  the  vertical 
nxl  •!  Um  richt  at  a  fixed  point  in  the  middle  uf  the  semicircular  bar. 


Tlie  extent  and  portion  of  the  retina  affected  may  be  used  to  aid  in 
locating  the  seat  of  the  lesion.  For  physiological  an<l  for  clinical 
purposes  it  is  neeeasary  to  distinguish  iwtween  the  central  (or  direct ) 
and  the  peripha-id  (or  indirect)  fields  of  visifin.  'i'hc  former  (iRmi 
b  meant  to  refer  to  that  portion  of  the  field  i,vhich  falls  ii|K>n  the 
foVM  centralis;  in  other  words,  it  i.s  the  projection,  in  any  fixed 
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position  of  the  eye,  of  the  fovea  into  the  external  world.  The 
peripheral  field  refers  to  the  rest  of  the  visual  field  which  is  pro- 
jected upon  the  retina  outside  the  fovea.  As  a  matter  of  fact,  idl 
of  our  distinct  and  ino-st  useful  vision,  in  the  daytime  at  least,  is 
effected  through  the  fovea.  When  the  eye  is  kept  fixe<i,  the  small 
portion  of  the  external  world  that  falls  upon  the  fovea  is  seen  dL*- 
tinctty.     All  the  rest  is  seen  more  or  less  incUstinetly  in  proportion 


•^    06/     081     Of-* 

Tig.  144. — Parimeter  chart  to  show  the  tiehl  oF  xision  for  a  right  eye  when  kept  in  a  fixed 

poHition. 

to  the  distance  of  its  retinal  image  from  the  foveji.  In  using  our 
eyes,  therefore,  we  ket^p  them  continually  in  motion  so  as  to  bring 
each  object,  as  we  pay  especial  attention  to  it,  into  the  field  of 
central  vision.  The  line  from  the  fovea  to  the  point  looked  at  is 
designated  as  the  Uric  of  sight  or  vis^ual  aris.  The  area  of  the  fovea 
is  quite  small.  The  mea.suremcnts  given  by  difTerent  observers 
vary  .■somewhat,  e.specially  as  in  some  easeji  the  mea.surements  are 
estimated  for  the  bottom  of  the  depres.sion,  the  fundus,  and  in 
others  for  the  diameter  from  edge  to  edge.  The  average  diameter 
is  usually  given  as  lying  between  0.3  and  0.4  mm.  Lines  drawn 
from  the  ends  of  this  diameter  tn  the  nodal  point  of  the  eye  sub- 
tend an  angle  of  1  degree  to  1.5  degrees;  and,  therefore,  all  objects 
in  the  external  world  around  the  line  of  sight  whose  visual  angle  is 
within  this  limit  are  comprised  in  the  centra!  field  of  vision,  and 
their  retinal  im^es  fall  upon  the  fovea.     Unilateral  lesions  of  one 
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ipit-al  lobe  cautw^  half-Hlindnpss  (hciniaiiopia)  in  the  retinas  on  the 
le  side,— that,  is,  lesions  in  \Uv  rinlit  iK-cipital  lobe  cause  hlind- 
f^neas  of  the  right  halves  of  th«    rr'tiiias,  while  injuries  to  the  left 
cx:cipital  lobes  are  aeruinpanied  by  loss  of  vision  on  the  left  sides 
of  the  retinas  (see  p.  205);  hut  such  unilateral  lesions,  it  is  stated, 
do   not  involve  the  central  ftekl  of  vision-  -only  the  peripheral 
portion  of  the  field  is  idYeeted.     In  connection  with  its  special 
functions  in  vision  the  fovea  centralis  [vissesses  a  peculiar  struc- 
,ture.     It  forms  a  shallow  depression  in  the  center  of  the  retina 
lescribetl  by  some  authors  as  elliptical,  by  others  as  circular  in  out- 
'  line.     In  tiie  center  of  the  fovea  lies  a  smaller,  very  shallow  depress 
sion  spoken  of  as  the  foveola.    The  diameter  of  the  fo^'ea,  as  stated 
above,  is  estimated  differently  by  different  authors.      While  meas- 
urements on    preserved  specimens  give   the  diameter   as  0.2  to 
[0.4  mm.,  ophthalmoscopic  examination  seems  to  indicate  that  in 
[the  fresh  state  it  may  be  larger.     According  to  Fritsch,*  the  fundus, 
•  reckoned  from  the  point  at  which  the  depres-sion  begins,  ha.s  a  diam- 
eter of  0.5  to  0.75  mm.     Within  the  fovea  cone.s  onl}'  are  present, 
I  anHjhpfip  r'fin{^^are^ longer  and  more  slentlerTtTiameter,  0.(KJ2  mm.) 
than  in  thf>  t^  iji  the  rtftimn      Moreover,  the  thickness  of  the  retina 
IS  much  reduced  in  the  foveaj  whence  arises  the  depression.     At 
ihb  point  the  cones  are  praeticaUy  exposed  dirt^ctly  to  the  light, 
whereas  in  other  parts  the  light  must  penetrate  the  other  layers 

il>efore  reaching  the  rods  and  cones.  Lying  around  the  fovea  is  an 
area  about  6  mm.  in  diameter,  of  a  yellowish  color,  and  hence 
known  as  the  macula  lutea.  -Accortling  to  recent  observers f 
the  yellow  color  of  the  macula  is  due  to  post-mortem  changes. 
In  a  normal  retina  this  area  does  not  show  a  yellow  color  and  tliere 
is,  therefi)re,  no  reason  why  it  should  be  given  aspecixd  design  at  ion. 
Vistial  Acuity. — The  distinctness  of  vision  or  the  resolving 
'  power  of  the  eye  variw  greatly  in  different  parts  of  the  retina. 
^^It  may  be  measured  for  the  fovea  by  bringing  two  fine  tines  eloser 
^■*nd  closer  together  until  the  eye  is  unaljle  to  see  them  as  two  dis- 
^"tinct  objects.  Measured  in  this  way,  it  is  u.sual!y  stated  that  when 
the  distance  between  the  lines  .subtends  an  angle  of  I  minute 
seconds)  at  the  eye,  the  limit  of  resolvability  is  reached.  This 
igle  on  the  retina  compri.ses  an  area  of  about  0.004  mm.  in  diam- 
fter,  sufficient  to  cover  two  cones  in  the  fovea.  A  simpler  method 
certain  the  size  of  a  just  perceptil>le  image  on  the  retina  is  to 
black  sr>ot  upon  a  white  l>ackground.  .Vt  a  sufTicient  dis- 
tance this  object  will  be  invisible,  the  white  margins  sefiarated 
i^by  the  diameter  of  the  black  spot  fuse  together,  but  if  brought 
sIo«er  Ut  the  eye,  the  .spot  will  lie  just  distinguishable  at  a  certain 

h,  "Sit.Bung;sbf!rich(.<»  d.  kiini|{.  Akad.  <l.  Wiss.,"  Borlin,  1900. 
r»,  "Sluuidinaviscbea  Archiv  f.  Fhyaiol.,"  190.=),  17,  3U6. 
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distance.     The  diameter  of  the  spot  being  known,  and  its  distance 
from  the  eye,  the  ?ize  of  the  retinal  image  may  be  calculatcid. 
Using  this  method,  Guillery*  estimated  the  diamet<»r  of  the  jirst 
perceptible  retinal  image,  or,  as  it  has  b«en  appropriat^'ly  called, 
the  physiol(i{}knl  poinl,  at  0.0035  mm.     These  estimat<^s  apply  onl3' 
to  the  fovea,  and,  indeed,  to  the  central  part  of  the  fovea,  the 
fovGola.     Numerous  authors  have  called  attention  to  the  fact  that 
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^^M                        Fig.  145. — Cur\-e  to  Hhon-  the  rHntive  ncuity  of  vision  tn  the  rantral  and  peripheral  fielda 
^^H                  fcud   in   (he   lifcht-adtiplcd   and   llir-  diirk-ndapu-d   eye. — (K<uf*ter.)     The   /ull   line   reprewnU 
^H                  the  rflHtivc-  aruteat-M  of  viiiiijli  in  th<-  ry*-  «X|:>OKd  to  u«ulil  illununation.     From  Ihe  center  o( 
^^H                  thf  fovea,  d",  the  aeuity  of  vbiun  fulls  rnpidlv  at  firal  and  tlii'ii  nuirf  idowly  as  one  paaaoi  out- 
^^1                ward  into  th«  p<^rinh«ra1  field.     The  dolU'd  line  nrprniiHiibt  th«  acuity  of  viaiun  in  dim  Uchts. 
^^1                The  fovea,  under  Ihia  latter  conditioD,  ia  leaa  aenaitive  Ibau  the  parta  of  the  retina  at  an  aogular 
^H               disunoe  of  10°  or  even  V,<f. 

^P           visual  acuity,  as  measured  by  the  least  distance  at  which  two  ob- 
r^           ject«  may  be  seen  separately,  varies  with  the  intensity  of  illumina- 
tion.    The  estimates  given  are  for  oniinary  room  light.     Out-of- 
,'                doors,  antl  especially  in  the  case  of  persons  who  live  habitually 
an  outdoor  life,  visual  acuity  or  the  power  of  visual  discrimination 
is  increased.     We  may  believe  that  under  the  moat  favorable  con- 
ditions of  illumination  antl  contrast  vve  can  resolve  two  objects 

1                         'Guillen',  "Zeitachrift  f.  Psychologic  u.  Physiol,  d.  Sinnesorgane,"  12, 
243.  1896. 
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lose  images  on  tho  fovea  are  separated  bj-  a  distance  about  equal 
to  the  diameter  (O.OU'2  nun.)  of  a  single  cone.  The  acuity  of  vision 
does  not  vary  greatly  throughout  the  fovea;  any  object  whose 
retinal  image  falls  well  within  the  fovea  can  be  seen  quite  dis- 
tinctly in  all  of  its  parts  when  the  eye  is  fixetl  for  the  center  of  the 
object.  This  is  the  ciise,  for  instance,  with  the  moon.  Neverthe- 
less, in  looking  at  such  an  object  as  the  moon  the  eye,  to  make  out 
details,  will  fixate  one  point  after  another,  showing  that  for  most 
distinct  vision  we  use  probably  only  the  center  of  the  fovea.  As 
we  pass  out  from  the  fovea  into  the  peripheral  field  of  vision  the 
acuity  of  vi.sion  diminishes  wry  rapidly,  so  that  at  20  degrees,  for 
instance,  from  the  center  of  tlie  fovea  the  retinal  images  must  be 
separated  by  a  distance  of  0.035  mm.  in  order  to  be  recognized 
as  distinct;  a  flistanoe  ten  times  as  great  as  is  necessary  in  the 
fovea.  On  this  account  our  vision  in  the  peripheral  field  is  very 
indistinct, — details  of  form  cannot  !>e  clearly  jx^rceived.  The 
rapidity  with  which  visual  acuity  diminishes  as  we  pass  outward 
from  the  fovea  is  indicated  by  the  curve  given  in  Fig.  145-  In  all 
close  work,  therefore,  we  keep  our  eyes  moving  continuaDy  so  as  to 
bring  one  point  after  another  into  the  center  of  the  fovea,  as  is  well 
iUu.strated  by  the  act  of  aading.  If  the  eye  is  kept  fixed  upon  the 
central  letter  of  a  long  word,  only  one  or  two  letters  on  each  side 
can  be  made  out  tlistinctly  in  spite  of  the  fact  that  with  such 
familiar  objects  we  can  guess  the  letter  even  when  the  image  is  not 
entirely  distinct.  In  ophthalmologicai  practice  the  acuity  of  vision 
(central  vision)  is  measured  usually  by  test  letters  whose  size  is 
such  that  at  the  di.stance  at  wliieh  they  are  read— say,  6  meters  (20 
feet),  the  practical  far  point  at  which  no  accommodation  is  needed — 
each  subtends  at  the  eye  an  angle  of  5  minutes,  An  eye  that  can 
distinguish  the  letters  at  this  tUstance  is  said  to  be  normal;  one  that 
can  distinguish  them  only  at  a  smaller  distance  or  at  the  given 
distance  requires  letters  of  larger  size  has  a  subnormal  acuity  of 
vision.  If,  for  instance,  an  individual  at  20  feet  can  read  only 
those  letters  that  the  normal  eye  can  distinguish  at  100  feet  his 
Nisual  acuity,  V,  is  equal  to  ■^. 

Relation  between  the  Amount  of  Sensation  and  the  Intensity 
of  the  Stimulus  -Threshold  Stimulus. — With  the  sensory  as  with 
the  motor  nerves  we  may  db*tinguijsh  between  various  degrees  of  sub- 
maximal  stimulation.  The  stronger  the  stimulus,  the  stronger  the 
reaction, — that  is,  in  the  case  of  the  optic  nerve,  the  visual  sensation. 
The  end  reaction  of  the  activity  of  a  sensorj-  nerve  is  a  state  of  con- 
flciousDefis.  The  variations  in  magnitude  of  this  state  can"  not  be 
nkeasured  with  objective  exactness,  they  mtist  be  judged  subjectively 
by  the  individual  concerned.  A  stimulus  too  weak  to  give  a  re- 
sponse with  a  motor  nerve  is  usually  designated  in  physiology  as 
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subminimal ;  a  similar  stimulus  with  sensory  nerves  is  frequently 
expressed  by  the  etiuivalent  term  gubliminal, — that  is,  below  the 
threshold.  So  ;i  stimulus  just  strong  enough  to  provoke  a  percep- 
tible reaction  iw  the  minimal  stimulus  for  efferent  nerves  and  the 
threshokl  stitmdus  for  sensor\'  ner\^es,  Inu-smuoh  as  the  variation^ 
in  the  intensity  of  consciousness  can  not  be  adequately  measured, 
it  is  customary,  in  studying  the  relations  of  the  strength  of  stimulua 
to  the  conscious  response,  to  pay  attention  to  the  strength  of  stimu- 
lus under  auy  given  cunditinn  whicli  is  sufficient  to  arouse  a  just 
perceptible  diflference  in  the  conscious  reaction.  Proceeding  upon 
this  method,  it  is  found  in  the  ca.se  of  the  visual  sensations  and  the 
optic  nerve,  as  wit  h  other  sensations  and  their  eorresjxinding  nerves, 
that  tlip  increase  of  stimulus  necessary  to  cause  a  just  perceptible 
change  in  consciousness  varies  with  the  amount  of  stimidus  already 
acting.  If,  for  instance,  the  retina  is  being  stimulated  by  a  light  of 
1  candle  power  an  increase  of  illunimation  to  1.1  candle  power  may 
make  a  perceptible  difference  in  sensation,  But  if  the  retina  is 
being  illununated  by  a  light  of  10  candle  power  an  increa.se  to  10.1 
candle  power  would  probably  make  no  perceptible  difference.  For 
a  certain  range  of  stimulation,  in  fact,  it  has  been  Bta,ted  that  the 
Increase  in  stimulus  must  Ijc  a  const-ant  fractional  jiart  of  the  stimu- 
lus already  acting.  That  is,  in  the  hypothetical  case  given,  if,  with 
1  candle  power,  an  increase  to  1.1  candle  power  makes  a  just  per- 
ceptible difference  in  consciousness,  then  with  10  candle  jxiwer  an 
increa.se  of  y'^y  of  the  acting  stimulus,  namely — 1  candle  power — will 
be  necessarj'  to  cause  a  perceptible  difference.  The  relation  as 
expressed  in  tliis  form  is  known  as  Weber's  law;  but  it  seems  prob- 
able that,  wlule  the  general  fact  is  true,  this  exact  expression  of  it 
holds  only  approximately  for  an  intermediate  range  of  stimulation. 
In  this  matter  of  a  threshold  stimulus  the  sensitiveness  of  the 
retina  shows  also  certain  interesting  differences  in  the  foveal  as 
compared  with  the  pcrijihend  field.  The  difference  is  especially 
marked  when  the  reaction  of  the  retina  in  strong  lights  is  compared 
with  it«  reaction  in  dim  lights. 

The  Light'adapted  and  the  Dark-adapted  Eye. — The  con- 
dition of  the  retina  changes  when  after  cxjxisure  to  light  it  is  sub- 
mitted to  darkness,  the  cloange  being  most  marked  in  the  peripheral 
field.  When  one  passes  from  daylight  into  a  dark  room  vision 
at  first  is  very  imperfect,  but  after  some  minutes  it  rapidly  im- 
proves, "as  the  eye  becomes  accustomed  to  the  dark."  The 
change  is  known  as  an  adaptation,  and  in  this  respect  the  retina 
diffei-s  from  tlie  sensitive  photographic  phite.  Comparison  of  the 
threshold  stimulus  for  different  parts  of  the  retina,  in  an  eye 
exposed  alternately   to  darkness   and   to   light,   hsis  shown   that 
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dark  the  sensitiveness  in  the  periplieral  field  increases 
grettly  during  an  hour  or  so,  while  that  of  the  foveat  field  is  appar- 
ently unchanged.  With  such  a  dark-adapted  eye.  therefore, 
there  will  be  a  certain  tlim  light  which  will  be  seen  by  the  pcr- 
iphei'nl  parts  of  the  retina,  but  perhaps  will  cause  no  reaction 
upon  the  fovea.  For  such  a  degree  of  light,  therefore,  the  fovea 
would  Ije  blind.  This  genend  fact  has,  ituUvd,  long  been  known. 
Anyone  may  notice  in  late  twilight,  when  the  stars  arc  iieginning 
to  appear.that  a  ver>'faint.  starmay  disapjjear  when  looked  at, — tliat 
is,  when  its  image  is  brought  upon  the  fovea;  to  .see  it  one  mu.st  direct 
his  eyeti  a  little  to  the  side,  so  as  to  brmg  its  image  into  the  jieriph- 
eral  field.  This  greater  sensitivene.s.s  of  the  dark-adapted  eye  in 
the  peripheral  field  where  the  rod;*  predominate  over  the  cones  seems 
to  be  associated  with  the  movement  of  the  pigment  in  the  pigment 
epithelium  (see  above)  and  the  ro.suUing  regeneration  of  the  visual 

I  purple  in  the  external  segments  of  the  rods.  The  increase  in  the 
visual  purple  in  the  dark  may,  indeed,  account  for  the  increased 
sensitiveness  to  light  in  the  rofi-region  and  explain  why  a  similar 
increase  fails  to  occur  in  the  fovea,  where  only  cones  are  present. 
The  curve  given  in  Fig.  145  shows  tliat  in  the  dark-adapte<l  eye 
the  acuity  of  vision  in  the  peripheral  field  is  greater  than  in  the 
fovea.  In  accordance  with  ttie.^'  facts  von  Kries*  has  suggested  that 
the  rods,  the  peripheral  field  of  the  retina,  are  especially  adapted 
for  vision  in  dim  lights,  night  vision,  while  the  cones  are  especially 
adapted  for  vision  in  strong  light-s.  da>'  vision.  This  general  fact 
will  perhaps  accord  with  the  exixrience  of  anyone  who  attempts 
to  estimate  the  value  of  his  peripheral  vision  in  dim  nightlight  as 
compared  with  daylight.  Other  interesting  diffeivnccs  in  the  rcac- 
■tion  of  the  light-adapted  antl  the  dark-adapted  eye  are  referred  to 


CHARACTERISTICS  OF  THE  VISUAL  SENSATIONS. 


In  addition  to  the  spatial  attributes  connected  with  our  visual 
sensations — that  Is,  the  perception  of  fonn — they  are  characterized 
[by  two  properties  which  may  be  described  in  general  as  variatioI^3 
in  intensity  and  in  quality. 

Luminosity  or  Brightness. — That  characteristic  which  we 
deechbe  as  the  luminosity  or  brightness  of  a  \isual  sensation  has 
been  defined  differently  by  various  writer?'.  We  may  consider  it, 
however,  as  the  expression  of  the  intensity  of  the  acting  stimulus. 
Sensations  of  the  same  qualit}'  arc  easily  compared  as  regards  their 

•Von  Kriea,  "Zeitachrift  f.  Psychologic  u.  Physiologic  d.  Sinnesorgane," 
9.  SI,  I $95. 
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brightness.  We  can  tell  as  between  two  whites  or  two  greens  wiuch 
b  the  brighter  of  the  two,  but  when  two  different  qiialities — a  red 
and  a  green  sensation,  for  instance — are  compared  our  subjective 
determination  of  the  relative  brightness  is,  for  most  persons,  difficult 
or  impossible  to  make.    To  a  lesser  degree  the  difficulty  is  amilar 
to  that  of  the  comparison  of  sight  and  sound.    According  to  the 
conception  adopted  here,  however,  that  the  brightness  is  an  ex- 
pression of  the  intensity  of  the  stimulus,  an  objective  standard  d 
comparison  nught  be  obtained  by  measuring  the  resulting  action  cu> 
rents  in  the  optic  nerve  fibers.    When  the  spectral  colors  are  ex- 
amined it  is  obvious  that  some  of  the  colors  are  brighter  than  others, 
the  extreme  red  and  extreme  violet,  for  instance,  possessing  little 
luminosity  as  compared  with  the  yellow.    The  relative  brightneei 


Fir.  14A. — iviuram  nhowinx  the  distribution  of  the  intensity  of  th«  qwetram  m  d^ 
pendent  upitn  the  <w>KrM>  of  illumination.  The  ypertrum  is  repreeented  alone  Um  ■hwiiwi, 
the  nuinersl«  Kivinc  tite  wave  lenKthn  from  mi,  070,  to  violet,  430.  The  ordinataa  ^y 
the  Iwniniwity  of  the  (iifferpnt  rulnni.  Kii-ht  curve*  are  K'^'en  to  diow  the  ebaaoM  in 
(U*tribution  of  relative  briKhtnew  with  chanRes  in  «ie|[rre  of  illuminatioa.  Wita  tfa* 
neatest  illumination  the  maximum  hrifchtne.w  is  in  toe  y*Uow  (005.425):  «Hh 
nluinitiation  it  wkiitta  to  the  Rreen  ^,135).— -(ATdni^. ) 


of  the  different  spectral  foh^rs  is  fountl  to  vary  with  the  amount  of 
iUuinination.  us  shown  in  the  curves  given  in  Fig.  146.  With  a 
brilliant  .<]>octrutn  the  maximum  brightness  is  in  the  yellow,  but 
with  a  U'i'Hc  illumination  it  shift.s  to  the  green.    This  fact  accords 
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with  what  is  known  as  the  "  Purkinje  phenomenon," — namely,  the 
changing  luminosity  and  color  value  of  colors  in  dim  tipht-s.  As  the 
light  becomes  more  feeble  the  colors  toward  the  red  end  of  the 
plectrum  lose  their  quality,  the  blue  colors  l^eing  perceived  last  of 
all,  just  as  in  late  twilight  it  may  be  noticed  that  the  sky  remains 
distinctly  blue  after  the  colors  of  the  landscape  become  indistin- 
guishable. It  should  be  added  that  the  "  Purkinje  phenomenon" 
is  true  only  for  the  parts  of  the  retina  lying  outside  the  fovea, 
that  is,  for  the  peripheral  field.  As  the  light  grows  dimmer  the 
perception  of  blue  is  lost  first  in  the  fovea,  so  that  with  a  certain 
feebleness  of  illumination  the  central  field  becomes  blue-blind. 
With  a  ver\'  feeble  illumination  the  dark-adapted  eye  becomes 
practically  totally  color  blind. 

Qualities  of  Visual  Sensations. — The  different  qualities  of  our 
color  sensations  may  be  arranged  in  two  series:  an  achromatic 
series,  consisting  of  white  and  black  and  the  intermerliate  grays, 
and  a  chromatic  series,  comprising  the  various  spectral  etilors, 
together  with  the  purples  made  by  combination  of  the  two  ends 
of  the  spectrum,  red  and  blue,  and  the  colors  obtained  by  fusion  of 
the  spectral  colors  with  white  or  with  black,  such,  for  instance,  as 
the  ohves  and  browns. 

The  Ackromalic  Series. — Our  standard  white  sensation  is  that 
caused  by  sunlight.  Objects  reflecting  to  our  eye  all  the  visible 
rays  of  the  sunlight  give  us  a  white  sen.sation.  This  sensation, 
therefore,  is  due  primarily  to  the  combined  action  of  all  the  visible 
rays  of  the  spectrum,  each  of  which,  taken  separately,  would  give 
us  a  color  sensation.  Wliite  or  gray  may  be  produced  also  by  the 
combined  action  of  certain  pairs  of  colors, — complementary  colors, — 
as  is  described  Ijelow.  Black,  on  the  contrar\',  is  the  sensation 
eatued  by  withdrawal  of  light.  It  mu.st  be  emphasized  that  in 
order  to  see  black  a  retina  must  l)e  present.  It  is  probable  that 
s  person  with  both  eyes  enucleated  has  no  sensation  of  darkness. 
That  black  is  a  sensation  referable  to  a  condition  of  the  retina  is 
made  probable  also  by  the  interesting  obsiTvations  recorded  by 
Gotch,* — namely,  that  when  an  eye  that  has  l>cen  exposed  to  light 
is  suddenly  cut  off  from  the  light  there  is  an  electrical  change  in  the 
retina,  a  dark  response,  similar  to  that  caused  by  throwing  light  on 
a  retina  previously  kept  in  the  dark.  Blackness,  therefore,  is  a 
sensation  produced  by  withdrawing  light  from  the  retina,  and  a 
black  objeta  is  one  that  refiects  no  light  to  the  eye.  Black  may  be 
combined  with  white  to  produce  the  series  of  grays,  and  when  com- 
lincd  with  the  spectral  colors  it  gives  a  series  of  modificil  color  tones, 
U.S  the  ohves  of  different  shades  may  be  considered  as  combina- 
tions of  green  and  black  in  var>'ing  proportions, 

•  Gotch,  "  Journal  of  Physiology,"  29,  388,  1903. 
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The  chromatic  series  consists  of  those  qualities  to  which  we  give 
the  name  of  colors,  and,  as  stated  above,  they  comprse  the  spectral 
colors,  and  the  extraspectral  color,  purple,  together  with  the  light* 
weak  and  light^strong  hues  obtained  by  combining  the  colore  with 
white  or  black.  In  the  spectrum  many  different  colore  may  be 
detected, — some  observers  record  as  many  as  one  hundred  and 
sixty, — ^but  in  general  we. give  specific  names  only  to  those  that 
stand  sufficiently  far  apart  to  represent  quite  distinct  sensations, — 
namely,  the  red,  orange,  yellow,  green,  blue,  and  violet.  When 
light  is  taken  from  a  definite  limited  portion  of  the  spectrum  we 
have  a  monochromatic  light  that  gives  us  a  distinct  color  sensation 
varying  with  the  wave  length  of  the  portion  chosen. 

Color  Saturation  and  Color  Fusion. — ^The  term  saturation  as 
applied  to  colors  is  meant  to  define  their  freedom  from  accompany- 
ing white  sensation.  A  perfectly  saturated  color  would  be  one 
entirely  free  from  mixture  with  white.  On  the  objective  side  it  is 
easy  to  select  a  monochromatic  bundle  of  rays  from  the  spectrum 
without  admixture  of  white  light,  but  on  the  physiological  side  it  is 
not  probable  that  the  color  sensation  thus  produced  is  entirely  free 
from  white  sensation,  since  the  monochromatic  rays  may  initiate 
in  the  retina  not  only  the  specific  processes  underlying  the  pro- 
duction of  its  special  color,  but  at  the  same  time  give  rise  in  some 
degree  to  the  processes  causing  white  sensations.  Even  the  spectral 
colors  are  therefore  not  entirely  saturated,  but  they  come  as  near 
to  giving  us  this  condition  as  we  can  get  without  changing  the  state 
of  the  retina  itself  by  previous  stimulation. 

Color  Fusion. — Hy  color  fusion  we  mean  the  combination  of  two 
or  more  color  i)roces.scs  in  the  retina,  this  end  being  obtained  by 
suixTposing  iiiK)u  the  same  portion  of  the  retina  the  rays  giving 
rise  to  these  color  processes.  It  must  be  borne  in  mind  that  color 
fusion  upon  the  retina  is  quite  a  different  thing  from  color  mixture 
as  practised  by  the  artist.  A  blue  pigment,  such  as  Prussian  blue, 
for  instance,  owes  its  blue  color  to  the  fact  that  when  sunlight  falls 
ujwn  it  the  rccl-yellow  rays  arc  al)sorl)ed  and  only  the  blue,  with 
some  of  the  gnnai,  rays  are  reflected  to  the  eye.  So  a  yellow  pig- 
ment, chn)me  yellow,  absorbs  the  bhie,  violet,  and  red  rays  and 
n'fU'cts  to  the  eye  only  the  yellow  with  some  of  the  green  rays.  A 
mixture  of  the  two  uinm  the  {mlette  will  absorb  all  the  rays  except 
th(>  gnt'u  and  will  therefore  apjx'ar  green  to  the  eye.  If,  however, 
by  means  of  a  suitable  device,  we  throw  simultaneously  upon  the 
n^thm  a  blue  and  a  yellow  light,  the  result  of  the  retinal  fusion  is 
a  sensjitiou  of  white.  Many  different  methods  have  been  employed 
to  thn)W  colors  simultaneously  uj)on  the  retina,  the  most  perfect 
U'ing  a  .system  of  lenst^s  or  nnnxjrs  by  which  tlifferent  portions  of 
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a  spectrum  can  De  superpos 

lalK)raton' experiments  Ls  thiit  of  rotutiouof  disrs  of  colored  paper. 
Each  disc  has  a  slit  in  it  from  center  to  periphcr>'  so  that  two  discs 
call  l>c  fitted  together  to  expose  more  or  less  of  each  color.  If  a 
combination  of  this  kind  is  attached  U)  a  small  electrical  motor  it 
can  be  rotated  so  mpidly  that  the  impressions  of  the  two  colors 
tipon  the  retina  foDow  at  :>uch  a  yhort  interval  of  time  as  to  he  prac- 
tically simultaneoxis. 

The  Fundamental  Colors. — By  the  methods  of  color  fusion 
it  can  lie  shown  that  three  colors  may  be  selected  from  the  spec- 
tnim  whose  combinations  in  different  proportions  will  give  white, 
or  jiny  of  the  intermediate  color  shades,  or  purple  Considered 
purely  objectively,  a  set  of  three  such  colors  may  be  designated 
as  the  fundamental  colors,  and  red,  yellow,  and  blue,  or  red, 
green,  and  violet  have  been  the  three  colors  selected.  On  the 
physiolopcal  side,  however,  it  has  been  assumed  that  there  are 
certain  more  or  less  independent  color  processes — photochemical 
processes — in  the  retina  whicli  give  us  our  fundamental  color  sen- 
sations, and  that  all  other  color  sensations  are  combinations  nf  these 
processes  in  varying  proportions  with  each  other  or  with  the  proc- 
esses causing  white  and  black.  Referring  only  to  the  colors  proper. 
the  fundamental  color  sensations  at  cordinp  to  some  views  are  red, 
green,  and  blue  or  violet:  according^  to  others,  they  are  red.  yellow. 
green,  and  blue.     (See  paragraph  on  Theories  of  Color  Vision.) 

Helinholtz  calls  attention  to  the  fact  that  the  n.imps  M.'sod!  for  these  funda- 
mental color  sonsation.s  nrc  obviously  of  ancient  origin,  thus  indicitine  thnt 
tl»e  iJifTerpnce  in  quality  of  I  he  sensations  has  been  long  recognized.  Red  ia 
fronj  the  Sajiakrit  rudhira,  blood;  blue  from  the  SAme  root  as  blow,  and  re- 
fere  to  the  color  of  the  air;  green  from  the  same  ro(>t  as  grow,  referring  to  the 
color  of  vegetation-  Yellow  seems  to  be  derived  from  the  same  root  as  gold, 
which  typified  the  color.  The  other  less  distinct  qualities  have  names  of 
i«oent  t^ptication,  such  aa  orange,  violet,  indigo  blue,  etc. 

»       Complementary  Colors. — It  1ms  been  found  by  the  methods  of 
color  fusion  that  certain  pairs  of  colors  when  combined  give  a  white 
(gray)  sensation.     It  may  be  said,  in  fact,  that  for  any  given  color 
thert!  e^dsts  a  complement  such  that  the  fu,«ion  of  the  two  in  suitable 
proportions  givea  wliite.     If  we  confine  ourselves  to  the  spectral 
colors  we  recognize  such  complementary  pairs  as  the  following: 
Red  and  greenL-^h  blue. 
Orange  and  cyan  blue. 
YeUow  and  indigo  blue. 
Greenish  yellow  and  violet. 
The  complementary  color  for  green  is  the  extraspectral  purple. 
?ok>i8  that  are  closer  together  in  the  spectral  series  than  the 
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complementaries  give  on  fusion  some  intermediatp  color  which  is 
more  saturated — that  is,  less  mixed  with  white  ^nsation — the  nearer 
the  colors  are  together.    Thus,  red  and  yellow,  when  fused,  give 
orange.     Colors  farther  apart  than  the  tiistance  of  the  comple- 
mentaries give  some  shade  of  purple.     On  the  physical  side,  there- 
fore, we  can  produce  a  sensation  of  white  in  two  ways :  Either  by  the 
combined  action  of  all  the  visible  rays  of  the  spectnun  (sunlight.) 
or  by  the  combined  action  of  pairs  of  colors  whose  wave  lengths  vary 
by  a  certain  interval.     It  is  probable  that,  in  the  retina  the  procea^GA 
induced  by  these  two  methods  are  qualitatively  the  same,  ikr»-& 
wave-lengths  represented  by  the  complementary'  colors  setting  iM  'p 
by  their  combined  action  the  same  photochemical  processes  th^^^ 
normally  are  induced  by  the  sunlight. 

After-images. — As  the  name  implies,  this  term  refers  to  imag^^s* 
that  remain  in  consciousness  after  the  objective  stimulus  has  cease  -^^^ 
to  act  upon  the  retina.    They  are  due  doubtless  to  the  fact  that  th     j 
changes  set  up  in  the  retina  by  the  \'isual  stimulus  continue,  wit^^' 
or  without  modification,  after  the  stimulus  is  withdrawn.     After 
images  are  of  two  kinds;   positive  and  negative.     In  the  positiv( 
after-images  the  visual  scnsatitm  retains  its  normal  colors.     If  one 
looks  at  an  incandescent  electric  light  for  a  few  seconds  and  then^^ 
closes  his  eyes  he  continues  to  see  the  luminous  object  for  a  con — " 
siderable  time  in  its  normal  colors.     Objects  of  much  less  inten-  " 
flity  of  illumination  may  give  positive  after-images,  especialy    ^ 
when  the  eyes  have  been   kept  closetl  for  some  time,   as,  for 
instance,    upon    waking   in    the    morning.     In    negative    after- 
images the  colors   are  all  reversed — that  is,  the}*  take  on  the 
complementary  qualities  (see  P'ig.  147).     White  becomes  black, 
red,    a  bluish   green,    and   vico   rcr.sa.      Negative   after-images    I 
are  produced  very  easily  Ity  fixing  the  eyes  steadily  upon  a 
given  object  for  an  inter\'id  of  twenty  seconds  or  more  and 
then  closing  them.     In  the  case  of  colored  objects  the  after- 
image is  shown  better,  perhaps,  by  turning  the  eyes  upon  a 
white  surface  after  the  period  of  fixation  is  over.      After-innagea 
produced  in  this  way  often  appear  and  disappear  a  number  of    j 
times  before  ceasing  entirely,  and,  although  the  color  at  first  is  the     * 
complementary  of  that  of  the  object  looked  at,  it  may  change  before 
its  final  disappearance.      Anyone  who  has  gazed  for  even  a  brief 
interval  at  the  setting  sun  will  remember  the  number  of  colored  and 
changing  after-images  seen  for  a  time  when  the  eye  is  turned  to     J 
another  portion  of  the  sky.     That  several  diflferent  after-images     1 
are  seen  in  tliis  case  is  due  to  the  fact  that  the  eyes  are  not  kept 
fixed  under  the  dazzling  light  of  the  sun,  and  a  number  of  different 
images  are  formed,  therefore,  upon  the  retina. 
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contrast  swni  quite  blue.    A  strikiuR  instance  of  the  eflfeet  of  con- 
trast is  piven.  also,  by  the  simple  experiment  of  Mayer,  illustrated 
in  Fig.  148.    The  gray  squaa*  on  the  green  background  suffers  no 
apparent  change  from  contrast,  but  if  the  figure  is  covered  by« 
sheet  of  wliite  tLs-sue  paper  the  gray  square  at  once  take*  on  a  ml- 
dish  hue.     It  Is  e\iUcnt  that  in  all  artistic  and  ornamental  employ- 
ment of  colors  this  intluence  must  be  considered,  and  empirical 
nile.s  are  establrshod  which  indicate  for  the  normal  eye  the  bcD^ 
ficial  or  the   killing  effect  of   different  colors  when  brought  into 
juxtiipo.sition. 

Color  Blindness. — The  fact  that  some  ej'es  do   not  posses 
normal  color  vision  does  not  seem  to  have  attracted  the  attention 
of  scientific  observers  until  it  wa.<i  studied  with  some  care  by  Dalton, 
the  distinguished  English  chemist,  at  the  end  of  the  eighteenth 
century.    Daiton  himself  suffered  from  color  blindness,  and  the 
particular  variety  exiiibited  by  him  was  for  some  time  described 
as  Daltoni.sm,  but  is  now  usually  designated  as  red  blindness.    The 
subject  was  given  practical  importance  by  later  observers,  espe- 
cially by  the  Swetlish  physiologist  Holmgren,*  who  emphasized  its 
relations  to  possible  accidents  by  rail  or  at  sea  in  comieetion  with 
colored  signals.     It  is  now  the  practice  in  all  civilized  countries  to 
require  tests  for  color  blindness  in  the  case  of  those  who  in  railwa>'» 
or  upon  vessels  may  be  responsible  for  the  interpretation  of  signals. 
The  numerous  statistics  that   have  been  gathered  show  that  the 
defect  is  fairly  prevalent,  especially  among  men.     It  is  said  that 
on  the  average  from  2  to  4  per  cent,  are  color  blind  among  males, 
while  among  women  the  projxirtion  is  much  smaller, — 0.01  to  1  per 
cent.     Among  the  poorl>'  educated  clas.<es  the  defect  is  said  to  be 
more    common   than  among   educated    persons.     Color  blindness 
may  exist  in  different  degrees  of  completeness,  from  a  total  loss  to 
a  simple  imperfection  or  feeV>leness  of   the  color  sense,  and  it  is 
usually  cong<'nital.      .\mong  thi>se   persons   who   possess  a  tri- 
chromatic  c^ilor  sense   differences    may    be   observed  in   reganl 
to  the  proportions  of  ditTereut  colors  which  must  be  combim-d 
ti)  make  a  naatch  with  a  given  standard.     This  condition   has 
been  sliown  to  exist  jiartieularly  for  the  combinations  of  red  and 
green    re(iuiretl    to   match   a   homogeneous   yellow.      IndividuaLi 
who  differ  .Hftisibly  from  the  normal  in  the  amounts  of  red  and 
jp-een   selected   to  make  such   a  match   have   Ix-en  described  as 
having  an  "anomalous  trichromatic  vision."!     Those   who  are 
complftely  color  blind  as  regards  some  or  all  of  the  fundamental 

•  HolriicnTi,  "  Cfiliir  Blindnttis  in  its  Relatione  to  Accitlent.-i  by  Haii  and 
Sea,"  "Smithsonian  Instiliition  Hf!]K)rts,"  Washin^on,  187S.  See  alno  Jef- 
fries, "  Color  Blindnei!^,  its  Danj?er  ami  it«  Dptection,"  Boston. 

t  Consult  von  Kriew  in  Nagel'a  Ilandburh  der  Physiologie,  vol.  3,  p.  124. 
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[Colors  fall  into  two  proups:  the  diohroinatic,  whoso  color  vision 
iHay  be  represpnted  by  two  furKlaineiital  colors  and  their  coin- 
jbinations  with  white  or  black,   and  the  achromatic,  or  totally 
color  blind,  who  see  only  the  white-Kray-bhink  pfrios. 

DichromfUic  Vision. — The  color-blind  who  belong  to  this  class 
fall  into  two  or  three  groups,  wliich  have  been  ttesignated,  under 
the  influence  of  the  Young-Hclniholii!  thi'ory  of  color  vision,  the 
red-blind,  the  green-blind,  and  the  violet-blind.  As  the  terms 
reil-blind  and  green-i)lind  imply  a  more  specific  condition  of 
vision  than  is  found  to  be  the  case  on  careful  exaniiitation,  von 
Kries  has  suggested  as  a  suiistitute  the  names  protanopia  and 
deuteranopia,  as  indicating  a  defect  in  a  first  or  second  constit- 
uent necessary  for  color  vision.  According  to  the  same  nomen- 
clature, so-ralle<^i  violet-blindness  would  be  designated  as  tritan- 
opia. From  this  standpoint  genuine  color  bitmlness  niny  l)e 
r«"};;arde<l  a*  a  reduction  form  of  normal  trichromatic  vision  of 
such  a  character  that  all  the  color  sensations  may  lie  conceived  as 
de|)ending  upon  the  existence  of  only  two  fundamental  color 
pn)ces.ses.  The  most  common  hy  far  of  these  gmups  is  that  of  so- 
called  red-bJin<lne.ss  (prota,nopia);  it  constitutes  the  usual  form  of 
ct)lor  blindness.  As  a  matter  of  fart,  persons  so  affecte«l  are  in  real- 
ity rcnJ-green  blind.  In  what  may  be  cailetl  the  most  typical  cases 
they  distinguish  in  the  spectrum  only  yellows  and  blues.  The 
red,  orange,  yellow,  and  green  appear  as  yellow  of  different  shades, 
the  green-blue  as  gray,  and  the  blue-vjolet  and  purple  as  ])Iue. 
The  red  end  of  the  spectrum  is  distinctly  shortened,  especially 
if  the  illumination  is  poor,  and  the  maximum  himinoijity,  instead 
of  being  in  the  yellow,  as  in  norm:d  eyes,  is  in  the  gi^en.  When 
the  spectrum  is  examined  by  such  persons  a  neutral  gray  band  is 
seen  at  the  junction  of  the  blue  and  green.  In  some  ca.ses,  how- 
ever, this  neutral  band  is  not  seen,  the  yellow  passing  with  but 
little  change  into  the  blue.  As  a  matter  of  fact,  in  red-blindness 
the  most  characteristic  defect  is  a  fuilurc  to  see  or  to  appreciate 
the  green.  This  color  is  confused  with  the  grays  and  with  dull 
shades  of  red.  When  such  persons  are  examined  for  their  negative 
after-images  for  different  colors,  it  will  be  noted  that  they  de- 
scribe some  of  their  after-imiiges  as  red,  the  after-image  of  indigo- 
biue.  for  example,  but  that  they  tlescribe  none  as  green.  The 
afior-miJige  of  purple,  for  instance,  which  to  the  normal  eye  is 
bright  green,  is  descril>ed  by  them  as  gray  blue  or  pale  blue, 
Fnitn  the  descriptions  given  it  is  probable  that  the  co!or  vision 
of  tlie  .s<j-callcd  red-blind  is  not  by  any  means  the  same  in  all  cases, 
but  exhibits  many  individual  differences.  The  green-blind  are 
alw,  according  to  recent  descriptions,  red-green  blind;  they  also 
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confused  reds  anti  greens  and  in  the  spectrum  are  conscious  of  only 
two  color  qualities,  namely,  yellow  ami  blue.  They  diflfer  from 
the  red-blind  in  that  the  red  end  of  the  spectrum  is  not  shortened, 
and  the  maximutii  luminosity,  as  with  the  normal  eye,  is  placed 
in  the  yellow.  In  the  matching  and  combination  of  tK)lors  they 
show  distinct  differences  from  the  red-blind,  so  that  though  re- 
sembling the  latter  in  general  features,  they  tUffer  obviously  in 
some  details.  As  compared  with  the  protanopes,  it  maj'  be  said 
that  their  retinas  are  more  sensitive  to  the  long  waves  in  the 
spectrum.  Violet  blindness  (tritanopia)  seenw  to  be  so  rare 
as  a  congenital  and  permanent  condition  that  no  ver>'  exact  study 
of  it  htis  been  made.  In  rases  of  acquired  tritanopia  resulting 
from  pathological  changes  it  is  reported  that  the  violet  end  of 
the  spectrum  is  colorless  (neutral)  and  that  a  neutral  band  appears 
also  in  the  yellow-green  region  of  the  spectrum.*  By  the  ingestion 
of  santonin  it  is  said  that  a  condition  of  this  kind  may  be  produced 
temiwrarily.  The  violet  end  of  the  spectrum  is  shortened  and 
white  objects  take  on  a  yellowish  hue.  The  conditions  produced 
by  santonin  are  evidently  more  complex  than  can  be  explained 
by  simply  assuming  that  the  violet  color  sense  is  lost.  Recent 
observers  f  state  that  the  drug  produces  a  condition  of  yellow 
vision,  outside  the  fovea,  in  the  daylight,  and  a  condition  of 
violet  vision  with  yellow-blindness,  but  no  red-  or  green-blindness, 
in  dim  lights. 

Tests  for  Color  Blindness. — Although  the  vision  of  the  red  and 
the  green  blind  is  deficient  as  regards  green  and  red  colors,  it  will 
be  found  in  many  cases  tliat  they  recognize  these  colors  and  name 
them  correctly,  ha\ing adopted  the  usual  nomenclature  and  adapted 
it  to  their  own  standards.  In  order  to  detect  the  deficiency  they 
must  be  examined  by  some  test  which  will  compel  them  to  match 
certain  colors.  Under  the.se  circumstances  it  will  be  found  that 
along  with  correct  matches  they  will  make  others  which  to  the  nor- 
mal eye  are  entirely  erroneous.  A  great  number  of  methods  have 
been  proposed  and  used  to  detect  color  blindness.  The  simplest 
perhaps  is  that  of  Holmgren.  J  A  number  of  skeins  of  wool  are  used 
and  three  test  colors  are  chosen, — namely,  (I)  a  pale  pure  green 
skein,  which  must  not  incline  toward  yellow  green;  (II)  a  medium 
purple  (magenta)  skein;  and  (III)  a  vivid  red  skein.  The  pereon 
under  investigation  is  given  skein  I  and  is  asked  to  select  from  the 
pile  of  a.'JKorted  colore<l  skeins  those  that  have  a  similar  color  value. 
He  is  not  to  majce  an  exact  match,  but  to  select  those  that  appear 

*ColliiiH  and  Na^^I,  "Zcitachrift  f.  Pnvchol.  u.  Phviiiol.  d.  SiDnaoffsiuv," 
1906.  xli.,  74. 

T  Siv<5n  anil  Wemlt,  " KkandiuaviM>h««  Archiv  f.  Phy'siologie,"  H,  196, 
1008.  and  19ai.  17.  ■M)(S. 

i  For  delaild  nee  the  works  of  Holmgmn  and  of  JpfTrim,  alre«dy  quoted. 
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to  have  the  same  color.  Those  who  are  red  or  green  hlincl  will  see 
the  test  skein  as  a  gray  with  some  yellow  or  blue  shade  and  will 
sielect,  therefore,  not  only  the  green  tskeins,  but  the  grays  or  grayish 
yellow  and  blue  skeins.  To  ascertain  whether  the  individual  is  red 
or  green  blind  tests  II  and  III  may  then  be  employed. 

With  test  II,  medium  purple,  the  red  blind  will  select,  in  addition 
to  other  purples,  only  blues  or  violets;  the  green  blind  will  select  as 
"confusion  colors"  only  greens  and  grays. 

With  test  III,  red,  the  red  blind  will  select  as  confusion  colors 
greens,  grays,  or  browns  less  luminous  than  the  test  color,  while  the 
green  bhnd  will  select  greens,  grays,  or  browns  of  a  greater  brightness 
than  the  test. 

Achromaiic  Vision. — A  number  of  ca.ses  of  total  color  l»Iind- 
ness  have  been  carefully  examined.*  It  wonUl  seem  that  in 
such  individuals  there  is  an  entire  loss  of  color  sense, — they  possess 
only  achromatic  vision.  The  external  world  appears  to  them  only 
in  shades  of  gray.  In  ihe  majority  of  these  cases  (f)  there 
is  a  region  of  blindness  in  the  fovea  (central  scotoma),  and  an 
unusual  sensitiveness  to  light  and  nystagmus  (rolling  movement  of 
the  eyeballs)  are  also  characteristic.  Since  the  peripheral  field  of 
vision  is  ne4irly  normal  as  regards  sen.'sitiveness  to  light,  while  the 
central  field  is  frequently  blind  or  amblyopic,  it  ha.s  been  assumeo 
that  this  condition  is  one  of  loss  of  function  in  the  cones. 

Distribution  of  the  Color  Sense  in  the  Retina.— What  has 
been  said  above  in  regartl  to  color  blimine.ss  refers  especially  to  the 
central  field  of  vision.  When  we  exaniine  the  peripheral  field  in 
the  normal  eye  it  is  found  that  on  the  extreme  jjcripherv'  the  retina 
is  totally  color  blind,  perceiving  only  light  and  darknoss, — that  is, 
the  shades  of  gray.  As  we  pass  in  toward  the  center  the  color 
sense  develops  gradually,  the  blue  colors  being  perceived  first  and 
the  greens  last, — that  is,  nearest  to  the  center, — so  that  in  a  cer- 
tain zone  the  nonnal  eye  is  red-green  blind.  The  distribution  of 
the  color  sense  may  lie  studifid  conveniently  by  means  of  the  pe- 
rimeter (see  p.  335).  It  will  he  found  to  vary  with  each  individual, 
eo  much  so  tliat  it  b  possible  that  a  test  of  this  character  might  be 
used  for  the  identification  of  individuals.  Exceptionally  it  is  found 
that  the  entire  retina  posses-ses  a  nearly  normal  color  sense.  Usu- 
ally for  the  colors  red,  green,  and  blue,  the  blue  has  the  most  exten- 
di v«>  field  and  the  green  the  least,  a.s  i.s  indicated  in  the  perimeter 
■  hurt  given  in  Fig.  1.50.  If  the  green  t-ho.sfn  is  blue  green  (4VX),'iu) — 
that  is,  the  complementary  of  the  red — it  is  stated  that  their  fields 
are  co-ertensive.  t    From  this  standpoint  the  retina  presents  three 

•  Gmnert,  "Arrhiv  fUr  Ophth.ilmologie."  56,  1.32,  1903;. 
t  Baird,  "The  Color  Sensitivity  of  th<"  Peripheral  Retina,"  Camegie  Pub- 
ficfttioD,  No.  29,  190.5. 
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concentric  zones:  an  extreme  periplieral  zone  <levoid  of  color  vis 
ion,  an  intermediate  zone  in  which  yellow  iind  blue  are  porceive< 
and  A  central  zone  sensitive  to  red  and  green.*     The  outlines 
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Kiic.  l.vi.— Pcrimctor  chiirt  inilicniioK  tbo  •vemce  Gelds  of  vimoa  for  him,  nd,  a^ 
gnen  roiuiMiml  with  whi4«  Ticrny).  RiKht  eye:  The  ouUinea  of  the  cclor  ficMa  fti«  lapw 
■entod  •«  )uii(Mit|i  KUioe  th«  cliart  Ls  an  averuge  from  tMUiy  il(>tcrDiination<>.  Aa*io*tt«ro/ 
fkot,  in  each  imliWilunl  Ihr  imthiie  L^  hishlv  iireKular.  Nonnnlly  grveu  (bri^t  (reen)  ia  th* 
RDMeel  fietU,  Kreen  ob>eoto  uuuiile  the  limil  appeftring  yellow  uiid  f«nber  out  c«1<m1m« 
(«r»y). 

the  different  fields  usually  show  many  irregularities,  and  in  sontt 
oases  it  will  he  foiiml  t  hut  bright  green  is  perceived  over  a  larger  am 
than  the  red.  The  fields  are  nrtt  identical  in  the  two  eyes,  and  in 
each  eye  it  is.  as  a  rule,  more  extensive  upon  the  nasal  than 
upon  the  tenip<jral  side  of  the  retina.  In  the  red-green  blind  the 
peripheral  fields  of  color  vif;ion.  judged  by  the  individual's  own 
BtandarrLs,  may  be  markedly  constricted  a.s  comi)ared  with  the  nor- 
mal retina  (s<'<f  Fig.  151). 

Functions  of  the  Rods  and  Cones. — Many  facts  unite  in  mak* 
ing  it  probable  that  ihe  rods  and  cones  are  different  in  functioo. 
They  differ  in  structure  and  especially  in  their  connections.  As  is 
ahown  in  the  diat^ram  given  in  Fig.  152,  the  coneH  terminate  in  the 
external  nuclear  luytT  in  arliorizatiouh  which  cormect  with  the  bi- 
polar gangUon  ccUh,  and  in  the  fovea  at  least  this  conn<M*tion  is  such 

*  It  i»  ititcrmtiiiK  to  find  (Iliiycnift)  ihnt  nroutiil  the  hlituJ  8pot  there  ■  • 
snudl  lono  which,  liki*  thi*  pcriphory  of  tho  rrtinn,  U  poniplotrly  f^tor-UiadL 
thnf  i«,  p«TtN'i\'i>«  only  Hrny,  uixl  I'x'tnmHl  U\  this  fh«'  color  wnw  ih  i|i  nIopM 
tti  aunuB  wbcMC  order  is  eiiiiilur  to  t  hat  on  the  pcripliery  of  the  rettna. 
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'Aateach  cone  connects  with  a  yjiigle  nerve  cell  and  eventually  per- 
^ps  with  a  single  optic  nen'e  filier.    The  nuLs,  on  the  contrary, 
c^d  in  a  single  knob-Uke  swelling,  and  a  iiumlxT  of  them  make  con- 
ductions with  the  same  nerve  cell.     Histojo^iically,  therefore,  the 


Fig.  tSl. — Perimeter  chart  ahowinK  tbo  highly  restrict«d  color  fields  In  ths  left  eyg 
I*  *  tTDiem]  ca«e  nf  M>-adled  red-creen  color  blinUiieMi.    The  ability  to  diiitingui»h  red  and 


typiwd „ _  ..  ., 

yy^>  by  whatever  ehAraeteristioa  of  iotenoty  or  color  they  i>(>sara^«d  exKHided  for  a  very 
,  yy  ditUDce  uutaide  the  fovea.  It  u  iniereatinR  thai  ttus  ability  to  distiuguiah  blua  was 
^^^^Mi  4MB  HmiteH  as  compared  with  a  noniial  eye. 

^■^nduction   patlis  for  the  cones  seem  to  be  more  direct  than  in 

^B^^  ca.se  of  the  rods.  These  latter  elements,  moreover,  possess  the 

^wr'**^!  purple,  which  is  lacking  in  the  cones.     La.stJy,  in  the  eye  of 

*"^  totally  color  blind,  in  the  ilark-atlapted  eye  in  dim  light.s,  in  the 

*^*or.bIind  peripheral  area  of  the  normal  eye,  and  in  tlic  eyes  of 

™<^t  distinctly  night-sfreing  anintals,  .*<uch  as  the  mole  and  the  owl, 

Tk*^  eeems  to  l>e  effecterl  .•^olely  by  the  roils,     'J'he.se  facts  find 

.  ^^if  simplest  explanation  perhaji^  in  the  view  advocatetl  liy  Pari- 

|**^d,  Franklin,  von  Kries,*  and  others,  according  to  which  the 

^''<*pption  of  color  Is  a  function  of  tlie  cones  alone,  while  the  rods 

^ffcaeusitive  only  to  light  and  darknes.s,  ami  l>y  virtue  of  their  power 

ition  in  the  dark  through  the  regeneration  of  their  visual 

they  form  also  the  special  apparatus  for  vision  in  dim 


•  Voo  Krio»,  "  Zeitschrift  f.  Psyrhologie  u.  PJiy.siol.  d.  Siniict?organe,"  9, 
01,  \9K. 
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Fig.  16X— Sefaeina  of  the  ntnicture  of  the  haman  letin*  (Gretff}: 
y«r:  Jtl.  outer  nuclear  layer;  IV.  external  plexiioi 
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which  the  vision,  while  good  in  daylight,  is  faulty  or  lacking  in  dim 
lights  (night  blindness,  hcmeralopia)  may  be  referred  to  a  defective 
functional  activity  of  the  rods,  probably  from  lack  of  formation  of 
visual  puqjle. 

Theories  of  Color  Vision. — A  number  of  theories  have  been 
propoeed  to  explain  the  facts  of  color  vision.  None  of  them  has 
been  entirely  Bucccssful  in  the  sense  that  the  explanations  it  affords 
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have  been  submitted  to  satisfactory  experimental  verification.  The 
immediate  stimuli  that  give  rise  to  the  visual  impulses  are  assumed 
to  be  of  a  chemical  nature,  and  it  seems  probal>lc  that  in  this 
case  as  in  that  of  many  other  problems  of  ph}\siologj',  we  must 
await  the  development  of  a  more  complete  knowledge  of  the 
chemical  processes  involved.  The  theories  proposed  at  present, 
while  all  tested  by  experimental  inquiries,  are  in  a  lai^ge  measure 
hypotheses  constnicted  to  fit  more  or  less  completely  the  facts  that 
are  known.  Three  of  these  theories  may  be  described  briefly  as 
examples  of  the  modes  of  rea.soning  employed : 

/.  The  Young-HclrnhoHz  Theory. — This  theorj',  proposed  essen- 
tially by  Thomas  Young  (18()7)  and  afterward  modified  and  ex- 
p>anded  by  Helmholtz*  re.sts  upon  the  assumption  that  there  are 
three  fundamental  color  .sensations, — red,  green,  and  violet — and 
corresponding  with  these  there  are  three  photochemical  substances 
in  the  retina.  By  the  decomposition  of  each  of  these  substances  cor- 
responding nerve  fibers  are  stimulated  and  impulses  are  conducted 
to  a  sp*?cial  system  of  nerve  cells  in  the  visual  center  of  the  cerebntm. 
The  theory,  therefore,  assumes  special  nerve  fibers  and  nerve  centers 
correspontiing  resjjectively  to  the  red,  green,  and  violet  photo- 
chemical substances,  and  the  peculiar  quality  of  the  resulting  sensa- 
tions are  referred,  in  the  original  theor)',  to  the  different  reactions 
in  consciousness  in  the  three  corresponding  centers  in  the  brain. 
When  these  three  substances  am  equally  excited  a  sensation  of 
white  results,  of  greater  or  less  intensity  according  to  the  extent  of 
ihe  excitation.  White,  therefore,  on  this  theon",  is  a  conqxHrnd 
sensation  produced  by  the  combination  or  fusion  in  consciousness 
of  the  three  equal  fundamental  color  sensations.  The  sensation  of 
bl&ck,  on  the  other  hand,  results  from  tlie  absence  of  stimulation, 
from  the  comiition  of  rest  in  llie  n?tina  and  in  the  corresponding 
nerve  fillers  and  nerve  centers.  All  other  color  sensations — yellow, 
for  instance — are  compound  sensations  produced  hy  the  combined 
stimulation  of  the  three  photochenuca!  substances  indifferentpropor- 
tions.  It  is  assumed,  furthermore,  that  each  of  the  photochemical 
substances  is  acted  upon  more  or  less  by  all  of  the  visilile  rays  of  the 
spectrum,  but  that  the  rays  of  lonjt  wave  lengths  at  the  red  end 
of  the  spectrum  affect  chiefly  the  red  sultstanee,  those  corresponding 
W>  the  green  of  the  spectrum  chietly  the  green  substance,  and  the 
mys of  shortest  wave  length  chiefly  the  violet  substance.  These  rela- 
tionships are  expressed  in  the  diagram  given  in  Fig.  lo3)  The  figure 
tiho  indicates  that  it  is  impo.ssibte  to  stimulate  any  one  of  these  sub- 
stances entirely  alone, — that  is,  we  cannot  obtain  a  perfectly  satu- 
vted  color  sensation.    Even  the  extreme  red  or  the  extreme  violet 

•  Helmholtz,  "  Hondbuch  der  physiologiscben  Oplik,"  second  edition. 
•,  1,  344. 
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rays  act  more  or  less  on  all  of  the  substances,  and  the  resulting  red 
or  violet  sensation,  is,  therefore,  mixed  to  some  extent  with  white, — 
that  is,  is  not  entirely  saturated.  The  theory,  as  stated  by  Helm- 
holtz,  held  strictly  to  the  doctrine  of  specific  nerve  energy,  in  assuming 
that  each  photochemical  substance  serves  simply  as  a  means  for  the 
excitation  of  a  ner\'e  fiber,  and  that  the  quality  of  the  sensation 
aroused  depends  on  the  ending  of  this  fiber  in  the  brain.  The  phe- 
nomenon of  negative  after-images  finds  a  simple  explanation  in  tenns 
of  this  theor>'.  If  we  look  fixedlj-  at  a  green  object,  for  example, 
the  corresponding  photochemical  substance  is  chiefly  acted  upon,  and 
if  subsequently  the  same  part  of  the  retina  is  exposed  to  white  light, 
the  red  and  violet  substances,  having  been  previously  less  acted 
upon,  now  respond  in  greater  proportions  to  the  white  light,  and 


Via-  KVi.— Sclx'nm  to  illiLMrate  the  Younit-Helmh.ati  theoo"  <»f  color  \TaK>n^(tf«to- 
hatU.)  The  !>l««tral  p«Joi>  »i»  amtnRP>i  in  their  natunU  orxler. — red  to  v™**-  Tt»  earem 
rppimnt  the  inteiiiuty  o(  stimulati>m  of  the  three  «4or  vubstaneesi:  I.  The  red  pereeivun 
MiUtance:  2.  the  KPfen  t^erceivinn ;  a.  the  \-iolet  iiere«*Tn|t,  \erticml*  drmwn  at  an" 
point  i.4  the  sneolrum  imlu-ate  the  rvlative  amount  ol  stimulation  of  the  three  aut>rtai>en 
for  that  «ave  leuKth  of  the  »iwetrum. 

the  aftor-imago  take.'*  a  red- violet— that  i."*,  purple  -  color.  Many 
objtH*tious  have  Ihvu  rau^etl  to  the  Young-Helmholtz  theor>'.  It 
lui.<  lHvnun»iHl.forinstanw,  that  we  are  not  con.«!oious  that  white 
or  yolU»w  stMisaiions  are  blends  or  com|K»imded  color  sensations; 
we  }K'nvive  in  thoin  none  oi  the  supix^scvl  component  elements  as 
we  do  in  such  und«>ubtetl  mixtures  a^;  the  blue-greens  or  the  purples. 
The  theor>-  i-xplaius  {xx^rly  or  not  at  all  the  fact  that  on  the  periphery 
of  iho  retiiiii  wt'  an*  oolor  Mind  and  >  ot  ran  |x'rceive  white  or  gray, 
and  ii  breaks  «li»\vn  als«>  in  the  latv  oi  the  facts  of  partial  and  com- 
pk'to  ivlor  Minilno>s.  I'lio  oxi»lanatit»n  given  for  black  is  also 
unsati>faet»>r\-  in  that  it  assumes  an  ai'tive  state  of  eonj^iousnesB 
a.s!i^Hnat»^i  with  a  iMndittoii  oi  rest  in  the  visual  mechanism. 

//.  //cr  >;./',<  Th,*"-/  «'•■  ('i^.T  V:V..";  — ThLj  thcor>'  also  assumes 
the  oxistontv  in  the  n^ina  oi  thnv  {>lioiochemical  substances,  but 
ot  Mu-li  a  natiin*  ;is  to  civi-  ti-  -i\  .lisTi-rrnt  quaHties  of  ^nsation. 
T!»n    i>  a  whiti-i'laik  -uiv-taiuv  \\iii»h  wht-n  actotl  upon  by  the 
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ibie  rays  of  light  undergoes    disa^'s'^iiTiiiation  and  sets  up   nerve 
ipuls^s  that  arouse  in  the  brain  the  sensation  of  while.     On  the 
ler  hand,  when  not  acted  upon  by  Hj^ht  this  same  sub-stance  under- 
Bs  aesimilatorV'  processes  thut  in  turn  at't  up  nerve  impulses  which 
in  the  brain  give  us  a  sensation  of  black.     There  are  in  the  retina  also 
red-green  and  a  yellow-blue  substance.     The  former  when  acted 
)n   by  the   longer  rays  umlergoes  disassiniilation  and  gives   a 
ition  of  red.  while  the  shorter  waves  cause  assimilation  and 
aroduce  a  sensation  of  green.     A  similar  as.suniption  is  made  for 
the  yellow-blue  substance.  The  essence  of  the  theory  niaj'  be  stated, 
jrefore,  in  tabular  form,  as  follows  *: 


Pbotocbsmical  Sdbsta.nc'e. 
Rod-green 

Yellow-blue 

White-black , 


Retinal  Procem. 
j  Disju«»imilatton 
I  Assimilation 

{I^sassimilation 
Aasirnilatron 
I  Disaasimilnition 
i  Assimilation 


SUNBATIOlr. 

red 

preen 

yellow 

blue 

white 

black 


It  will  be  oljserved  that  the  theory  gives  an  independent  ob- 
;tive  cause  for  the  sensations  of  white,  black,  and  vellow,  and  in 


rg 


yb 


B 

Fi^  154. — Schema  to  illustnite  the  Herinfc  theory  of  oolor  vLdoo. — (.Fotter.)  Tha 
res  tndic&te  th«  relative  ioteoaitie*  of  stimulation  o(  the  three  color  Bub«lances  by  dif- 
ferant  p*rUt  nf  ibc  npectnim.  Ordiiuites  ubove  the  axis,  X-X,  indicate  oataboUo  chAncM 
(diaaaamiliition),  thore  below  aiutboUo  oh»n(teii  (kssiinilation).  Curve  a  t«pre«ent«  tM 
eoDditionn  for  the  black-white  .•^b!<lance.  It  i^  Ertimulalct)  by  all  the  niys  of  the  viaibia 
■inetniin  with  inaiimum  iiileii'iit.v  In  the  yellow.  Cun'e  e  representa  toe  red-given  sub* 
aHlWW.  the  loDKer  wave  Ipng^llis  rmmine  ilisaf^iniilation  (red),  the  shorter  ODea  aaaniilatioa 
(gjaon).     Curve  6  gives  the  cunUitious  for  the  yclluw-blue  substance. 


lis  respect  satisfies  the  objections  made  on  thi.s  score  to  the  Voutig- 

dniholtz  theory.     It  fits  better,  also,  the  factj*  of  partial  and  toLul 

>lor  blinibiess.     In  the  latter  condition  one  may  a-ssume,  in  terms  of 

For  di!<rti}«ion  of  color  ihi'orios  .soo  Calkin><,  ".Vrchiv  f.  PhysioloRic," 
ipl,  volume,  p.  244;  also  Greenwood  in  Ilill's  "  Further  Advnncea 
wolo(5y,"  V-  378,  1909. 
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this  theoiy,  that  only  the  white-black  substance  is  present,  while 
red  and  green  blindness — ^both  of  them,  it  will  be  recalled,  really 
forms  of  red-green  blindness — are  explained  on  the  view  that  in  such 
persons  the  red-green  substance  is  deficient  or  lacking.  On  this 
theory,  complementary  colors — red  and  blue-green,  yellow  and 
blue — are,  in  reality,  antagonistic  colors.    When  thrown  on  the 

retina  simultaneously  thdr 
e£fects  neutralize  each  other, 
and  there  remains  over  only 
the  disassimilatory  effect  on 
the  white  substance  which  is 
exerted  by  all  the  visible 
rays.  The  effect  of  the  vari- 
ous visible  rays  of  the  spec- 
trum on  the  three  photo> 
chemical  substances  is  illus- 
trated by  the  chart  given  in 
Fig.  154.  Ordinates  above 
the  abscissa  representing  dis- 
assimilatory effects;  those 
below,  assimilatory. 

///.  The  Franklin  Theory 
of  Color  Vision  (Molecular 
Dissociation  Theory). — ^Thia 
theory,  proposed  by  Mrs.  C. 
L.  Franklin,*  takes  into  ac- 
count the  fact  of  a  gradual 
evolution  of  the  color  sense 
of  the  retina  from  a  primitive 
condition  of  colorless  vision 
such  as  still  exists  in  the 
periphery  of  the  retina. and 
in  the  eyes  of  the  totally 
color  blind.  It  assumes  that 
the  colorless  sensations — 
white,  gray,  black — are  occa- 
sioned by  the  reactions  of  a 
photochemical  material 
which  for  convenience  may 
be  designated  as  the  gray 
snbstnnce.  This  substance  in  the  normal  eye  exists  in  both  rods 
and  conps;  in  the  latter,  however,  in  a  differentiated  condition 
capal)le  of  pivinj;  color  .sensations.  When  the  molecules  of  this 
substance  an^  completely  dissociated  by  the  action  of  light,  gray 

♦  rranklin.  "  Zoitsolirift  f.  Psvcholope  iiml  Phys.  d.  Sinneaorgane."  1892, 
iv;  alRo  "Mind,"  2.  473.  1893.  anil  "  Psychological  Review,"  1894.  1896. 1899. 


Fig.  1&5. — Sehem*  to  illustrate  the  Fnmk- 
Un  theory  of  color  vision  (Franklin):  W,  The 
mdecule  of  the  primitive  visual  (gray-peroeiv- 
inc)  Bub»tanoe;  Y  and  B,  the  firet  step  in  the 
dinerentiation  into  a  yellow-  and  a  blue-p«r- 
oeiviDK  substance,  whuiv  combined  dissociation 
givea  the  same  effect  an  that  of  the  original  sub- 
stance, W;  O  and  R,  the  second  step  in  the 
differentiation  of  the  yellow-twrceivinK  sub- 
stance, the  combined  (UHoociation  of  the  two 
giving  the  same  effect  aa  that  of  the  yellow-per^ 
eeiving  sulMtance  alone.  The  complete  devel- 
opment of  color  virion  om  it  exlstn  in  the  central 
part  of  the  retina  conxLstn  in  the  exintence  of 
three  HuhHtances.  whirh,  taken  iieparately.  give 
red,  green,  and  blue  color  iwnMations. 
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jeoMtioos  result,  and  as  this  is  the  only  reaction  possible  in  the 
mdi  tlMM  elements  can  furnish  us  only  sensations  of  this  quality. 
The  molecules  of  gray  substance  in  the  t-ones,  on  the  other 
bad,  have  undergone  a  development  such  that  certain  portions 
onJ)'  of  the  molecule  may  become  dissociated  by  the  action  of  light 
4^ certain  periods  of  vibration.  This  developriieut  may  be  sup- 
I  pond  to  have  taken  place  in  two  stages:  first,  the  formation  of 
tto  groupings  within  the  molecule,  one  of  which  is  dissociated  by 
:  ihe  slower  waves  and  gives  a  sensation  of  yellow,  and  one  of  which 
cdisBociated  by  the  more  rapid  waves  and  gives  the  sensation  of 
hkie.  This  stage  remains  still  on  portions  of  the  periphery  of  the 
ndna,  and  ia  the  condition  present  in  the  fovea  also  in  the  eyes 
of  the  red-green  blind.  The  second  stage  consists  in  the  division 
of  the  yellow  component  into  two  additional  groupings  in  one 
of  which  the  internal  movements  are  of  Buch  a  period  as  to  be 
illected  by  the  longest  visible  waves,  the  red  of  the  spectrum, 
wiiile  the  other  is  dissociated  by  rays  corre.'^ponding  to  the  green 
of  the  spectrum  and  gives  rise  to  the  sensation  of  green.  If 
iJtt  red  and  green  groupings  are  dissociated  together  the  resulting 
efiwis  the  same  as  follows  from  the  dissociation  of  the  entire  yellow 
Moponent,  while  the  complete  dissociation  of  the  red,  green,  and 
bbe groupings  gives  the  stimulus  obtained  originally  from  the  disso- 
ciation of  the  whole  molecule,  and  causes  gray  sensations.  The  idea 
of  this  subdivision  or  difTerentiation  in  stnicture  of  the  original  gray 
mbrtance  is  indicated  diagrammaticall}-  in  Fig.  155.  The  theory 
leoounts  admirably  for  many  phenomena  in  vision,  and  is  perhaps 
(tpecially  adapted  to  explain  the  facts  of  color  blindness  and  the 
vwiations  in  quality  of  our  visual  seasations  in  the  peripheral  areas 
of  the  retina.  An  extension  and  modification  of  this  theory 
his  been  published  by  Schenck.*  He  assuiues  that  each  of  the 
three-color  perceiving  substances  is  compo.'ied  of  two  parts. 
One  part  which  acts  as  a  receiver  for  tlie  stimulus,  a  sort  of  an 
opiiral  resonator,  in  fact,  and  a  second  i>art  which  is  set  into 
letivity  by  the  receiver  and  gives  rise  to  the  corresponding 
color  sensation.  The  theory  is  very  elastic  in  its  adaptability 
to  the  various  kinds  of  color  blindness. 

Hi*  two  latter  theories  seem  to  imply  that  a  number  of  different  kinJa 
of  impulaes  may  be  transmitted  along  the  optic  fitwrs.  HerinR's  theory  re- 
HlBWi  tpparenilv  the  prissihility  of  six  quiilitativelv  different  iinpwlscs, — 
MBidy,  white,  bfack,  red,  green,  yeUow,  and  blue, — while  the  Franklui  theory 
■■BMi  impuiseH  corresponding  to  white  (gray),  red,  green,  yellow,  jind  blue. 
BiKkitDot  specifically  accounted  for  except  an  a  part  of  the  gray  series.  At 
pnitul  in  physiology  there  is  no  proof  that  nerve  impukce  can  difTcr  quali« 
^t!^:^  from  each  other,  aithouRh  it  may  be  urged,  perhaps  with  eqmU  force, 
tkat  tun  is  do  proof  that  they  can  not  so  differ.  Tlie  doctrine  of  specific 
(oergy  asaumes  that  nerve  impuleea  are,  aa  regards  quality,  always 

•Schenck,  "Archiv  f.  d.  gesammte  PhyHiologie, "  118,  129,  1907. 
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the  same,  and  differ  from  one  another  only  in  intensity,  the  qualitative  differ- 
ences that  exist  among  sensations  being  referred  to  a  difference  in  reaction 
in  the  end-organ  in  the  brun. 

Entoptic  Phenomena. — Under  the  tenn  entoptic  phenomena 
is  included  a  number  of  visual  sensations  due  to  the  shadows  of 
various  objects  within  the  eyeball  itself.  Ordinarily  these  shadows 
are  imperceptible,  owing  to  the  diffuse  illumination  of  the  interior 
of  the  eye  through  the  relatively  wide  opening  of  the  pupil.  By 
means  of  various  devices  the  illumination  of  the  eye  may  be  so 
controlled  as  to  make  these  shadows  more  distinct  and  thus  bring 
the  retinal  images  into  consciousness.  Some  of  these  eutopic  ^>- 
pearances  are  described  briefly,  but  for  a  detailed  description  the 
reader  is  referred  to  the  classical  work  of  Helmholtz.* 

The  Blood-corpusdes. — ^The  entoptic  images  that  are  most  easily 
recognized  i)erhaps  are  those  of  the  moving  corpuscles  in  the  cajnl- 
laries  of  the  retina.  If  one  looks  off  into  the  blue  sky  he  will  have 
no  difRculty  in  recognizing  a  number  of  minute  clear  and  dark  specks 
that  move  in  front  of  the  eye  in  definite  paths.  The  character  of 
the  movement  leaves  no  doubt  that  these  sensationsare  due  to  the 
shadows  of  the  blood-corpuscles.  In  fact,  the  shadows  often  show 
a  rhythmic  acceleration  in  velocity  synchronous  with  the  heart- 
beats, a  pulse  movement.  By  projecting  the  mo\'ing  images  upon 
a  screen  at  a  known  distance  from  the  eye  the  velocity  of  the  capU- 
lar>'  circulation  has  been  estimated  in  man. 

The  Retinal  Blood-ressels. — ^The  blood-vessels  of  the  retina  lie 
in  front  of  the  rods  and  cones  and  must  necessarily  throw  their 
shadows  upon  these  sensitive  end-organs.  The  shadows  may  be 
made  more  distinct  and  a  visual  picture  of  the  vessels  obtained  by 
a  numl)cr  of  methods.  For  instance,  if  a  card  with  a  pin  hole 
through  it  is  moved  slowly  in  front  of  the  eye  the  images  of  the 
blood-vessels  stand  out  in  the  field  of  vision  ^ith  more  or  less 
distinctness.  The  card  should  be  given  a  circular  movement.  If  it 
L«  kept  in  one  {x>sition  the  images  quickly  disappear,  since  the 
retina  apj>arcntly  fatigues  very  quickly  for  such  faint  impressions. 
A  more  iuipn»ssive  picture  may  l>e  o))tained  by  the  method  of 
Purkinje.  In  a  dark  nwrn.  one  holds  a  candle  toward  the  side  of  the 
head  in  such  a  position  as  to  give  the  sensation  of  a  glare  in  the 
corn»s|>onding  eye.  If  the  eye  is  dirocteil  towanl  the  opposite 
siiie  of  the  room  ami  the  cunille  is  kei)t  in  continual  circular 
movement  the  I »UhhI- vessels  appear  in  the  field  of  vision  magni- 
fietl  in  proportion  to  tlie  disianoe  of  projectinn:  the  picture  makes 
the  impr»»s.««ion  of  a  thicket  of  intorlartng  Itranches.  In  this  ex- 
|>eriment  the  liglit  from  the  randle  .<trikes  the  nasal  side  of  the 

*  llflmholt/.  "lUrivlluu'h  dor  {>liv^k>li>gi^>lion  Uptik. "  aecund  edition, 
I.  IS4. 
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rrtiiu  »t  an  oblique  angle  and  is  reflected  ti^wani  the  other  side 
of  the  globe.  The  blood-vessels  are  in  this  way  illuminated  from 
m  unusual  direction  and  their  shadows  are  thrown  upon  a  por- 
tKini)f  the  retma  not  usually  ;iffc*cteii  utid  tt>r  that  reason  perhajts 
moreaensitive  to  the  impressiem 

liKptrffctioM  in  the  Viireous  Humor  and  the  Lens. — Small  frag- 
meoteof  the  cells  from  which  the  vitreous  humor  was  constructed 
in  tike  enibrj'o  and  simi- 
lar relatively  opaque  ul>-       lA 
jetis  in   the   lens    may 
lhn)W  shadows   on   the 
rrtiiml  l>ottom.      These 
*ha(J<>ws    take    different 
f'>nii!,but  usually  are  de- 
^riW  as  small  spheres 

jL  or  beads,    single    or   in 

H|^>U[«,  that  move  with 

Httseyes  and  are  desig- 

^MImL  therefore,  as  the 
■OK*  volitant^s  (flitting 
fia  or  floating  flies) .   To 

faong  out  these  shadows  it  is  convenient  to  make  the  source  of  illu- 
amation  small  and  to  bring  it  at  or  nearer  than  the  anterior  focal 
(fiitaoceof  t-he  eye  (15  to  16  mma.}.  The  method  employed  for  this 
porpoae  bj'  Helmholtz  is  illustrated  in  Fig.  156.  In  this  figure  b 
Ib  a  candle  f!ame,  and  a  a  leas  of  short  focus  which  makes  an  image 
of  the  flame  at  the  small  opening  shown  in  the  dark  screen,  c.  The 
ffe is  placed  just  l)ehind  tJiis  ojx'ning  antl  is  illuminated  by  the  rays 
from  the  small,  bright  imago  of  the  flame  at  that  spot.  The  sliadowa 
•leieen  projected  upon  the  illuminated  surface  of  the  glass  lens. 


Fin-  156. — ^Helmbolti'ii  method  of  Btinwini;  an- 
toptic  phenoinermi  due  (o  iinf>erfections  in  the  lena 
and  vitreous  ihtimholU}:  e,  a  screen  with  pinhola: 
a.  lens  with  shon  (ocud. 
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CHAPTER  XDC. 
BINCXXTLAR  VISION. 

Vision  with  two  eyes  differs  from  monocular  vision  chiefly  Id 
the  varied  combinations  of  movements  of  the  two  eyeballs  and  the 
aid  thereby  afforded  in  the  determination  of  distance  and  size, 
in  the  enlarged  field  of  vision,  and,  above  all,  in  the  more  exact  per- 
ception of  solidity  or  perspective,  especially  for  near  objects. 

The  Movements  of  the  Eyeballs. — Each  eyeball  is  moved 
by  six  extrinsic  muscles  which  are  innervated  through  thre< 
cranial  nerves.  The  third  or  oculomotor  ner\'e  controls  the  intern* 
rectus,  the  superior  rectus,  the  inferior  rectus,  and  the  inferi* 
oblique;  the  fourth  cranial  nerve  (n,  pathcticus)  innervates  tX 
superior  oblique  alone;  and  the  sixth  cranial  (n.  abducens)  t' 
external  rectus  alone.  By  means  of  these  muscles  the  eyeballs  m.< 
be  given  various  movements,  all  of  which  may  l>e  considered  i 
rotations  of  the  ball  around  various  axes.  The  common  point  • 
intersection  of  these  axes  is  designated  as  the  rotation  point  4 
center  of  rotation  of  the  eyeball;  it  lies  about  13,5  mms.  back  of  tt 
cornea  in  the  emmetropic  eye.  The  various  axes  of  rotation  a 
pass  through  this  point,  and  we  may  classify  them  under  foil 
heads:  (1)  The  horizontal  or  sagittal  axis,  which  is  the  line  passin 
through  the  rotation  point  and  the  object  looked  at, — the  fixatio 
point.  This  axis  corresponds  practically  mth  the  line  of  sight,- 
that  is,  the  line  drawn  from  the  object  looked  at  to  the  middle  of  tfc 
fovea,  and  it  may  therefore,  without  serious  error,  be  spoken  of  t 
the  visual  axis.  Rotations  around  this  axis  give  a  wheel  movemet 
or  torsion  to  the  eyeballs.  (2)  The  tmnsverse  aids,  the  line  passin 
through  the  rotation  points  of  the  two  eyes  and  jx-rpendiculii 
to  1.  Rotations  around  this  axis  move  the  eyeballs  straight  u 
or  down.  (.'V)  The  %'ertical  axis,  the  vertical  line  passing  throuj? 
the  rotation  point  and  perpendicular  at  this  point  to  the  horizontj 
and  transverse  axes.  Rotations  around  this  axis  move  the  eyeba 
to  the  right  or  the  left.  (4)  The  oblique  axes,  under  which  are  in 
eluded  all  the  axes  of  rotation  pas.<5ing  through  the  rotation  point  a 
oblique  angles  to  the  horizontal  axis.  These  axe.s  all  lie  in  th 
equatorial  plane  of  the  eye.  and  rotations  around  any  of  them  mov 
the  eyeball  obliquely  upward  or  downward.  These  definitions  al 
have  reference   to  what  is  known  as  the  primary  position  of  tb 
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rres— that  is,  that  position  taken  by  the  eyes  when  we  look  straight 
brfofe  ufl  toward  the  horizon,— a  position,  therefore,  in  which  the 
I^De  of  the  horizontal  axes  is  parallel  to  the  ground;  all  other 
poations  of  the  eyes  are  sp6ken  of  as  secondary'. 

With  regard  to  the  movements  of  the  eyes  alxiut  its  axes  of 
rotation  the  following  general  statements  are  made:  Starting  from 
the  primani-  position,  rotations  of  the  eyes  about  the  vertical  axis — 
th»t  is,  movements  directly  to  right  or  left — may  be  made  by  the 
eofltmction  of  the  internal  or  the  external  rectus  as  the  case  may  be. 
RoUtions  around  the  transverse  axis— that  is,  movements  directly 
up  or  down — require  in  each  case  the  co-operation  of  two  muscles, 
lo  movements  upward  the  superior  rectus,  acting  alone,  would  in 


IU« » — a..M   I*    1    ir   i»_ii — ^      m  Hi 


fit  157.—"  DiasTmni  showing  for  the  left  eye  the  p«t.h»  of  the  line  of  siglit  raused  by  the 

•■■rflh*  ittfTerBut  eye-mu»c|p»  (Hering).  The  lionxniitu]  Jine  indicates m<ivemerit» out  or 
't^'WUMW  daKWM  mK  caufwd  by  the  contraction  nf  tlie  ititemnl  or  external  rectua.  Tba 
■"•J  Ka«i  ihow  the  amount  of  torsion  given  the  eyeball  by  the  nupenur  and  inferior 
J"*!*  ud  the  superior  and  infenor  obligne  when  eontraeting  Heparalely.  Tlio  tiiort 
'jAncr  line  at  the  end  of  the  pattu  indirjites  the  position  of  the  honxontal  meridian  at 
'■'"xluf  the  movet&ent."  R.  r.,  the  externaJ  r«clusi  R,  i.,  the  iuteniaJ  rectua;  ti.  S., 
w  VBarior  raeUia;  R.  in/.,  the  inferior  rectus;  0.  t.,  the  infenor  obliiiue;  tt.  S.,  the  supetior 


muting  the  eyeball  upward  also  give  it  a  slight  torsion  bo  as  to 
turn  the  upper  part  of  the  vertical  meridian  inward.  To  obtain  a 
Movement  directly  upward  (rotation  around  the  transverse  axis) 
Ihe  superior  rectus  and  inferior  obUque  must  act  together.  For 
»  similar  reason  rotation  directly  downward  requires  the  com- 
bined action  of  the  inferior  rectus  and  superior  oblique.  These 
iiclg  are  expressed  clearly  in  Hering's  diagram,  reproduced  in 
n?.  1,57,  which  indicates  the  paths  traversed  by  the  line  of  sight 
when  the  eyeball  is  moved  by  the  different  muscles  acting  sepa- 
rslely.  Rotation  of  the  eyeballs  around  oblique  axes  require 
^  co-operation  of  three  of  the  muscles :  movements  upward 
^  outward — the  superior  rectus,  inferior  oblique,  and  external 
•wtus;  movements  upward  and  inward — superior  rectus,  inferior 
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oblique,  and  internal  rectus:  movements  downward  and  outward — ■ 
inferior  rectus,  superior  oblique,  and  external  rectus;  movemcDls 
downward   and    inward — inferior   rectus,   superior   oblique,   and 
internal  rectus.     Most  of  the  movements  of  the  eyes  are  of  the 
latter    kind, — namely,    rotations    around    an    oblique    axis, — and 
the  position  of  the  axis  for  each  definite  movement  of  this  character 
may  be  determined  by  Listing's  law,  which  may  be  stated  as 
follows  :   When  the  eye  passes  from   a  primary  to  a  secondary ' 
position  it  may  be  considered  as  having  rotated  around  an  axis 
perpendicular  to  the  lines  of  sight  in  the  two  positions.     It  will 
be  noted  readily  from  observations  upon  the  movements  of  one's 
own  eyed  that  they  ordinarily  make  only  such  movements  as  will 
keep  the  lines  of  sight  of  the  two  eyes  parallel  or  will  converge 
them  upon  a  common  point.     In  movements  of  convergence  the 
internal  recti  of  the  two  eyes  are  associated,  while  in  symmetrical 
lateral  movements  the  internal  rectus  of  one  eye  acts  with  the 
external    rectus   of   the   other.     Under   normal   conditions   it  is 
impossible  for  us  to  diverge  the  visual  axes. — that  is,  to  associate 
the  action  of  the  external  recti.     A  movement  of  this  kind  would 
produce  useless  double  vision  (diplopia),  and  it  is,  therefore,  a  kind 
of  movetiient  which  jill  uf  our  experience  has  trained  us  to  avoid. 
The  Co-ordination  of  the  Eye  Muscles — Muscular  Insuf- 
ficiency— Strabismus. — In  order  that  the  eyeballs  may  move  with 
the  minute  accuracy  necessary  in  binocular  vision,  a  beautifully 
balanced  or  co-ortlinated  action  of  the  opposing  muscles  is  necee- 
sar\'.     The  object  of  these  movements  is  to  bring  the  jxjint  looked 
at  in  the  fovea  of  each  eye  and  thus  prevent  double  vision,  iliplopia 
(see  following  paragraphs).     This  object  i.s  attained  when  the  eye- 
balls are  so  moved  that  the  lines  of  sight  unite  upon  the  object  or 
point  looked  at.     In  \'«ewing  an  object  or  in   reading  we  keep 
readjusting  the  eyes  continually  to  bring  point  after  point  at  the 
junction  of  the  lines  of  sight.     When  we  look  before  us  at  a 
distant  oljjeet  the  muscles  in  each  eye  should  be  so  adjusted 
that   without   any    contraction   the   antagonistic    muscles    will 
just  balance  each  other — that  is,   when  the  eye  muscles  are 
entirely  relaxed,  except  for  their  normal  tone,  the  visual  axeflj 
should  be  parallel.     If  this  balance  does  not  exist,  we  have  a 
condition    designated    as    lieterophoria.     In    this    condition    aij 
constant  contractirm  of  one  or  more  muscles  is  required,  even' 
in  far  vision,  to  prevent  diplopia.     When  the  eye  at  rest  shows 
a  tendency  to  tlrift  toward  tlie  temporal  sitle,  owing  to  the  fact 
that  the  pull  of  the  external  rectus  overbalances  that  of  the 
internal  rectus,  the  condition  is  known  as  exojihoria.     If,  for  the 
opposite  reason,  there  is  a  tendency  to  drift  to  the  nasal  side,  the 
cimditiim  is  described  as  ^sophoria.     A  tendency  to  drift  up  or 
down  is  called  hyperphoria,  and.  this  ifi  further  specified  as  right 
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i.f  left  hyperphoria  fu-cording  to  the  eye  whose  axis  deviates 
upwsrtl.  A  lack  of  resting  balance  of  this  kind  will  make  itself 
fejt  also  in  near  work,  particularly  in  reading,  sewing,  etc.,  since 
it  trill  require  a  constantly  greater  innervation  of  the  iiiuscle 
whose  antagonist  overbalances  it.  Under  some  contlitioMs  the 
resulting  muscular  strain  causes  much  uueiisiness  or  distress. 
The  hctenvphorias  are  easily  detectetl  antl  measured  by  the  use 
(rf  prisms,  but  they  do  not  show  the  same  constancy  as  the 
refractive  errors  of  the  eye,  owing  pmlialily  u*  the  fact  that  they 
involve  the  variable  factor  of  niusmlar  tonus.  The  defect 
nuy  be  remedied  by  surgical  operations  upon  the  muscles  or 
by  the  use  of  proper  prisms  with  tlicir  bases  &n  adjusted  as  to 
belp  the  weaker  muscle.  In  exophoria,  for  example,  the  greater 
pull  of  the  external  rectus  rotates  the  front  of  the  eye  outward^ 
ihilethe  back  of  the  eye  with  the  fovea  is  nmved  inward  toward 
the  Dose.  A  prism  of  the  proper  strength  placed  before  the 
efewith  its  base  in  toward  the  nose  will  throw  the  image  of  an 
Otcntal  oliject  on  the  fovea  where  it  is,  witlntut  necessitating 
[1  contraction  of  the  internal  rectus  to  bring  the  fovea  back  into 
lis  normal  pc>sition.  When  the  lack  of  balance  between  the 
wpposing  muscles  is  so  great  that  the  visual  axes  cannot  by 
iiiuscular  effort  be  brought  to  V)ear  upon  the  same  pifints,  we 
hire  the  conditicm  of  stiuint  pr  .strabismus^  Such  a  condition 
may  result  from  a  deficiency  irT  strength  or  in  actual  |>uralysis 
™  <tf  one  iir  more  of  the  muscles,  or  from  an  overaction  in  some  of 
■  the  muscles  as  contrasted  with  their  antagonists. 
H^-jPie  Binocular  Field  of  Vision.— When  the  two  eyes  are  fixed 
^Rflka  given  pfiint,  placefl,  li-t  us  say,  in  front  of  us  in  the  metlian 
pine,  each  eye  has  its  own  visual  field  that  may  be  charted 
fcy  meatis  of  the  perimeter.  But  the  two  fields  overlap  for  a 
portion  of  their  extent,  and  this  ovcrlapjiing  area  constitutes 
the  field  of  binocular  vision  (si.>e  Fig.  158).  Every  fKiint  in  the  bin- 
octtltr  field  forms  an  image  iiptni  the  two  retinas.  The  most 
iniensting  fact  about  the  binocular  field  is  that  some  of  the  objects 
(ontaioed  in  it  are  .seen  .single  in  spite  nf  the  fact  that  there  are  two 
tctinal  images,  while  others  are  seen  or  may  l>e  .st-en  tloiible  when 
ooe'g  attention  is  cUrected  to  the  fact.  Whether  any  given  object 
i»»en  single  or  double  depends  ujkjd  whether  its  image  cUk^s  or  does 
not  fall  upon  correspfjnding  points  in  the  two  retina.s. 

Corresponding  or  Identical  Points. — By  definition  corre- 
*poniling  or  identical  jMmils  in  the  twi:  retinas  are  those  which  when 
ttnultaneously  stimulated  by  the  siinte  luminous  object  give  us  a 
sngle  sensation,  while  non-corresponding  points  are  those  which 
when  1*0  stimulut^^d  give  us  two  vLsual  sensiitioas.  It  is  evident, 
ffDm  our  experience,  tlmt  the  fove»  form  corresponding  poiivU  ox 
xxtt    ff'Jiea  we  took  at  any  object  we  so  move  our  eyes  l\\at  tY\e 
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images  of  the  point  ohservefi  shiill  fall  upon  symmetrical  parts  of  tfje ' 
two  fovea;  the  lines  of  sight  of  the  two  eyes  converge  upon  and 
meet  in  the  point  looked  at.  If.  while  obsemng  an  object,  we  press 
gently  upon  one  eyeball  with  the  enfl  of  the  finger,  two  images  are 
seen  at  once,  and  they  diverge  farther  and  farther  from  eacli  other 
as  the  pressure  upon  the  eyeball  is  increased.  Experiment  shows, 
also,  that,  in  a  general  way,  portions  of  the  retina  8>'nmietricaliy 
placed  to  the  right  side  of  the  fove*  in  the  two  eyes  are  cor- 
responding, and  the  same  is  true  for  the  two  left  halves  and  the  two 
upper  and  lower  halvas.  The  right  half  of  the  retina  in  one  eye  L» 
non-corresponding  to  the  left  half  of  the  other  retina,  and  vioe 


I 


Pit.  1&8. — ^PMimetor  chart  to  ahow  the  extent  of  the  hinneuJsr  viniuU  field  (shMlMl  M«k) 
whan  the  ey«B  •!«  fixad  UpoA  m  mcidian  itntnl  in  the  horiiontaJ  pli^na. 

veraa;  and  the  same  relation  is  true  of  the  upper  and  lower  halves, 
ipctively.  If  we  imagine  one  retina  to  \>e  lifted  without  turning 
laid  over  the  other  so  that  the  fove»  and  vertical  and  horizontal 
iriians  coincide,  then  the  corresponding  pointa  will  l>e  8uperpo«^ 
throughout  those  portions  of  the  retina  that  repreflent  the  binocul&r 
field.  This  statement,  however,  is  theoretical  only:  an  exact  point 
to  point  correspondence  has  not  been  determined  experimentally. 
Kxperiments  have  shown,  however,  that  the  corresponding  points 
in  the  upper  halves  of  the  retinas  along  the  vertical  mid-line  do 
not  cover  each  other,  tliat  is,  they  do  not  lie  in  the  actual  analotD- 
ical  vertical   meridian,   but   form   two  meridians  which  divcfjgt 
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fjauHirfeally  from  tlie  mid-line  so  as  to  make  an  angle  of  about 
idtpwt  (physiological  incongruence  of  the  retinas).  Within  the 
baits  of  our  powers  of  ohservation  for  ordinarj'  objects  we  may 
Adopt  Tscheminp's  rule, — namely,  that  when  the  images  of 
•a  object  on  the  two  retinas  are  projected  to  the  same  side  of  the 
point  of  fixation  they  are  seen  single,  their  retinal  images  in  this 

[unf&lUng  on  the  retina  to  the  same  side  of  the  lines  of  sight;  when, 
r,  the  retinal  images  fall  on  opposite  sides  of  the  lines  of 
•1^  Mid  are  projected  to  opposite  sides  of  the  point  of  fixation, 
ttraxe  seen  double.     The  doubling  of  objects  that  do  not  fall  on 

^eorresponding  points  (physiological  diplopia)  is  most  readily 
dmonstrated  for  objects  that  lie  between  the  lines  of  sight,  either 
doaer  or  farther  away  than  the  object  looked  at.  If,  for  instance, 
eoe  hol<is  the  two  forefingei^  in  front  of  the  face,  in  the  median 
plane,  one  hand  being  at  about  the  near  point  of  distinct  vision 
ud  the  other  as  far  away  as  possible,  it  will  be  noticed  that  when 
tk  eyes  are  fixed  on  the  far  finger  the  near  one  is  seen  double 
aAvice  versa.  In  this,  as  in  other  experiments  in  which  the  eyes 
tic  accommodated  for  one  object  while  the  attention  is  directed 
to  another,  some  difficulty  may  lie  experienced  at  first  in  disso- 
cuting  these  two  acts  which  normally  go  together,  hut  a  little 
pnctice  will  soon  enable  one  to  distinguish  clearty  the  doubling 
a  the  |H>inl  upon  which  the  lines  of  sight  are  not  converged. 
U I  long  stick  is  held  horizontally  in  front  of  the  eyes  the  end 
near  the  face  will  be  doubled  when  the  eyes  are  directed  to  the 
lir  end  and  vice  versa.  Moi-eover,  by  a  simple  experiment  it 
nay  \ie  shown  that  objects  nearer  the  eyes  than  the  point  looked  at 
vt  doubled  heteronymously, — that  is.  the  right-hand  image  be- 
lono  to  the  left  eye  and  the  left-hand  one  to  the  right  eye.  This  is 
easily  demonstrated  by  closing  the  eyes  alternately  and  noting 
»Md»  of  the  images  disappears.  The  reason  for  the  cross-projec- 
tiooof  the  images  is  matle  apparent  by  the  construction  in  Fig.  159, 
/■bearing  in  mind  the  essential  fact  that  in  projecting  our  retinal 
jnofxs  we  always  project  to  the  plane  of  the  object  upon  which  the 
fves  are  focused.  In  the  figure  the  eyes  are  converged  on  .4;  the 
nnaiBs  of  point  B  fall  to  fipposite  sides  of  the  lino  of  sight  and  are 
■em  double  and  are  projected  to  the  plane  of  ,4,  the  image  on  the 
ri^eye  being  projected  to  b'on  the  left  of  A  and  that  on  the  left  eye 
to  6  on  the  right  of  A.  In  a  similar  way  it  may  be  shown  that  ob- 
JRte farther  away  from  the  eye  than  the  point  looked  at  are  doubled 
haoxmyiDOUsly, — that  is,  the  right-hand  image  belongs  to  the  right 
ere,  and  the  left-hand  one  to  the  left  eye.  The  fact  L?  explained  by 
the  eoQstniction  in  Fig,  159,  //,  in  which  A  is  the  point  converged 
upon  and  B  the  more  distant  object.  In  all  binocular  vision,  there- 
Ion,  Um  aeries  of  objects  between  the  eye  and  the  point  looked  at  &re 
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(ioiililed  heteronymously,  and  those  extending  beyond  the  point  in 
the  same  line  are  doubled  homonymously.  Nommlly  we  take  no 
conscious  notice  of  this  fact,  our  attention  being  absorbed  by  the 
object  upon  which  the  lines  of  sight  are  dirt'ctetl.  Some  physi- 
ologists, however,  have  a&saimed  that  the  knowledge  plays  an  im- 
portant part  subconsciously  in  giving  us  an  ideji  of  depth  or  per- 
spective,— an  immediate  perception,  as  it  were,  of  Uie  distinction 
between  foreground  and  backgroimd.  It  Ls  usually  assumed  that  the 
explaruition  of  corresponding  points  is  to  be  found  in  the  anatomical 
arrangement  of  the  optic  nerve  fibers.  Those  from  the  right  halves 
of  the  two  rethiaa,  which  are  corresponding  lialves,  unite  in  the 


Fie.  ^•>^- — Diaprains  to  show  bomonynioiw  ami  liclpronymous  diplopia:  In  /  tha  ayBi 
arefoctued  on  A:  tnc  iinaKe-n  of  fi  Call  on  non-oorresjK'mfling  poitits, — tlial  is.  to  different 
■idM  of  the  fovoip, — ami  are  seen  double,  being  pmjecled  lo  the  plane  nf  --I.  Ki\-in|t  heter- 
onyinoufl  liiplopia.  In  //  the  eyea  are  foeuaed  un  tlio  nearer  point,  A,  and  the  farther  point. 
Bf  forma  images  on  non-cmrrBsponding'  points  and  in  seen  double, — nomoDymous  diplopia, 
—the  iroagea  being  projected  to  the  focal  plftne  A. 

right  optic  tract  and  are  distributed  to  the  right  side  of  the  brain, 
while  the  fibers  from  the  left  lialves  go  to  the  left  siiie  of  the  brain. 
The  basis  of  the  single  sensation  from  two  visual  images  is  to  be 
found  probably  in  the  fact  that  the  cerebral  terminations  through 
which  the  final  p.sy  chical  act  Is  mediated  lie  close  together  or  poijsibly 
unite. 

The  Horopter.^ — In  every  fixed  jMsition  of  the  eyes  there  are 
a  certain  number  of  point.s  in  the  binocular  field  which  fall 
uf)on  corre.sjx>nding  points  in  the  two  retinas  and  are  therefore 
seen  single.  The  sum  of  these  points  is  designated  as  the  horopter 
for  that  position  of  the  eyes.  It  may  be  a  straight  or  curved  line, 
or  a  plane  or  curved  surface.  Helmholtz  calls  attention  to  the  fact 
that,  when  .standing  with  our  eyes  in  the  primary  position, — that 
is,  directed  toward  the  horizon, — the  horopter  is  a  plane  coinciding 
with  the  ground,  and  this  fact  may  possibly  be  of  service  to  us  in 
walking. 

Suppression  of  Visual  Images, — It  happens  not  infrequently 
that  when  an  image  of  an  object  falls  upon  non-corresponding 
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in  the  two  retinas  tKe  iiiiikI  ignores  or  suppresses  one  of  the 
This  peculiarity  Ls  exhibited  e^specially  in  the  case  of  per- 
sons suffering  from  "squint"  (strabismus).  In  this  condition  the 
individual,  for  one  rea.snn  or  another,  is  unable  to  adjust  the  contrac- 
tions of  his  eye  inusck-s  t^f)  as  to  unite  his  bne.s  of  d^ht  upon  the 
object  looked  at.  The  image  of  the  objeet  falls  ujKin  non-corre- 
sponding points  and  shoukl  give  double  vision,  diplopia.  Tlu.s 
would  undoubtedly  be  the  case  if  the  condition  came  on  suddenly ; 
just  as  double  vision  results  when  we  dislocate  one  eyeball  by 
pressing  .slightly  ujwn  it.  But  in  t-ases  of  long  standing  one  of  the 
images,  that  from  the  abnonnal  eye,  is  usually  suppressed.  The 
act  of  suppre.ssion  seem.s  to  be  a  ca.se  of  a  stronger  stimulus  prevail- 
ing over  a  weaker  one  in  consciousness,  just  as  a  painful  sensation 
from  stimulation  of  one  part  of  the  skin  may  be  suppressed  by  a 
stronger  pain  from  some  other  region. 

Struggle  of  the  Visual  Fields. — When  the  images  of  two  dis- 
similar object*?  are  thrown,  one  on  each  retina,  the  mind  is  presented, 
BO  to  speak,  simultaneously  with  two  different  sensations.  Under 
such  circurastance.s  what  is  known  as  the  struggle  of  the  \'i.sual 
fields  ensues.  If  the  miage  on  one  eye  con.sisti*  of  vertical  tine.'? 
and  on  the  other  of  horizontal  lines  we  see  only  one  fiekl  at  a  time, 
first  one  then  the  other,  or  the  field  is  broken,  vertical  lines  in  part 
and  horizontal  lines  in  part;  there  is  no  genuine  fu.sion  into  a  con- 
tinuous, constant  picture.  The  struggle  of  the  two  fietd.s  is  better 
Sjstrated  when  different  colors  are  thrown  on  the  two  retina.s. 
hen  red  antl  yellow  are  sui>crpoaed  on  one  retina  we  obtain  a  com- 
und  sensation  of  orange;  if  they  are  thniwn  one  on  one  retina, 
one  on  the  other,  no  such  fusion  takes  place.  We  see  the  field 
aJteniately  red  or  yellow  or  a  mixture  of  part  red  and  part,  yellow, 
or  at  times  one  color,  as  it  were,  through  the  other.  If,  however, 
one  field  is  white  and  the  other  black  a  peculiar  sensation  of  glitter 
b  obtained,  quite  unlike  the  luiiform  gray  that  would  result  if  the 
tiekU  were  super]X)sed  on  one  retina. 

Judgments  of  Solidity, — Our  vision  gives  us  knowledge  not 
\y  of  the  surface  area  of  t)l)jects,  but  also  of  their  depth  or  solidity, 
it  is,  from  our  \'isual  sen.sations  we  obtain  conceptions  of  the 
iree  dimensions  of  space.  The  visual  sen.satit>ns  upon  which  tliis 
Bonoeption  is  built  are  of  several  different  kinds,  jmrtly  monocular, — 
H^t  is,  such  as  are  perceived  by  one  eye  al<»ne, — partly  binocular. 
Hve  cloae  one  eye  and  look  at  a  bit  of  landscajje  or  a  solid  object 
^  are  eottscious  of  the  perspective,  of  the  right  rclatiou-s  of  fore- 
groun<I  and  background,  and  those  individuals  who  have  the 
fortune  to  lose  one  eye  are  still  capable,  under  most  circum- 
ioee,  of  correct  visual  judgments  concerning  three  dimen- 
il  8pace.  Neverthele&s  it  is  tnie  that  with  binocular  vision 
24 
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our  Jiulgments  of  persjiective  ure  morf  pfrfoct,  and  that  under 
certain  circumstancos  data  are  obtiiined  from  vision  with  two  eyes 
which  give  us  an  idea  of  solidity  far  more  real  than  can  be  obtained 
with  one  eye  alone.  Thi;*  difference  is  shown  especially  in  the 
combination  of  stereoscopic  pictua^s,  and  in  oRliuar\-  vision  when 
the  light  is  dim,  a.s  in  twilight,  or  in  exact  judgments  of  perspective 
in  the  case  of  objecljii  clo.-<e  at  hand.  If,  for  example,  we  close  one 
eye  and  attempt  to  thread  a  neeille,  light  a  pipe,  or  make  any  similar 
co-ordinated  naovenient  tliat  dcjx'nds  upon  an  exact  judgment  of 
the  distance  of  the  object  away  from  us,  it  will  be  found  that  the 
resulting  movement  is  far  less  fxrfectly  jKTfomie<l  than  when  two 
eyes  are  used.  The  sensation  elements  upon  wliich  our  judgment^. 
of  depth  or  perspective  arc  founded  may  be  classified  as  follows:* 

The  ^fonoallar  Elements. — That  is,  those  that  are  experienceA 
in  visioti  with  one  eye.  (a)  Aerial  perspective.  The  air  is  not  en- 
tirely transj>arent,  and,  therefore,  in  viewing  landscapes  the  more 
distant  objects  are  less  distinctly  seen,  as  is  illustrated,  for  instance, 
by  the  haze  covering  chstant  raotmtains.  This  experience  leads  tu 
sometimes  to  make  erroneous  judgments  when  the  conditions  are 
unusual.  An  object  seen  suddenly  in  a  fog  looms  largo,  as  the 
expression  goes,  since  the  feeling  that  hazy  objects  are  at  a  great 
distance  leads  us  to  give  a  proportional  overvaJuation  to  the  rela- 
tively large  visual  image  matJe  by  the  near  object. 

(b)  Maihcmatical  perspediiv.  The  outlines  of  objects  before 
us  are  projected  ujwn  the  surface  of  the  eye  in  two  dimensions  only, 
just  as  they  are  represented  in  a  drawing.  The  lines  that  indicate 
depth  are  therefore  foreshortened,  and  lines  really  parallel  tend  to 
converge  more  and  more  to  a  vanishing  point  in  prtiportion  to  their 
distance  away  from  us.  When  one  stands  between  the  tracks  of  a 
railway,  for  instance,  this  convergence  of  the  parallel  Unes  is  dis- 
tinctly apparent.  We  have  learned  to  interpret  this  mathematical 
perspective  correctly  and  with  great  accuracy.  The  use  of  this 
perspective  in  drawings  is,  in  fact,  one  of  the  chief  means  emplo3red 
by  the  artist  to  jirtKluce  an  impression  of  dej)th  or  solidity.  For 
dLstttJit  r)bjeet.s  at  least  tliis  fartor  is  probably  the  most  potent  oi 
those  that  can  l>e  appreciated  by  monocular  vision. 

The  importance  of  the  nmtliematioal  pervpeetix'v  for  our  visu&l  judKiueots 

mny  \*e  ]11ui>triitiMl  vp.rv*  strikingly  by  a  simple  •'       :'    -  'it.     If  one  takes  a 
bicrduix  l<  11^  I'i  ^liort  focus  sind  xtHnding  at  a  w  i  Inoks  out  upon  a 

Ifirr-    •  '    '  '    'tie  lens  in  fmnt  of  the  eyes  at  inm  -  ■■  tidth  he  will  l>e  able 

t^i  ^  on  the  invertwi  imftjre  fonncd  by  the  lens,  that  ncU  ooljr 

ar'  ''-jI  iiit  reifftnJs  their  surface  feat urv»,  but,  f<>r  rim^f    iwriviaa 

At  i>crKfK«clive  \n  hIw)  inverted.     Objects  actually  in  tl  tad 

»ii  111  the  bnck^intund,  and  one  may  have  the  curiou*-  -  -  ol 

WaU-liiiiK  (.fTwinit  who,  KM  tiiey  wnlk,  M*i>ni  to  ivede  farther  an>l  i4Utt,<.T  lOlO 

•  .s<.   I  .  <  -iiitc,  ".Sigiit,"  vol.  31  of  "  The  Inlcroatiunal  .'^cu'tUiGc 
Ittl. 
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ta  spite  of  the  fact  that  they  continue  to  increase  in  MM.    Tbt 

naoscopic  vision  thus  produced  is  due  undoubtedly  to  tllB  in- 
inea  of  perspective.  Parallel  lines  which,  without  the  lens, 
Jii  have  on  the  retina  a  projection  of  this  kind  /v  are  with  the  lena  projected 
bmtad  ^i  and  our  visual  judgments  are  uutitrulli-d  by  ihLs  factor  Lii  spite 
of  tlte  oppoong  evidence  from  tlie  eize  of  the  retinal  images.  In  order  for 
(ticBptnnient  to  succeed  it  in  neceaisary  that  the  ubjecti:)  viewed  shiiU  be  far 
^Tawar  w  lliat  a  flat  picture  may  be  given  by  the  lens,— that  is,  a  pic- 
I  m  which  the  foci  for  the  nca.r  points  shall  not  ditTer  practically  from  those 
idiotont  points,  otherwise  the  muscular  {iiovementu  uf  accommodation 
•  with  the  delusion.  The  rclutivi^  importance  of  this  laal  factor 
(m  mooeediitg  paragraph)  is  well  illustrated  by  varying  the  cxpcrtinent.  in 
itiiinjr:  PLioe  two  objects  upon  u  weU-tighted  table,  one  at  the  near  end 
a^OM  at  tbe  far  end.  Then  standing  close  to  the  table  view  thosc  objects 
(tPBOgh  the  fens  as  before.  They  will  be  seen  in  their  right  relations  to  each 
fttv.  If,  however,  one  backs  away  from  the  table  while  watching  the  images 
tknwiO  eonoe  a  distance  at  which  the  near  object  will  be  seen  to  shift  around 
,  ID  the  lear  of  the  far  object. 


(e)  The  Muscle  Serise  (Focal  Adjiistmeni). — For  objects  near 
Iftiou^  to  require  accommodation  it  is  obvious  tliat  the  nearer 
object  will  need  a  stronger  contraction  of  the  ciliary  muscle,  and 
«fa>  of  the  internal  rectus  in  order  to  bring  the  line  of  sight  to  bear" 
(ometly.  By  means  of  the  fibers  of  muscle  sense  we  have  a  verv 
«4rt  conception  of  the  degree  of  contraction  of  these  muscles,  and 
this  .sensation  is  perhaps  the  most  importunt  factor  used  in  making 
our  monocular  judgmente  of  depth  for  objects  at  a  short  di;stance. 
in  buwcular  vision  the  sat:ie  factor  is  doubtless  of  bicreased  effi- 
pney  by  reason  of  the  sensations  obtained  from  the  two  eyes. 

(d)  The  disposition  of  lights  and  shftdes  and  the  size  of  familiar 
AjeiU.  It  may  he  assumed  that  in  distant  vision  of  complex 
fidds  the  varying  lights  and  shades  exhibited  by  objects  according 
u  they  stand  in  front  of  or  behinrl  each  other  also  aid  our  judg- 
OMnt  The  actual  size  also  of  the  retinal  images  of  familiar  objects — 
meh  u  animals,  trees,  etc. — gives  us  an  accessory  fact  which  con- 
tnbatee  to  the  impression  cierived  from  the  sources  mentioned 
ibove.  These  factors  are  employed  with  effect  by  the  artist  in 
■ticsgthening  the  general  impres.sion  which  he  wishes  to  give  of 
the  difference  between  the  foreground  and  the  background. 

The  Binocular  Perspective. — In  binocular  vision  there  is  an 
•ddiiioDal  element  wliich  contributes  greatly  to  our  judgment  of 
depth.  This  element  consists  in  the  fact  that  the  retinal  images 
rf external  objects,  particularly  near  objects,  are  different  in  the  two 
<?««.  Inasmuch  as  the  eyes  are  separated  by  some  distance  the 
pTDJcciion  of  any  solid  object  upon  one  retina  is  different  from 

tthe  projection  on  the  other.  If  a  inmcated  pyramid  is  held  in 
Itmi  of  the  eyes,  the  right  eye  sees  more  of  the  right  side,  the  left 
niore  of  the  left  side.  '1  ho  projection  of  the  same  object  upon  the 
t»fj  retinas  may,  in  fact,  be  represented  by  the  drawings  given  in 
^ifr  160.    Whenever  this  condition  prevails,  whenever  what,  \iit 
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Fig.  li}«. — Right-  aiitl  left-«yed  images  of  lninc«te<l 
pyrambl.  Uay  bw  oombinnl  Ui  prodiioe  solid  itnaKe  by 
relaxing  tlie  nco>iinriio<Jatiiin, — |list  is.  gasioc  to  a  di»- 
lance  tarougb  the  tx>ok. 
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may  rail  a  rip;ht-f\'0(l  imap;e  of  an  object  is  thrown  on  the  right  eye 
and  sjjnultaneously  a  left-fvetl  image  on  the  left  eye,  whethor  in 
nature  or  by  an  artifice,  we  at  onee  pe^cei^'e  depth  or  solidity  in  the 
object.  Thi.'?  fact  Ls  made  use  of  in  all  devices  employed  to  produce 
stereoscopic  vision. 

Stereoscopic  Vision.— ^Stereoscopic  pictures  may  i)e  obtained 

by  photographing  the 
same  object  or  collec- 
tion of  objects  from 
slightly  different 
ix)ints  so  as  to  get  a 
right-eyed  and  a  left- 
eyed  picture ;  or  for 
simple  outline  pic- 
tures, such  as  geo- 
metrical figures,  they 
may  be  omde  by  draw- 
'higs  of  the  object  as  seen  by  the  two  eye.s,  respectively  (see  Figs. 
KKl  and  1(>2).  Any  optical  device  that  will  enable  us  to  throw  the 
right-eyed  picture  on  the  rif^fit  eye  :ind  the  left-eyed  picture  on 
the  left  eye  constitutes  a  stereoscope.  Many  different  forms  of 
Btereoscojx'    have   been   devised; 

the  one  that  is  moist  fre<juently     A 

Ufiod    i.s  the   Brcirsler  Mcreoscope  ■\         \  / 

represented  in  principle  bi  Fig. 
Hil.  Each  eye  views  its  corre- 
sponding picture  through  a 
cun'ed  pri.sm.  The  sight  of  the 
left-cyed  picture  is  cut  off  from 
the  right  eye,  and  ^ice  virsa,  by 
a  partition  extcniling  for  s^ome 
di.stance  in  the  median  plane. 
The  prisHLs  arc  placed  with  their 
bases  outwarti  and  the  rays  of 
light  from  tho  pictures  are  re- 
fractfit,  a.s  .shown  in  the  diagram, 
«)  a.s  to  aid  the  eyes  hi  converg- 
ing their  lines  of  sight  ujx>n  tlie 
same  object.  The  prisms  also 
magnifj'  the  pictures  somewhat. 
Stereoscopic  pictures  are  mounted 
usually  for  this  instrument  so  that 
the  distance  between  the  same 
object  in  the  two  pictures  is  alx)ut  80  nuns. — greater,  therefore,  than 
the  interocular  distance.    A  simple  form  of  stereoscope  that  is  very 


KB 


it.   101,-  Diacram  to  illuiitnte  the 
pie    of    the    BrewB(«r    stereoscope 


.LandoU) :  P  and  P",  the  prisiuK.  o,  b, 
and  «,  p.  the  left-onrl  ri-'ht-eycjl  pictures, 
respectively,  b.  P,  being  «  point  in  the 
foreground  atro  a,  a,  a  point  in  the  tnek- 
KTOund.  The  eyes  are  eonverged  and 
toouscd  separately  for  eaeh  point  as  in 
viewing  naturally  ao  object  ol  three  di- 
mensions. 
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ffective  and  interesting  is  sold  innlor  the  name  of  the  annghjph. 

he  two  pictures  in  this  casse  arc  approximately  super{KJsed,  but  the 
outlines  of  one  are  in  blue  and  the  other  in  n?d.  When  looked  at, 
therefore,  the  pieture  gives  an  ordinary  Hat  %'iew  with  confused 
red-blue  outlines.  If,  however,  one  holds  a  [jieee  of  red  glass  in 
front  of  the  left  eye  and  apiece  of  blue  glass  in  front  of  the  right  eye, 
or  more  conveniently  uses  the  pair  of  speetaeles  provided  which 
have  blue  glass  on  one  side,  red  on  the  other,  then  the  pieture  stands 
out  at  once  in  solirl  relief  with  surprising  <listitu"t!iess — and  as  a 
blaek  and  white  object  only.  The  red  and  blue  ghusses  in  this  ease 
simply  serve  to  throw  the  right-eyed  image  on  the  rigJu  eye  and  the 
left-eyed  image  on  the  left  eye.  Assuming  that  the  right-eyed 
image  is  outlined  in  red,  then  the  blue  glass  should  Ik?  in  fnmt  of  the 
right  eye.  This  glas-s  will  al)sorb  the  reti  rays  eompJctely  so  that 
the  red  outlines  in  the  picture  will  seem  black  ami  a  distinct  right- 

yed  picture  is  thrown  on  the  right  eye,  distinct  enough  to  make  us 
overlook  the  much  fainter  image  in  blue,  which  is  also  trans- 
mitted through  the  blue  glass.     The   n?(l   gla.ss   Ijcforc  the  left 

ye  cuts  out,  in  the  same  w:iy,  the  riglit-eyed  image  and  pi-esents 
dark  outline  tlie  left-eyed  image.  Hy  simply  jxjversiiig  the 
spectacles  the  right-eyed  image  may  be  thrown  upon  the  left  eye 
»nd  vice  virsa.  Under  these  conditions  the  picture  for  most  per- 
eoits  may  be  seen  in  inverteil 
J^ljef  (pseudoscopic  vision), 
|objec-tii  in  the  foregrounci  le- 
ling  into  the  background. 
'This  inversion  of  the  relief 
when  the  projection  upon  the 
retinas  xa  reversed  Is  a  .strik- 

g  indication  of  the  potency 

f  the  normal  projection  jis  a 

ctor   in   our  judgments  of 

lid  objects.     It  will  l>e  ob- 

rve<l,  moreover,  that  those 
tures     that    show     least 

afhematical  perspective  are  the  most  reatlily  inverted,  and  that 

e  nbility  to  invert  the  picture  varies  in  different,  indiviiiuals;  in 

me,  what  we  huve  called  the  liinocular  pei-spective,  founded  upon 

,e  dissimilar  images,  prevails  over  the  mathematical  perspccti\e 

ore  readily  than  in  others. 
Stereoscopic  pictures  may  also  be  combined  ver>'  succes-sfully 

thout  the  use  of  a  stereoscoiw  by  virtue  of  the  phenomenon  of 

lysiological  diplopia.     If,  for  instance,  two  stereoscopic  drawings, 

ch  as  are  represented  in  Fig.  162,  are  held  liefore  the  eyes  and  ime 
km  »ccommodation  so  as  to  h>ok  through  the  pictures,  as  it 


Fig,  16i — Sten^nwofiic  jjii'ture  of  an  octahe- 
(iral  crystal.  May  be  combmctl  .storeoscopically 
by  relaxing  the  acroiiimcMiAtior>  by  the  methoii 
of  beteroDvmcitu  diplopia.  Ilolii  the  object  at  b 
cUMtance  of  a  foot  or  more  anil  gase  beyond. 
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were,  to  a  point  beyond,  then,  in  accordance  with  what  was  stat«?cf 
on  p.  367,  each  picture  gives  a  double  image,  since  it  falls  on 
non-corresponding  parts  of  the  two  retinas.  Four  pictures,  there- 
fore will  l:>e  seen,  all  out  of  focus.  With  a  little  practice  one  can  so 
converge  his  eyes  as  to  make  tiie  two  iiiidillf  images  come  together, 
and  since  one  of  these  Ls  an  image  of  the  right-eyed  picture  iind  is 
falling  on  the  right  eye,  and  the  other  is  a  left-eyed  picture  falling 
on  the  left  eye,  the  combination  of  the  two  fulfills  the  necessar>" 
conditions  for  binocular  perspective.  The  figure  i^tands  out  in 
bold  relief. 

Explanation  of  Binocular  Perspective. — Our  perception  o( 
solidity  or  relief  is  a  secondary  ps\'chical  act,  and,  so  far  as  tlie  binoc- 
ular element  is  concerned,  it  is  based  upon  the  fact  that  the  imaged 
are  slightly  different  on  the  two  retinas;  but  why  this  diasimikritv' 
should  produce  an  iMercnce  of  tliis  kind  is  not  entirely  undexstood- 
Certain  facts  have  been  pointed  out  as  having  a  probable  bearing^ 
upon  the  mental  proce.ss.  In  the  first  place,  in  stereoscopic  pictures, 
as  in  nature,  we  do  not  see  the  wliole  field  at  once.  To  see  the  ob- 
jects in  the  foregnnmd  the  ej'elvails  must  be  converged  by  the  eye 
muscles  so  that  the  lines  of  siglit  may  meet  in  the  object  regarded. 
When  attention  is  paid  to  objects  in  the  background  less  convergence 
is  necessary  (see  Fig.  159).  The  jwint  of  fixation  for  the  lines  of 
sight  is  kept  continually  moving  to  and  fro,  and  the  sensation  of 
this  muscular  moNcmcnt  undoubtedly'  plays  an  important  part  in 
gi\'ing  us  the  iilea  of  depth  or  solidity.  For  persons  not  practised 
in  the  matter  of  observing  stereoscopic  pictures  the  full  idea  of  relief 
comes  otit  only  after  tliis  muscular  activity  has  been  called  upon. 
But  for  the  practised  e3'e  this  play  of  the  muscles  is  not  absolutely 
necessary.  The  stereoscopic  picture  stands  out  in  relief  even  when 
illuminated  momentarily  by  the  light  of  an  electric  spark.  The  per- 
ception of  solidity  in  this  case  i.s  inst^antanewis,  and  it  has  been  sug- 
gested that  this  result  may  depend  upon  the  immediate  recognition 
of  physiological  diplopia, — that  is,  the  fact  that  objects  nearer  than 
the  point  of  fixation  are  doubled  heteronymously,  while  those 
farther  away  are  doubled  homonymously  (see  p.  367).  Such  an 
effect  can  only  be  produced  distinctly  Ijy  objects  having  depth 
and  jMJSsibly  in  the  case  of  the  trainetl  eye  it  alone  is  sufficient  to 
give  the  immediate  inference  of  solidity  or  relief,  while  the  tin- 
trained  eye  requires  the  accessory  sensations  aroused  by  focal 
adjustment,  mathematical  f)ei-spective,  etc. 

Judgments  of  Distance  and  Size. — Judgments  of  distance 
and  size  are  closely  related.  Our  judgments  regarding  size  are 
based  primarily  upon  the  size  of  the  retinal  image,  the  amount  of 
the  visual  angle.  This  datum,  however,  ia  sufficient  in  itself  only 
for  objects  at  the  same  distance  from  us.     If  they  are  at  different 
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ranees  or  we  suppose  thnt  auch  is  the  cat^e,  our  _ 
distance  controls  our  judgment  of  size.  This  fact  is  beautifully 
shown  in  the  case  of  after-irtuifics  (see  [i,  3-f{i).  When  an  after- 
image of  any  object  is  obtaiiied  on  the  retina  our  judgment  of  its 
size  depends  alt-ogether  on  the  distance  to  whicii  we  project  it. 
If  we  look  at  a  surface  near  at  hand,  it  seems  small ;  if  we  gaze  at  a 
wall  many  feet  away  it  is  at  once  greatly  enlargetL  The  familiar 
stance  of  the  variation  in  the  size  of  the  fuil  moon  according  as  it 
'^Ikseen  at  the  horizon  or  at  the  zenith  depends  upon  the  same  fact. 
The  distance  to  the  horizon  as  viewed  along  the  surface  of  the  earth 
seems  greater  than  to  the  zenith;  we  picture  the  heavens  alx)ve  us 
as  an  arched  dome  flattened  at  the  top,  and  tience  the  same  size  of 
retinal  irauge  is  interpreted  as  larger  when  we  suppose  that  we  see 
it  at  a  greater  dwtance.  Our  judgments  of  distance,  on  the  other 
hAnd,  depend  primarily  ujwn  the  data  alread}'  enumerated  in 
speaking  of  the  perception  of  solidity  or  depth  in  the  visual  field. 
For  objects  within  the  limit  of  acconunodation  we  depend  chiefly 
on  the  muscle  sense  amused  by  the  act  of  focusing  the  eyes, — that 
is,  the  contractions  of  the  ciliary  aiul  of  the  extrinsic  museies.  For 
objects  outside  the  limit  of  accommodation  we  are  influenced  by 
binocular  perspective,  mathematical  perspective,  aerial  perspective, 


Fis-   10<{. — MuUer-Ljrer  figures  to  show  illiinion  in  sp&ce  percoption. 

are  of  the  name  lengtli. 


The  linea  A  And  B 


» 


etc.  But  here  again  our  judgment  of  distance  is  greatly  influenced 
in  the  case  of  faniiliar  objects  by  the  size  of  the  retinal  image.  A 
striking  instance  of  the  latter  fact  is  obtained  by  the  use  of  field 
glasses  or  opera  glaase^.  When  we  look  through  them  properly 
the  aze  of  the  retinal  image  is  enlarged,  and  the  oltjects,  therefore, 
seem  to  be  nearer  to  us.  If  we  reverse  the  glasses  and  look  through 
the  large  end  the  size  of  the  retinal  image  is  reduced  and  the  objects, 
therefore,  seem  to  be  much  farther  away,  since  under  noniial  condi- 
tions such  small  images  of  familiar  objects  are  formed  only  when 
they  are  at  a  great  distance  from  us. 

Optical  Deceptions. — Wrong  judgments  as  regards  distance 
and  size  are  frecjuently  made  ami  the  fact  may  be  illu.strated  in  a 
number  of  interesting  ways.  Thus,  in  Fig.  Iti.'^  the  lines  A  ami  B 
jifp  of  the  same  length,  but  B  seems  to  be  distinctly  the  longer.  So 
in  Fig.  164  the  vertical  lines,  ahhough  exactly  parallel,  seem,  on 
the  contrar>',  to  run  oblitpiely  with  reference  to  one  another.  Both 
of  these  deceptions  depend  apparently  upon  our  inabihty  to  estimate 
angles  exactly;  we  undervalue  the  acute  angles  and  overvalue  those 
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that  are  obtuse.    A  very  remarkable  delusion  is  given  by  Fig.  165. 
If  the  book  is  held  flat  at  the  level  of  the  chin  and  six  or  eight 


\ 


\\ 
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Fir  164.— ZAUner's  Udm. 


inches  fron>  the  face  and  the  eyes  are  focused  on  the  point  of 
intersection  of  any  two  of  the  lines,  a  third  line  will  be  seen  per- 


H«.  IA.V— Optinl  iUwioa  in  proiection.— (^^wnJUm.) 


p«Didicular  to  the  plane  of  the  other  two,  and  projecting  vertically 
from  the  :«urface  of  the  page.  A  row  of  these  vertical  lines  will 
be  seen  if  the  distance  is  pro|>erIy  chosen.     As  one  l)ends  the 
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Head  from  side  to  skle  the  lines^  sway  in  the  same  dii-ection.     It 
formi>  ii  very  strikinp  instance  of  the  fact  that  we  may  see  most 
listinctly  a  thing  that  has  no  real  existence, — a  case,  therefore, 
Rn  which  we  can  not  trust  our  senses.     The  tlelusion  seems  to  be 
due  to  the  fact  that  the  two  lines,  in  the  position  indicated,  form 
^L^  projection  on  the  retina  such  a.s  would  be  made  by  an  actual 
^■rertical  rod  placed  at  the  point  at  which  we  see  one.     Fig.  Kiij 
Hgives  an  interesting  illustration  of  the  way  in  which  our  judg- 
ment of  solidity   may   vary   with  our  interpretation  of  mathe- 
matical perspective  and  shading  when  these  factors  are  arraugotl 
HAo  give  more  than  one  choice.     If  the  figure  is  looked  at  steadily 
^^t  may  assume  several  different  appearances;  two  are  especially 
prominent.     We  may  see  two  cubes  resting  upon  a  third  one, 
each  with  the  black  side  undermost,  or  we  may  see  one  cube  rest- 
ing on  two  under  ones,  each  with  its  black  side  uppermost.     Our 
judgment  in  the  matter  changes  from  one  interpretation  to  the 
■other  without  any  apparent  cause.     That  the  act  of  acc-ommoda- 
ion  plays  a  part  in  the  changes  is  shown  by  the  fact  that  if  one 


■  Fic    l<M— FigOM  to  lOuatmto  binooutar  deoeiitionA  deiwndinR  u^ion  (lifTerent  inter* 

rstetattooi  ot  the  mathamatloal  p*r>peetive  &nJ   the  lighu  iinil  ntuuJes.     On  ga«in^  fixedly 

the  iina0»  will  cliane^  from  •  nnsle  cube  with  block  top  reatinx  on  tmo  others  with  block 

tope,  to  one  of   two  cubes  with  black  bottoms   restiog  upon  a  jungLe  cube  with  black 

Still  other  figures  may  appear  from  time  to  time. 


^focua 


ocuses  foi  the  point  a,  this  point  may  be  held  in  the  foreground 
and  the  second  of  the  al)Ove  appearances  be  seen.  While  if  the 
eyes  are  accommodated  strongly  for  point  b,  it  will  be  brought 
rward  and  the  first  of  the  two  appearances  described  is  brought 
to  view. 
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CHAPTER  XX. 

THE  EAR  AS  AN  ORGAN  FOR  SOUND  SENSATIONS, 

In  discussing  the  physiology'  of  the  ear  it  is  necessary  to  consider 
the  functional  inifwrtance  of  ita  various  parts,  the  external  ear 
consisting  of  the  lobe  or  pinna,  the  ext^^rnal  auditon'  meatus,  and 
the  tympHnic  membrane;  the  middle  ear,  with  its  chain  of  ossicles, 
its  muscles  and  ligaments,  and  the  l']u5tachian  tube;  and  the  internal 
ear,  with  it,s  cochlea,  vestilnile  (utriculus  and  sacculus),  and  semi- 
circular canals.     The  eighth  cranial  or  so-called  auditory  nerve  is 


FIc-   tft7. — 6MnMlA«nunin&tio  wctioo  through  tbe  richt  ear  (Ctrmak):   O,  KlM 
mtiUmr  in««tu»;   T,  nicmbimiu  lympuu;   P,  tympuue  oavity;  o,  feowlm  ovmlU;  r.  l_ 
•rtn  rotVSilii:   B.  e«mioircul*r  canal;  S,  ooohlea;    Vt,  Hsala  vastibuU;   t^.  tcaim  tympaal; 
B,  EoMMhlaa  tub*. 

diotributed  entirely  within  the  internal  ear;  the  fibers  of  the  cocb- 
hor  branch,  which  alone  perha|is  are  concerned  with  hearing,  end 
among  the  8ensor\'  nerve  cells  of  the  cochlea,  while  the  vestibular 
bt»tich  aupplifs  similar  sense  cells  situated  in  the  utricu  I  us,  sacculus, 
aoii  the  ampulbe  of  the  semicircular  canals.  We  may  consider 
fint  the  fuftctions  of  the  ear  in  respect  to  the  sensations  of 
7'he>oinev\'l>ttt  complicated  anatomy  of  the  parts  concerned  shov 
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beobUioed  from  the  special  works  on  anatomy  or  hiatologj'.     For 
the  purpoees  of  a  physiological  prcsentution  tJie  seheiuatic  figure 
auployttl  by  Czermak  and  rejirotluced  in  llg.  167  will  suffice  to 
'exhibit  the  general  anatomical  relations  of  the  parts  concerned  in 
the  tnnanission  of  the  sound  waves  from  tlie  exterior  to  the  eochleji. 
Th«  Piima  or  Auricle. — The  pinnn  opens  into  the  external  mea- 
tus b>'  means  of  a  cone-shaped  depression,  the  concha.    The  whole 
organ,  and  especially  the  concha,  may  he  considered  as  fulfilling 
more  or  less  perfectly  the  function  of  collecting  t!ie  sound  waves 
Md  reflecting  them  into  the  meatus.     In  the  lower  aMimuls  the  ctm- 
eawshajie  of  the  ear  and  its  motility  probably  make  it  much  more 
meful  ia  this  respect  than  in  the  case  of  the  human  ear.     But  even 
in  man  ihe  pinna  ia  valuable  to  some    extent  in  intensifying  the 
appreciation    of    sounds    and 
*1»  in  enabling  us  to  deter- 
mine their  tlirection.     The  ex- 
ten&l  auditor.'  meatus  has  a 
IcDgth  of  about  21  to  26  mms., 
ABd  a  capacity  of  something 
over    one    cubic    centimeter. 
•tl*  coarse  is  not  straight,  but 
Pnees   first    somewhat   back- 
^^*tl  and  upward,  and    then 
*«ms  forward  and  inward  to 
OKI    against     the     tympanic 
niexnbmne.    All  sound  waves 
tiiat  affect  the  drum  of  the  ear 
rnxAst,  of  course,  pass  throtigh 
tltiis  canal. 

The      Tympanic      Mem- 
brane.— The  tympanic  mem- 
brane closes  the  inner  end  of 
the  meatus  and  lies  obliquely  to  the  axis  of  the  canal,  its  plane 
fnifcking  an  angle,  o|X'ning  downward,  of  15(1  degrees.    The  mem- 
l>nu>e,  although  not  more  than  O.l  mm.  thick,  consists  of  three 
coats:  a  layer  of  skin  on  the  external  surface,  a  layer  of  mucous 
njembrane  on  the  side  toward  the  middle  ear,  and  in  between  a 
la.ver  of  fibrous  connective  tissue.     The  middle  layer  gives  to  the 
''•^'Sibrane  its   peculiar  stnicture   and   properties.      In  form   the 
'^'^ttibrane  has  tlie  shape  of  a  sliallow  funnel  with  the  apex,  or 
'^'^Jic.  as  it  is  called,  somewhat  below  the  center.     The  fiJwrs  of 
^^  £brous  layer  are  arranged  partly  circularly  and  partly  in  lines 
;?J*^*ating   from   the    umbo  to  the    peripheral  margin  (Fig.  108). 
'^^    walls  of  the  funnel  are  slightly  convex  outwanlly;   so  tiiat 
r**^^»  rarliating  fiber  forms  an  arch.    On  the  inner  side  of  the  mcui- 
^^*ie  the  chain  of  car  oasiclea  is  attached,  so  that  the  vWitaVw^vft 


_,  IflS. — To  nhow  the  structure  of  the 
tymFMUUc  membrane,  looked  at  from  the  aide 
o(  the  meatus  (Htn*tn) :  aj,  Ttw  asda  of  rota- 
tion of  the  ear  buneis;  cf,  the  iacuis;  i,  the 
be«<t  of  the  nia]leiu. 
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of  the  membrane  are  transiiutted  directly  to  these  bones.  Th 
petaiUar  form  of  the  membrane,  its  funnel  shai>e,  its  arched  sidee 
and  its  unsj'mmetrieal  division  liy  the  umbo  are  sujjposed  to  con 
tribute  to  its  value  as  a  transmitter  of  the  sound  \'ibrations  of  th< 
air.  In  the  first  place,  the  membrane  shows  little  tendency  t< 
after- vibrations, — that  is,  when  set  in  motion  by  an  air  wave  il 
shows  little  or  no  tendency  to  continue  vibrating  after  the  actir»| 


Fiit.  "W. — Tympanum  o(  rijtht  sirle  with  ofwidea  in  place,  viewed  from  within  f«f6 
Morrit):    1,  Uwiy  of  incus;    2,  nu-spentiory  UgHnieiit  of  malleus;    3,  liipuiient  of  incua; 
bamd  of  mnlleuH;  5,  epitympKnia  cavity;   0,  cbortla  tyro  pan  i  nerve;   7,    tendon  of  imaa 
tyinpaiu  musoJe;    8,  font-piece  nf  stirrup;    9,  os  orbicuUre;    10,  iiiiiDubriuiu ;      II, 
lymponi  muade;    12,  luembnuia  tyni|>a.nL;    13,  i^ustachuin  tube. 


force  has  ceased.  It  ia  obvious  that  such  a  property  is  valuable  i 
rendering  hearing  more  distinct,  and  the  peculiarity  of  the  men 
brane  in  this  respect  is  attributed  partly  to  its  special  form  an 
partly  to  the  damping  action  of  the  bone-s  attached  to  it.  In  th 
seeond  place,  the  arched  sides  of  the  funnel  art  as  a  lever,  so  tlia 
the  movements  at  these  parts  are  transmitted  to  the  umbo  with 
diminution  in  amplitude,  but  an  intensification  in  force.  It  is  a 
the  umbo  that  the  movement  ia  communicated  to  the  ear  bones. 

The  Ear  Bones. — The  three  ear  bones — the  malleus,  the  incuj 
and  the  stapes — taken  together  form  a  chain  connecting  the  tyni 
panic  membrane  with  the  membrane  of  the  fenestra  ovalis.  B; 
this  means  the  vibrations  of  the  tympanic  membrane  are  com 
inunicated  to  the  memlirane  ol  t\\e  ^etvealta,  oNaX\a  a^xv^  \}o.\3&  \o  iVs 
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fx-rilvtuph  filling  the  cavity  of  the  internal  ear.  The  bones  consisit 
lif  <|)onK>' mat^^rial  with  a  eonipat't  surface  layer.  Their  general 
•ilapp  and  connections  are  illustrated  in  Figs.  169  and  170.  To 
muierstand  the  manner  in  which  the  chain  of  l>ones  acts  in  con- 
WTii?  the  vibrations  from  one  membrane  to  the  other  some  points 
in  their  stnictiire  and  connections  niay  be  recalled.  The  mnlicus 
isibout  18  to  19  mms.  long,  and  has  an  average  weight  of  '2'.i  milli- 
grams. Its  long  handle  is  inibed(.led  in  the  tympanic  membrane, 
the  tip  reaching  to  the  umbo.  The  large,  rounded  head  projects 
above  the  upper  edge  of  the  tympanic  membrane  and  forms  a  true 
joint  of  a  peculiar  nature  with  the 
iacw.  It  has  two  processes  in  ad- 
dition to  the  manubriunii :  a  short 
oee,  processus  brevis,  that  presses 
a^inst  the  upper  etlge  of  the  tym- 
panic membrane,  and  a  longer  one, 
the  processus  gracilis  or  processus 
Foliinus,  which  projects  fonvard 
And  is  continued  by  a  ligament,  the 
Milerior  ligament,  through  which 
the  malleus  is  attached  to  the  bony 
w»ll  of  the  tympanic  cavity.  Three 
other  ligaments  are  attached  to  the 
nialleiis,  the  extenial  ligament,  bind- 
ing it  to  the  external  face  of  the 
cavity,  the  posterior  ligament,  and 
the  s(i])erior  ligament,  the  latter  at- 
taching the  upper  jmrt  of  the  head 
to  tie  roof  of  the  tympanic  cavity. 

the  hcjne  is  held  steadily  in  position  even   after  its  connections 

*ith  the  incus  are  loosened.    The  im-ns  is  somewhat  more  nms- 

ave  than  the  malleu.s,  weighing  about  25  miliigrams.     Its  thicker 

portion  articulates  with  the  head  of  the  malleus,  and  it  has  two 

proeesBes  nearly  at  right  angles  to  each  other.     The  shorter  process 

ortcnds  posteriorly  and  is  attached  by  a  ligament  to  the  posterior 

•*fl  of  the  tympanic  cavity ;  the  long  process  pa.sses  downward 

P^wllel  with  the  hanclle  of  the  malleu.«i,  but  tunus  in  at  the  tip 

jo  form  the  rounded    os   orbiculare,  which   articulates   with  the 

"®*<i  of  the  stapes.     This  latter  lx»ne  is  extremely  light,  weighing 

***c«jt  3  milligrams,  its  oval  btise  being  attached  to  the  margins 

*he  fenestra  ovalis  Ijy  a  short,  stiff  membrane. 

The  Mode  of  Action  of  the  Ear  Bones. — The  movements  of 

^'^  tympanic  memljrane  are  conmiunicated  tt>  the  tij)  of  the  handle 

manubrium.     As  the  handle  moves  in,  the  cliain  of  lM>ue8 

a  rotary  movement  around  an  axis  which  may  be  defined  as 

>paaawg  through  the  attachment  of  the  short  process  ol  l\\(j 


FiR. 


170— The  bonea  of  tlw 
miildle  ear  in  nulund  ci>una«tl(iae 
(HalmhotU):  M.  The  maUeun;  Mcp, 
th«  beiwj;  Me,  (tie  neck;  Ml,  the 
prooemus  giacilia;  Mm,  the  cnanu- 
Drium;  /e,  boity  nf  the  incus;  lb, 
short  prooa«;  11,  long  process;  S, 
the  atapee. 


By  means  of  these  ligaments 
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incus  and  the  anterior  ligament  of  the  malleus.  The  general  posi- 
tion of  this  axis  is  represented  1  >y  the  line  a-b  m  Fig.  171.  This  line 
passes  through  the  neck  of  the  malleus;  so  that  as  the  handle  moves 
in  the  head  of  the  malleus  and  the  upper  part  of  the  incus  move  is 
the  opposite  rlirection. — while  the  long  process  of  the  incus  together 
with  the  stapes,  l>eing  below  the  axis,  move  in  the  same  direction  aa 
the  handle,  (see  Fig.  171/1).  The  chain  of  hone«,  therefore,  acts 
like  a  bent  lever  whose  fiilcnuii  is  at  a,  the  power  arm  being  repre- 


Fiu.  17!.— To  illustrate  the  lever 
ftclioanf  the  ear  bones  (SIcK«ndrick): 
Uj  Ttie  maUeu»;  e,  the  incUA;  (i-6,  llie 
«xu  of  rotation;  a,  short  process  of 
incus  abutting  against  the  tymjMUiie 
wall ;  a-p,  tbe  power  arm ;  a-r,  tha 
loxi  ann  of  the  lever. 


Fijit.  171  A. — Schema  to  iUustratfl  lh( 
wny  in  which  the  ear  iiA^icles  art  to- 
eetiier  lis  a  b^nt  lever  in  transniitling  the 
movements  of  the  t)*!!! panic  membnuie 
to  the  membrane  uf  the  fenestra  ovalia. 
I,  The  handle  of  the  nialleiui;  2.  Ibe  loDf 
ptoeem  uf  the  incus;  3,  the  i<ta|>ee  ;  o-h, 
the  axis  nf  rotation.  The  arrows  iodi* 
eate  a  movement  inward  of  the  tympanio 
TDSmbraoe. 


sented  by  the  line  p-a  and  the  load  arm  by  the  line  r-a.    Accoriling 

to  Helmholtz,*  the  distance  p-a  is  equal  to  9.5  mms.,  while  r-a 

is  6.3  mms.      The  movement  at  r,   therefore,  or  the  movement 

of  the  stapes,  will  have  only  two-thirds  of  tlie  amplitude  of  the 

movement   at   p,   but   w\\\  have  a   correspondingly  greater  force 

(one    and    one-half    time.s).     The    mechanisms   of    the    tympanic 

membrane  and  the  ear  bones  combine,  therefore,  to  convert  the 

vibratory  movements  of    the    tympanic  membrane  into   smaller 

but  more  intense  movements  of   the   membrane  of  the  fenestra 

ovalis.     It  should  be  borne  in  miml,  however,  that  the  amplitude 

of   these  movements   imder    normal    conditions  Is  ver\'  minute. 

That  of   the  base    of   the   stirrup   is   estimated   at   about  0.04 

mm.,  while  the  amplitude  at  the  tip  of  the  manubrium,  though 

relatively   nnich   larger,    is   still   less   than  a   millimeter    (0.2  to 

0.7  mm.).    The  mhmte  but  relatively  intense  movements  of  the 

*  Helmholtz,  "Die  Lchre  von  den  Tonenipfindungen,  etc.,"  fifth  edition, 
1896.     See  also  English  translation  by  Ellis. 
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fstapes  set  into  vibration,  the  perilynipli  in  tho  internal  ear,  and 

'  through  these  movements  the  sensory  nerve  cells  in  the  cochlea 

are  stimulated,  and  nerve  impulses  are  thereby  aroused  in  the 

fibers  of  the  cochlear  nerve.     Ankylosis  of  the  ear  bones  impedes 

their  movements  antl  impairs  the  delieaey  of  hearing,  and  if  the  an- 

kv'Iosis  affects  the  base  of  the  stajws  at  its  insertinn  into  the  fenestra 

lOvalis  practically  complete  deafness  ensues.     'Ihe  articulation  of 

'the  head  of  tlie  malleus  with  the  body  of  the  incus  is  a  peculiar 

I  Baddle-shaped  joint,  which,  according  to  the  description  given  by 

Helmholtz,  acts  Uke  a  cogged  or  ratchet  movement.     When  the 

tympanic  membrane  moves  in  and  the  head  of  the  malleus,  thcre- 

Ifore,  moves  outward,  the  joint  locks,  so  that  the  incus  follows  the 
malleus.  If,  however,  from  any  unusual  cause  the  tympanic  mem- 
brane is  moved  outwarfl  from  its  resting  position^  as  may  residt,  for 
instance,  from  a  marked  fall  in  air  pressure,  then  the  malleus-incus 
joint  unlocks  and  the  incus  fails  to  follow  completely  the  movement 
of  the  malleus,  thereby  protecting  the  structures  in  the  internal  ear. 
Muscles  of  the  Middle  Ear. — Two  small  muscles  are  present  in 

■  the  nuddle  ear:  the  ten.sor  tynip.ini  and  the  stapedius.  The  former 
arises  in  a  groove  just  above  the  iuistachian  tube  and  it«  long  tendon 
is  inserted  into  the  neck  of  the  malleus  just  below  the  axis  of  rotation. 
ITie  muscle  is  innervated  by  a  branch  of  the  fifth  nerve.  It  is 
obvious  that  when  this  muscle  contracts  it  mu.st  pull  the  tympanic 
membrane  inward  ami  put  it  under  ;a:reater  tension.     The  stapetlius 

■  muscle  arises  from  the  inner  wall  of  tlie  tympanic  cavity  and  its 
tendon  is  inserteti  into  the  neck  of  the  stapes.  This  muscle  is 
innen'ated  through  a  branch  of  the  facial.  When  it  contracts  it 
tends  to  pidl  the  stiipes  lateralh',  and  thus  proJ>ably  j>laces  the  mem- 
brane attached  to  its  base  xmder  greater  tension.  The  functions 
•fulfilled  bj' these  muscles  have  been  the  subject  of  much  controversy. 
According  to  a  view  first  proposed  by  Johannes  Miiller,  they  act  as 
a  protective  mechanism  to  the  membranes  of  the  middle  ear.  By 
increasing  the  tension  of  the  membranes  they  limit  the  amplitude  of 
^their  vibrations  and  thus  protect  the  membranes  from  injur)''  or 
"  possible  rupture  in  the  case  of  the  violent  movements  resulting  from 
loud,  explosive  noises.  Or  possibly  by  their  reflex  contraction 
[they  protect  us  from  intense,  disagreeable  noises,  by  limiting  the 
jponsiveness  of  the  vibrating  membranes.  A  more  probable  view, 
[however,  and  one  supfwrt^d  to  a>me  extent  by  experimenttd  evi- 
Jence,  was  suggested  by  Mach.  .According  to  this  observer,  the 
an  tractions  of  the  mu.icle.*  adjust  the  mendjranes  to  the  better 
vct'ption  of  sound  vibratitm^s  and  are  u.sed,  therefore,  in  attentive 
lisitrning.  They  form,  in  fact,  a  nteclianism  of  accummtKlatitin  .siiui- 
in  its  general  functioas  to  the  ciliary  muscle  of  the  eye.  Hensen* 
la.s  shown  that  both  niu.sdes  contract  rcHexly  to  sound-s,  and  that  the 
•  Ueosen,  ".\r;;hiv  f.  d.  gesaiiiiutc  Physiologie,"  87,  35">,  1901. 
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contractions  of  the  tensor  tympani  are  stronger,  the  higher  the 
pitch  of  the  sound.  This  contraction  seems  to  take  place  at  the 
beginning  of  the  sound,  but  is  not  maintained  for  a  long  })eriod. 
The  reaction  is  apparently  a  reflex  movement  the  8ensor\-  path  of 
which  lies  in  the  acoustic  nerve  and  the  reflex  center  in  the  nie<lulla 
oblongata.  That  a  similar  reflex  adjustment  takes  place  in  man  is 
indicated  l>y  the  following  ex[>eriinent  flescril>ed  by  Hensen,  If 
Avliile  listening  to  a  tuning-fork  (400  to  KXMJ  v.  d.)  a  metronome  is  set 
going  at  a  rate  of  40  to  60  beats  jier  mimite,  the  tone  of  the  tuning- 
fork  l>ecomea  obviously  strengthened.  The  stimulus  of  the  noise 
caused  by  the  mctnmonie  may  be  supjxised  to  excite  the  reflex  con- 
tractions of  tlie  nuiHck'S  of  the  ear  and  thus  increase  its  responsive- 
ness to  the  vibrations  of  the  tuning-fork.  According  to  tliis  view. 
therefore,  the  ear  muscle.s  are  kept  constantly  in  play  by  sounds  or 
sudtlen  variations  in  the  intensity  of  sounds,  and  jx^rliaps  the  obvious 
effort  experienced  in  listening  intently  to  a  sound  is  also  due  to  a  con- 
traction of  these  inii-scles. 

The  Eustachian  Tube. — Through  the  Eustachian  tube  a  com- 
munication is  e-stablishetl  between  the  tympanic  cavity  and  the 
pharynx,  and  through  this  latter  with  the  exterior.  The  obvious 
advantage  of  this  arrangement  is  that  it  keejxs  the  air  within  the 
tymijanum  under  the  same  pressure  as  the  outside  air,— that  is,  the 
pressure  on  the  two  sides  of  the  tympanic  membrane  is  kept  the 
same.  The  phuryngeal  opening  of  the  tube  is  nommlly  closed,  but  it 
may  be  o|)ened  by  raising  or  lowering  the  pressure  in  the  phar>'nx. 
This  happens,  for  instance,  in  the  act  of  swallowing,  and  we  perform 
this  act,  therefore,  whenever  our  sen.sations  from  the  tympanic  mem- 
brane warn  us  of  an  inequality  in  pressure  upon  the  two  sides.  When, 
for  instance,  one  enters  a  caisson  in  which  the  external  pressure  is 
increased  over  the  normal  atmospheric  pressure  the  tympanic 
membrane  would  be  driven  inward  by  the  excess  of  ext<"mal  pres- 
sure were  it  not  for  the  existence  of  the  Eustachian  tute.  I'nder 
these  conditions  swallowing  movements  will  open  the  phaiyngeal  end 
of  the  tulto  and  tlnis  bring  the  tympanic  cavity  under  a  barometric 
pressure  ef|ual  to  that  on  the  outside.  In  nasal  catarrh  the  tul)e 
may  be  occlude*!  so  as  to  prevent  this  equalization,  and  under  such 
conditions,  as  is  well  known,  the  delicacy  of  hearing  is  much  iro- 
pairerl.  vmtil  by  raising  the  i^ressure  in  the  phar>'nx  or  by  other 
means  the  tulw  Ls  of)cned. 

The  Projection  of  the  Auditory  Sensations. — Auditory  aen- 
aulion.'*  are  pn)jected  to  the  exterior  and,  indeed,  to  the  supposed 
origin  of  the  s<iiind.  The  pnjjection.  however,  is  nothing  like  so 
perfect  as  in  the  case  of  xisual  stimuh.  Our  judgments  of  the  di»- 
t<an(?o  and  direction  of  sounds  are  manifestly  leas  exact  thjin  in  tlw 
ca»  of  objects  seen  l)y  the  eye.  As  an  example,  one  may  refer  to 
the  difficultv  of  locating  exactly  such  sounds  as  the  note  of  a  cricket. 
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le  ear  the  senisitive  elements  iu  the  cochlea  are  not  arranged  so 
that  sounds  coming  from  tUfferent  direetions  can  affect  different 
nerve  fibers.     All  aound  stimuli  come  to  this  part  of  the  ear  by  one 
path, — namely,  the  tympanic  membrane  and  it^  accessor^'  struc- 
tures.    In  judging  the  lUrection  ami  distance  of  sounds  we  must 
rely,  therefore,  upon  the  relative  dLstinctness  of  the  soimds  in  the 
^/fo  ears,  the  variations  in  distinctness  observed  by  varj'ing  the 
■bsition  of  the  head,  the  accessory   information  obtained  from 
^sion,  et<;.    It  is  stated  (Brown)  that  when  the  two  ears  arc  used, 
the  localization  is  more  exact  than  when  only  one  ear  is  open. 
The  two  ears  act  somewhat  like  the  two  eyes  in  giving  a  spatial 
or  perspective  element  to  the  projection.     The  general  sensibility 
of  the  tympanic  membrane  also  plays  a  part.     When  a  vibrating 

tdy — a  tuning-fork,  for  example — is  held  between  the  teeth,  the 
orations  are  transmittetl  to  the  internal  ear,  in  part  at  least, 
rough  the  bones  of  the  head,  and  the  sound  in  this  case  is  referred 
project-ed  into  the  head  itself  insteatl  of  to  the  tuning-fork,  so 
that  in  hearing  by  the  usual  method  the  sensations  of  the  vibrating 
tympanic  membrane  must  form  ]>art  of  the  data  by  means  of  which 
we  project  the  sensation  to  the  exterior. 

The  Sensory  Epithelium  of  the  Cochlea. — The  fibers  of  the 
^pohlear  branch  of  the  auditory  nerve  arise  in  the  nerve  cells  of  the 
Hnral  ganglion  situated  in  the  central  pillar,  the  modiolus,  of  the 
cochlea.  Tliis  ganglion  resembles  in  structure  the  jjosterior  root 
ganglion  of  the  spinal  ners'es.  Each  cell  is  bipolar,  sending  one 
fiber  toward  the  brain  in  the  acoustic  nerve,  and  one  fiber  to  end  in 
terminal  arborizations  arotmd  the  sensory  cells  or  hair  cells  of  the 
oxgan  of  Corti  in  the  cochlea.     We  have  ever>'  reason  to  believe, 

tarefore,  that  these  hair  cells  fonn  the  apjmratus  which  is  affected 
sound  and  by  means  of  which  nerve  impulses  are  generated 
d  transmitted  to  the  acoustic  fibers.  The  general  arrangement 
d  the  relations  of  these  cells  are  intlieate<l  in  Fig.  172.  They 
eotaisi  of  short  more  or  less  cylindrical  cells  (£",  6,  f^'.  6",  Fig.  172), 
whose  lower  portion  does  not  reach  to  the  basilar  membrane,  but 
is  supported  by  the  intervening  Deiters  cells.  The  upper  ends  of 
the  cells  project  through  the  openings  in  the  reticulate  membrane 
and  end  in  a  number — according  to  Retzius,*  about  twenty — short, 
Btiff  hairs.  The  hair  cells  are  arranged  in  four  to  six  rows,  one 
row  on  the  inner  side  of  the  inner  rotls  of  Corti  and  three  to  five 
rows,  according  to  thf  part  of  the  ctichlea  examineil  on  the  outt^r 
side  of  the  rods  of  Corti.  Their  total  number  lia.s  lioen  estimated 
ferently  by  different  observers;  but,  accepting  the  lower  figures 


msi 


•  The  moil  complete  «letaiLs  of  thf  .Htriicliin;  ()f  iho  ear  wilt  be  found  in 
the  great  work  of  Rofzius,  "  De  Gt'hnrorgain  dcr  Wirbtlthicre,*'  vol.  ii,  1884, 
8torkbolin. 
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gj-en,  it  may  be  said  that  there  are  at  least  3500  inner  hair  cei/s 
and  13,000  outer  ones,  giving  a  total  of  16,500  or  more.  The  theoiv 
usually  proposed  to  account  for  the  mechanism  by  wliich  the  vibra- 
tions of  the  perilymph  affect  these  cells,  and  especially  the  expla- 
nation of  the  means  by  which  different  sounds  affect  ilifferent  cells, 
ifi  that  there  is  contained  in  the  cochlea  a  mechanism  which  arte 
by  sympathetic   resonance.     To  make  this  theon'  clear  a  short 


Fin.  1"2. — Diogriiiminoflo  \-lew  of  the  organ  of  Ojrti,  the  cense  cdU,  And  the  «cce*iory 
structures  of  tho  membranous  cochlea  t,TejttiU):  A,  Inner  rods  (rf  Corti;  6,  outer  rixti 
of  Corti  ;  C.  (uoneli  nf  Cwrti  ,  D,  botiilar  nienibrnne;  E,  sinitle  row  of  inner  luur  <«enMi 
cella;  6,  0',  0*.  rows  ot  outer  hair  {sense)  celly.  7,  7',  supporting  celh,  of  D^iters,  Th« 
«nda  of  the  inner  hair  c<plU  are  seen  projertinu  throueh  the  oiicnings  of  the  reticulate 
DienibrAOr.  The  l«riiiiiml  urliurizatiDoa  at  the  cochlear  nerve  nben  end  arouod  tb* 
Inner  «nd  outer  huir  celU. 

description  nnist  be  given  of  the  nature  of  sound  waves  and  the 
physical  facts  in  repvrd  to  sympathetic  resonance. 

The  Nature  and  Action  of  Sound  Waves. — .^ound  waves  in 
air  consist  of  lon^ittulinal  vilirations  of  the  air  molecules,  alternate 
phases  of  rarefaction  ami  contlensation.  l-or  convenience'  sake, 
these  waves  are  usually  represented  ^aphirally  after  the  manner  of 
water  waves,  by  a  curved  line  risinfi  above  and  falling  below  a 
median  zero  line,  the  ordinates  above  the  zero  line  representing 
the  phase  of  condensjition.  and  those  beiow  the  phivse  of  rarefaction. 
These  waves  are  produced  by  the  vibrations  of  the  sounding  body, 
and  may  vary'^  gr&atly  in  length,  in  amplitude,  and  in  form.  For 
musical  soimds  within  the  range  of  hearing  the  length  of  the  wavea 
maj'  vary  from  forty  to  seventy  feet,  at  the  one  extreme,  to  a  frac- 
tion of  an  inch  at  the  other.  They  travel  through  the  air  with  an 
average  velocity  of  1  UM>  to  1200  feet  per  second,  the  exact  rate  vary- 
ing? with  the  temperature.    \(hxM  theaft  ^a,veR,  wUatever  may  be 
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their  form,  follow  each  otlier  with  rcgiilaritj- — that  is,  with  a  definite 
period  or  rhythm — a  musical  sound  is  perceived  provided  the 
rhythm  is  maintained  for  a  number  of  vibrations.  So  tliat  regular- 
ity or  periodicity  of  the  sound  waves  may  be  consiilered  as  the  un- 
derlying i)h>sical  cause  of  rausiral  sounds.  Non-musical  sounds  or 
noises,  wliich  constitute  the  vast  majority  of  our  auditors'  sensa- 
tions, are  referred,  on  the  contran',  to  non-i>eriodical  vibrations. 
Waves  of  this  kind  nmy  be  due  to  the  nature  of  the  impulse  given 
Jb>  the  air  by  the  sonmling  bod}', — single  pulses,  for  instance,  or  a 
TBries  of  such  pulses  or  shocks  following  at  a  slow  or  irregular 
rhythm,  or  as  is  more  frefiuently  the  case,  they  maj'  result  from  a 
mixture  of  ver>'  short  and  different  rhythmical  vibrations.  .4s 
the  case  of  musical  sounds  is  far  the  simpler,  the  theory*  of  the 
action  of  the  cochlea  has  l)een  based  cliiefly  upon  the  results 
obtained  from  a  study  of  these  forms  of  waves. 

Classification  and  Properties  of  Musical  Sounds. — Musical 
sounds  exhibit  three  fundamental  properties,  each  of  wlach  may  be 
referred  to  a  difference  in  the  jihysical  stimulus.  They  var>',  in 
the  first  place,  in  pitch,  and  this  difference  finds  its  explanation  in 
the  rapidit>'  of  \ibration  of  the  sounding  body  and  the  sound  waves 
produced  by  it.  The  more  rapid  the  rsite,  the  shorter  will  be  the 
waves  and  the  higher  will  l>e  the  pitch  of  the  musical  note.  Notes 
of  the  same  piteh  may,  however,  vary  in  loudness  or  intensity,  and 


^ 


f"i«  173.  —  Tnillu"tr»fc  thfconcenlionof  difTerenpp-iiD  pitrh  and  in  amnlitudp  or  int^nai^: 
(a  A  ihnr  (irndiibr  or  ftiiiu*  cur>'«  ol  the  (iam<-  periixJ  'ir  pilch.  b(i(  with  difTprcnt  uinpliludM. 
In  M  thrrc  prDclutnr  or  sinua  rurvoa  of  the  »anie  ninphttiilc,  but  with  diflcreat  pchuda  (»H^ 
AurrbArh) 


this  difference  is  referable  to  the  ampltturle  of  the  vibrations  (see 
Fig.  17S).  A  given  tuning-fork  emits  always  a  note  t>f  the  same 
piteh,  hut  the  loudness  of  thr  notf  may  vary  acconliug  to  thf  amp- 
litude of  the  vilirations.  The  vibrations  of  the  tympanic  mem- 
brane Jind  of  the  perilymph  in  the  internal  ear  vary  in  rate  and  in- 
tensity with  the  sotmding  btxly;  so  that  we  may  say  that  the  stimu- 
lation of  the  hair-cells  in  the  niclilea  gives  us  auditory  .sensations 
that  vary  in  pitch  with  the  rate  of  excitation  and  in  int^-n.sity  with 
the  timplitude  of  the  vibratory  movement.  A  third  pro|:>erty  of 
Lsical  sounds  is  their  variations  in  quality  or  timbre.     The  some 
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note  of  the  same  amplitude,  v,'\\en  given  by  different  musical  in.etni- 
ments,  varies  in  quality,  so  that  we  have  no  difficulty  in  recognizing 
the  note  of  a  piano  from  the  same  note  when  given  by  a  vioUn  or 
the  himian  voice.  The  underlying  physical  cause  of  variations  in 
timljm  is  found  in  the  form  of  the  sound  waves  produced,  and  ira- 
metliately,  therefore,  in  the  form  of  vibratory  movement  eommuni- 
catetl  to  the  periKinph.  Examination  of  the  forms  of  sound  waves 
produced  by  tUfTerent  musical  instruments  shows  that  they  may  be 
divided  into  two  groat  groups:  (1)  The  simple  or  pendular  form:  (2) 
the  compound  or  non-pendular  form.  The  simple  or  pendular  form 
of  wave  is  given,  for  instance,  by  tuning  forks.  A  graphic  repre- 
eentiUion  of  this  wave  form  may  be  obtained  by  attaching  a  bristle 
to  the  end  of  the  fork  and  allowing  it  to  write  upon  a  piece  of  black- 
ened paper  moving  with  uniform  velocity, — the  blackened  surface, 
for  instance,  of  a  kymographion.  The  form  of  the  wave  obtained 
is  represented  in  Fig.  1 74.  The  vitjrating  body  swings  sjTumetrica Uy 
to  caiih  side  of  the  line  of  rest,  and,  inasnxuch  as  this  is  also  the  form 
of  movement  that  would  be  traced  l>y  a  swinging  pendulum,  this 
form  of  wave  is  designated  frequently  as  pendular.  It  is  8<imetim« 
called  also  the  sinusoi<lal  wave,  since  the  distance  of  the  vibrati 
point  to  each  side  of  the  line  of  rest  is  e(]ua]  to  the  sine  of  an  arc 
increasing  proportionally  for  the  time  of  the  phase.  A  compound 
(or  non-pendular  or  non-sinusoidal)  imve  may  have  a  very  great 
Variety  of  fonns.  The  different  phases  follow  periodically',  but  the 
movement  of  the  vibrating  body  to  each  side  of  the  line  of  rest  is  not 


Fig.  1 74. — Form  of  w»v«  m»de  by  tuninf  fork. 

perfectly  symmetrical.  Fourier  has  shown  that  any  periodical  \ibi 
iory  movement,  whatever  may  be  its  form,  may  be  considered  as 
being  coTUf  Kise«l  of  a  series  of  simple  or  pendular  movements  whose 
periods  of  vibrations  are  1,  2,  3,  4,  etc.,  times  as  great  as  the  vibra- 
tion i)eriod  of  the  given  movement.  That  is,  every  so-culled  com- 
pound wave  form  may  be  considered  as  being  caused  by  the  fusion 
of  a  numl>er  of  simple  waves.  Representing  the  wave  movement 
of  the  air  gniphieally  as  water  waves,  this  composition  of  simj 
[waves  into  comjwund  ones  is  illustrated  by  the  cun-es  given  in  Fi| 
^175.  In  this  figure  A  and  B  rejiresent  two  simple  vibrations  sue 
would  1)6  given  by  two  tuning-forks,  the  vibrations  in  B  Viei 
double  those  of  .4.  If  these  two  waves  are  communicate<l  to  the  air 
.fftt  fK  time  the  actual  movement  of  the  molecules  will  be  a 

i:fBB\;i    [         i[ie  forces  acting  upon  them  at  any  given  instant,  and 
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the  actual  movement  will  be  iudicated,  thorefcire,  by  the  algebraical 
sum  of  the  ordinates  above  and  l>elow  the  lines  of  rest.  If  the 
movements  are  so  tinird  that  e  in  curve  B  is  synchronous  with  d^  in 
curve  A,  then  the  resulting  eompoumi  wave  form  is  illustrated  by  C. 
If,  however,  curve  B  is  supposed  to  be  in  a  different  phase,  so  that  e 
is  synchronous  withd',  then  a  form  of  wave  illustrated  liy  D  will  be 
obtained-  In  this  way  a  great  variety  of  forms  of  compound  waves 
may  be  supposed  to  be  produced  by  the  union  of  a  aeries  of  simple 
waves  of  different  periods  of  vibration.  That  compound  waves  dif- 
fer from  simple  ones  in  being  composed  of  several  series  of  vibrations 
is  indicate<l  directly  by  our  sensations.  When  we  listen  to  the  note 
of  a  tuning-fork  we  hear  only  a  single  tone;  when  two  or  more 
tuning-forks  are  sounded  together  the  trained  ear  can  detect  the  tone 
due  to  each  fork,  and  similarly  when  a  single  note  is  sounded  by 
the  human  voice,  a  violin,  or  any  other  instrument  that  has  a  char- 
acteristic quality  the  trained  ear  can  detect  a  series  of  higher  tones, 
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Fig.  175. — Schema  by  Ilelmholti  to  illustrate  the  formmtion  of  a  compound  wava 
Inm  two  pendular  waves:  A  and  B,  pendular  vibrationa,  B  being  the  octave  of  A.  If 
■nperpoaM  to  (hat  t  roincidefl  with  d"  and  the  onlinatea  are  added  algebraically,  the  non- 
pendiilar  rurve  C  in  produced.  If  superpoaeil  eo  tlist  <  coinoidee  witk  tf  the  Don-pendular 
citrr*  D  M  t>r<xluceHl. 

the  upper  partial  tones,  or  harmonica,  or  overtones,  which  indicate 
that  the  note  is  really  compound,  ^iid  not  simple.  The  formation 
of  these  overtones  is  tlue  to  the  fact  that  the  sounding  body  may  be 
eODMdenMJ  an  vibrating  not  only  as  a  whole,  but  al'^o  in  it.s  aliquot 
parta,  as  is  represented  in  Fig.  176,  illustrating  the  vibrations  of  a 
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string.    When  the  string  is  plucked,  it  vibrates  as  a  whole  (n),  giv- 
ing largo  waves  which  produoo  what  is  rallfd  thf  fundaniontal  tf>ne, 
but  at  the  same  time  each  half  (6),  third  (c),  fourth  (fi),  etc.,  may 
vibrate,  giving  each  its  own  simple  tone.     The  combination  of  all 
of  those  simple  waves  fonn.s  a  compound  wave  whose  form  or,  at 
lea-st,  whoso  oompf)sition,  determine.'^  the  qiiatityof  the  tone  heard. 
As  many  jus  ten  or  sixteen  of  these  overt  ones  may  bo  drlortodfroni 
the  vibrating  strings  of  a  violin  or  guitar.     When  the  period  ol 
vibration  of  these  overtones  bears  a  simple  ratio  to  that  of  the 
fundamental,  a  ratio  that  can  be  e.vpres.sed  by  the  simple  nuirt- 
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Fid.  176. — To  Illustrate  tho  mpctuLniam  of  the  frarmation  of  overtones. — (^elmAaltz.) 
In  n  (he  ctrtug  vibralcti  iwh  a  whole,  giving  its  fundament nJ  tone;  in  b,  c,  and  d,  it«  bAl^ts, 
thirds,  and  fnurtlis  are  Nnbratiajc  independeDlly.  Wbea  a  string  ia  struck,  plucked,  or  bowed 
theM  RiovementH  tnay  bappeo  nmaltkufloualy  ftitd  tbe  fuadMnental  note  due  to  the  vibra- 
tions of  the  whole  atnrtt;  is  oombdned  with  ttu  notea  due  to  the  vibratioiu  of  aliquot  parto, 
the  overtoncA.  The  combination  gives  »  oompouad  wave  whoee  form  and  musical  quality 
vary  with  the  nninber  and  relative  atteofth  of  the  overtoDea. 

bers  1,  2,  3,  4,  5,  they  harmonize  with  it  and  form  the  harmomo 
overtones.  It  should  lie  homo  in  mind  that,  so  far  a<;  tho  tympanic 
membrane  is  concerned,  it  iltjos  not  respond  separutoty  to  the  single 
tones  which  constitute  the  compound  wave,  but  swings  in  unison 
with  the  movement  of  the  compound  wave.  Nevertheless,  the  in- 
ternal ear,  according  to  the  law  of  Ohm,  is  capable  of  analyzing  the 
compounil  wave  form  into  the  s^-ries  of  simple  or  peiidular  wave 
forms  of  whicli  it  is  composed,  and  of  distinguishing  the  sories  of 
corresponding  tones.  While  this  analysis  camiot  be  made  con- 
sciously except  bj'  tho  traiiietl  musiiHan,  it  is  made  imconsciousiy, 
as  it  were,  by  every  normal  ear,  and  in  consequence  of  this  analysis 
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we  recognize  the  variations  in  quality  of  different  compound  tones. 
The  principle  upon  which  the  cochlea  acts  in  tlius  separating  the 

■compound  tones  into  their  elements  is  not  explained  with  entire 
satisfaction.  According  to  the  view  so  admirably  presented  by 
Helmholtz,*  the  analysis  depends  upon  the  existence  in  the  ear  of 

§&  meclianism  for  sympathetic  vibrations  or  resonance. 
Sympathetic  Vibrations  or  Resonance. — By  sympathetic 
vibration  is  meant  the  fact  that  an  elastic  body  is  easily  set  into 
vibration  by  movements  of  the  surrounding  medium  when  tliese 
movements  correspond  with  its  own  period  of  vil>ration,  A  string 
whose  period  of  vibration  is  128  jier  second  will  be  little  affected 
by  vibrations  of  the  surrounding  air  unless  they  have  the  same 

■periodicity.  If,  however,  a  note  nf  this  j>eriod  is  soundctl  by  the 
voice,  for  instance,  the  string  will  be  set  into  vibration  with  rela- 
tive ease.  By  means  of  this  principle  the  untrained  ear  can  readily 
pick  out  the  more  prominent  of  the  upper  hannonics  of  any  given 
note  of  a  musical  instrument.  It  Is  only  necessary  to  select  a  serie^s  of 
resonators  corresponding  to  the  series  of  overtones.  Each  reso- 
nator is  set  into  vibration  by  its  corresponding  overtone  and  so 
emphasizes  this  particular  tone  that  it  may  lie  easily  recognized. 

■If  one  stands  in  front  of  a  piano  with  the  strings  exposed  and 
Aings  a  given  note  it  may  be  shown  that  a  series  of  the  piano  strings 
18  aet  into  vibration  corresponfling,  in  the  first  place,  to  the  rate 
of  \ibration  of  the  fundamental  tone,  and  secondly  to   the  more 
prominent  of   the  harmonic  overtones.     In   this   case   the    com- 
^kound  wave  strikes  upon  the  collection  of  strings  of  the  piano, 
^^nd  is  analyzed  into  its  component  simple  tones  by  the  sj-mpa- 
^pthetic  vibrations  of  the  corresponding  strings.     Helmholtz  a.ssiimes 
that  the  cochlea  analyzes  compound  musical  waves  by  an  essentially 
similar  method. 

The  Functions  of  the  Cochlea. — The  vibrator}'  movement, 
(Whatever  may  be  its  form,  in  the  air  of  the  external  meatus  im- 
irta  to  the  tympanic  membrane  a  similar  fonn  of  movement,  and 
lis,  in  turn,  through  the  ear  bones  and  the  membrane  of  the  fenes- 
tra ovalis  sets  the  perilymph  into  vii)rations  of  the  same  fonn.  That 
the  perilymph  can  swing  or  vibrate  imtler  the  influence  of  the  move- 
lents  of  the  stapes  is  explained  by  the  exi.stence  of  the  second 
opening,  the  fenestra  rotunda,  between  the  middle  and  the  inter- 
ial  ear  (see  Fig.  167).     As  the  membrane  of  the  fenestra  o\alis  is 
wshed  in,  that  of  the  fenestra  rotunda  is  pushed  out,  and  xice 
cfjOT,  and  the  wave  movement  is  transmitted  along  the  perilymph 
the  cochlea  in  a  manner  illustrated  by  the  schema  represented 
Fig.  177.     These  vil>ratory  movements  uf  the  perilymph  affect 
he  membranous  cochlea,  which  may  be  regarded  as  being  sus- 
'Uiltd  in  the  perilymph,  and,  according  tu  the  resonance  theory, 
•  Hdmholtz,  ior.  cH. 


Pin^'izRd"! 


4 


392 


THE  SPECIAL   SENSES. 


certain  structures  within  the  membranous  cochlea  are  set  into  sjtq- 
pathctic  vibrations  corriisponding  to  the  simple  waves  of  which  the 
com|K)und  wave  is  constituted.  Helmholtz  first  suggested  that 
the  peculiar  rods  of  Corti  form  the  resonating  apparatus,  and 
by  sympathetic  vibrations  are  capable  of  analyzing  the  compound 

Fene^ru  wadj's-,,/^  = ~ — : ^  ^.,    ,. ,^ 

<xm  ^catn  Ves/itHih  ^\  ,  ,      . 

^'^  — ■- -yhelufolrema 

re/teafha  rv7u/te//x-^  Scdltt  lympcuti  ^^ 

Fig  177.  — 8oh«mntic  fiiniro  from  Auerbach  to  ibow  tho  n-lotlve  poidUonit  of  lb«  mpn- 
bnini-!<  i)f  ihv  uvul  and  round  f ca«8trM  •&(!  Iho  course  o(  Uic  w&ve  movement  ihroush  the 
oorhica  From  one  lo  the  other, 

movement.  Later,  however,  this  suggestion  was  abandoned, 
since  the  number  of  the  rods  is  not  sufficiently  great  perhaps  to 
answer  the  re<|ijirements  of  this  theory.  According  to  Retzius, 
the  inner  rotls  numl>er  560t)  and  the  outer  ones  3850.  Moreover, 
these  stnicturcs  are  absent  from  the  bird's  cochlea,  and  we  must 
assume  that  these  animals  are  capable  of  appreciating  musical 
Bounds.  Helmholtz  then  adopted  a  suggestion  of  Hensen's,  that 
the  basilar  membrane  constitutes  the  resonating  apparatus.  This 
membrane  forms  the  floor  of  the  membranous  cochlea,  stretching 
fronj  the  limbua  to  the  opiwjsite  side  of  the  bony  cochlea  (Fig. 
172).  Its  middle  layer  consists  of  fibers,  running  ratlially,  which, 
though  united  to  one  another,  are  sufficiently  independent  to  be 
regarded  as  separate  strings.  These  fillers  in  the  portion  covered 
by  the  rods  of  Corti,  the  inner  zone  or  zona  tecta,  are  finer  and 
more  difficult  to  separate  than  in  the  portion  exterior  to  the  outer 
rods,  the  outer  zone  or  zona  pectinata.  From  the  base  to  the  apex 
of  the  cochlea  the  membrane  increases  in  width,  the  length  of  the 
Btrings  in  the  outer  zone  varv'ing,  according  to  Retzius,  from  135;<  in 
the  basal  portion  to  220  fi  in  the  iiuddle  spLnd  and  to  234  /^  at  the 
ftpex.  The  whole  stnieture  is  estimated  to  contain  about  24,000 
strings  var>'ing  gradually  in  length,  as  stated,  and  rese-mbling  in 
general  arrangement  the  strings  of  the  piano.  Assuming  that  eAch 
of  these  filjers  has  its  own  period  of  \ibration,  we  may  imagine  that 
the  entire  collection  forms  an  apparatus  for  sympathetic  vibration 
which  U)  capable  of  analyzing  each  compound  wave  motion  into 
ha  constituent  simple  waves,  each  string  being  set  into  strong- 
est vibrations  by  the  wave  of  the  corresjxjnding  period.  More- 
over, it  is  implie<l  or  assumed  in  tliis  theory  that  the  vibrations  of 
each  string  are  communicated  to  a  corresponding  nen"e  fiber  of 
tho  cochlear  nerve,  through  which  the  stimulus  is  con>'eyed  to 
the  brain  as  a  nen'e  impulse.  We  should  be  capable  of  f>ereeiV" 
log,  theoretically,  as  many  distinct  mvisical  tones  as  there  an 
filxTi  in  t  he  basilar  membrane,  while  a  compound  wave,  by  setting 
numixtr  of  these  mechanisms  into  action,  gives  a  series 
•SQ8Alion.li  which  are  more  or  less  fused  in  consciousness.    The 
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liar  quality  or  timbre  of  the  tone  of  each  instrument  is  refer- 
,  therefore,  immediately  to  the  number  and  relative  intensities 
of  the  ample  tone  sensations  that  it  arouses.  The  fusion  of  these 
elementar}'  tone  sensations  into  comjDound  ones  of  different  qual- 
ities is  comparable,  in  a  general  way,  to  the  fusion  of  simple  color 
fiensations,  with  this  exception,  however,  that  in  the  compound 
tone  sensations  we  are  capable  of  distinguishing  more  clearly  the 
fact  that  they  are  composed  of  simpler  elements  ;  the  constitment 
tones  may  be  recognized  by  the  trained  ear  at  least.  The  mechan- 
ism by  which  the  vibrations  of  the  strings  of  the  basilar  mem- 
brane are  conveyed  to  the  hair  cells  and  through  them  to  the  nerve 
fibers  is  a  matter  of  speculation  only,  as  are  also  the  functions  of  the 
remaining  parts  of  the  organ  of  Corti,  It  may  be  suggested, 
perhaps,  that  the  rods  of  Corti  and  Deiters's  cells,  together  with 
the  reticulate  membrane,  with  wMch  they  are  both  connected, 
form  not  only  a  supporting  apparatus  for  the  hair  cells,  but  also 
a  mechanism  by  wliich  the  vibrations  of  the  strings  are  commu- 
nicated to  the  hairs  of  the  Imir  cells;  but  the  suggestion  is  unsatis- 
factory, as  the  anatomical  arrangement  does  not  suffice  to  explain 
how  the  vibrations  of  indi\iiiuHl  strings  are  transmitted  to  the 
aeparate  hair  cells.  The  assumption  has  also  been  made  that 
the  tectorial  membrane  acts  as  a  damper  to  the  vibrating  hair  cells 
or  the  reticulate  membrane.  Its  position  as  a  pad  lying  over  the 
rods  of  Corti  and  the  reticulate  memlirane  justifies  perhaps  such  an 
assumption.  Many  physiologists,  wliile  accepting  the  general 
principle  that  the  cochleji  analyzes  the  sound  waves  by  a  mechan- 
ism for  sympathetic  vibrations,  have  been  unwilling  to  admit 
t  the  basilar  membrane  constitutes  such  a  mechanism.  They 
point  to  the  improbability  or  impossibility  of  fibers  of  only  0.36 
mm.  (or  0.5  nmi.  at  the  best)  in  length  acting  as  efficient  reso- 
nators, especially  as  they  are  not  entirely  free  and  are  surrounded 
by  liquid.  Attempts  have  l>een  made,  therefore,  to  select  other 
structures  in  the  cochlea  as  more  likel3'  to  be  affected  by  sympa- 
etic  vibrations.  Attention  has  been  directed  mainly  to  the 
torial  membrane  or  membrane  of  Cbrti.  Thus,  Ayers*  believes 
that  this  structure  as  seen  in  the  usual  microscopical  prepara- 
ions,  is  simply  an  artefact.  Under  normal  cotulitions  he  believes 
t  it  is  a  band  of  ven^  long  and  delicate  hairs  projecting  from  the 
ir  cells  and  lying  free  in  the  endolymph.  .\ccortiing  to  his 
w,  it  is  these  hairs  that  take  up  the  vibrations  and  transmit  their 
pulses  directly  to  the  hair  cells.  The  histological  statement  uix>n 
huch  this  view  is  based  has  not,  however,  been  verified.  \Iore 
ntly  V.  Ebner^t  reviving  an  okler  view  of  Hasse,  lias  suggested 

•  Avern.  "Journal  of  Morphology,"  6,  1,  1892. 

t  iCoIlikcr,  "  Handbuch  a.  Gewebelehre,"  sixth  edition,  vol.  iii,  pt.  IL 
p.  958,  1902. 
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that  the  tectorial  membrane,  especially  its  free  end,  serve 

meclmnism  for  syinj^athetic  vibration.  This  membrane  i] 
in  width  from  the  base  to  the  apex  of  the  coohlea  and  Tl 
thickness  in  its  radial  diameter,  so  that  it  might  be  conot 
respond  to  different  periods  of  vibrations  in  its  differen' 
its  movements  l>eing  communicated  directly  to  the  hair  ce 
which  it  rests.  Unfortunately  we  have  no  direct  expei 
evidence  in  favor  of  any  of  these  views.  Several  observei 
ever,  have  ilemonst rated  apparently  that,  whatever  may 
mechanism  for  sympathetic  vibration,  it  is  so  arranged  tlia 
base  of  the  cochtea  the  liigher  notes  are  received  and  at  tl 
the  notes  of  the  lowest  pitch.  Thus,  llunk,  in  experimen 
dogs,  in  which  by  an  operation  tlirough  the  fenestra  rotxindi 
destroyed  the  ba.sal  portion  of  the  cochlea,  found  that  thei 
after  a  teni]X)rar>'  deafness  of  some  days,  coidd  hear  ap] 
only  low  tones  and  noises.  Baginsky,*  in  a  later  aeries  of 
ments,  opened  the  brdla  ossea  on  each  side,  destroyed  tho 
on  one  side  entirely  so  as  to  render  that  ear  deaf,  while  on  ti 
he  injured  it  in  certain  areas  only.  H 
that  when  the  ape.v  of  the  cochlea  vi 
troyed  tlie  animal  appeared  to  j>ercei 
the  high  tones,  c"',  c"",  n""'. 

Tile  fundiimentnl  principle  of  the  lliei">r 
function  of  the  cochlea  as  developed  by  H 
lias  been  .snbjiicU^i  t<i  .some  criticism.  Tlie  th 
series  of  rc-stiiiators  eaeh  reisjKiiidinp  to  ji  defi 
il(K'.«.  not  e'xplain  with  entire  sat i>;f action  son 
knuwn  acoiiKtic  phenoineim.  Thus,  it  is  kn< 
viUvn  two  notes  arc  sounded  tocethcr  comb 
tones  may  be  heard,  either  a  low  difference  to 
piti'h  i«  e<)ual  to  that  of  the  difference  bet' 
rates  of  the  two  notes,  or  a  KTinmiatiou  toi 
pitch  is  eijual  to  the  sum  of  the  vibrations  a| 
notes.  It  is  difficuh  to  eon{x>i\c  that  these  > 
tional  tones  have  an  objective  existence,  as  v| 
and  the  means  by  which  they  arc  perceive 
cochlea  is  not  ex]3laiued  satisfactorily  by  til 
of  resonators.  Other  theories  of  the  futictii 
cochlea  have  been  proposed  to  avoid  such  di 
Thu.s,  Ewald  f  suggesls  a  view  ae«'ordiiig  to  \ 
lia-sUar  membrane  vibrates  tliRiUfthont  it.s  ]< 
each  note.  He  ]i».-<  whown  that  a  niljUcr  men 
the  dirnenaions  of  the  basilar  mfiubrane  wi 
into  such  vibrations  throughout  itj?  length  h 
examined  under  the  microscope  present.**  su 
ture  a»H  is  represent  in!  in  Fig-  178,  in  which  1 
of  the  wavci^  are  at  a  fixed  iixter\'al  for  each 
at  the-HC  inter%'als  the  corresponding  hair  t 
nerve  fillers  are  supi>osed  lo  )«•  stinuilated,^ 
coneciousnesa  would  recognize  each  note  by  i 
priate  interval.  For  the  appHcntion  of  this  theory  to  muaical  ha 
combinational  tones  and  beats — reference  mu:st  be  made  to  the  origi 

•  Baginakv,  "Virchow's  Archiv  f.  pal  hoi.  .Anat.,"  04,  65,  18) 
f  EwaJd.  '^' Archiv  f.  d.  geaammte  Y\vseiio^«>©ft"  1%,  \VI,\«| 


Fig.  iva.— Tl.  il- 
lust  role  the  idea  of 
u  h\e<i  iMiunit  wnve. — 
(EunUL)  The  illus- 
trtitioii  niiuWH  u  full* 
clamcDtal  nnte  and  iu 
tirvt   ovorUmc. 
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EAR    AS   AN   ORGAN    FOR   SOUND    SENSATIONS. 

Sensations  of  Harmony  and  Discord. — The  combinatiou  of 
'notes  to  produce  various  hamionies  or  intentional  discords  is  a  part 
of  the  theory  of  music,  but  attention  may  be  called  briefly  to  the 

I  physiological  explanation  offered  by  Helinholtz  t^  account  for  the 
fact  that  certain  notes  when  combined  give  us  a  disagreeable  sen- 
Bation.  appear  rough  and  unpleasant ;  vvliile  others,  on  the  eontrar>', 
produce  pleasant  sensations.  Discord  or  dissonance  is  due,  accord- 
ing to  Helmholtz,  to  the  beats  produced  when  two  dissonant  notes 
are  sounded  together.  On  the  physical  side  the  beat, — that  is,  a 
rhythmical  variation  in  the  iiitensity  of  the  sound, — is  due  to  the 
phenomenon  of  interference.  If  the  rates  of  vibration  of  two  notes 
ftre  such  that  at  certain  interv'al.s  the  crests  tif  the  waves  fall  to- 

Igether  and  again  the  crest  of  one  coinciiles  with  the  hollow  of  the 
Other,  the  sound  sensations  will  be  perioriically  increased  and 
decreased.  Wliile  there  is  no  fundanientai  e.xfilanation  for  the 
fact  that  a  regularly  varying  intensity  of  sound  i.s  di.siigrceablc,  it 
is  a  well-knowTi  phenomenon  and  it  hnds  analogies  in  the  other 
sensations, — for  instance,  in  the  verv  tlisagreeable  efifect  of  a  flick- 
ering light.  When  two  notes  are  sounded  together  the  numljer  of 
beats  varies  with  the  difference  between  the  rates  of  vibration; 
thus,  two  notes,  one  of  128  vibrations  and  the  other  of  136  vibra- 
tions, give  8  beats  per  second.  When  the  number  of  beats 
rises  to  33  per  second  the  discord  is  most  disagreeable;  if,  however, 
the  rate  of  interference  is  more  rapid,  the  unpleasant  sensation 

K*'ecomes  less  jjerceptible,  and  beyond  132  per  secon<.l  is  not  iiotice- 
ble.  When  the  rates  of  vibrations  of  two  tones  are  such  that 
either  the  fimdamentals  nor  any  of  the  o\'crtone«  give  beats,  the 
effect  is  that  of  harmony,  the  vihratioiKs  of  one  note  strengthening 
iHlliose  of  the  other.  The  most  perfect  harmony  is  that  of  a  note 
^Bounded  simultaneously  with  another  of  the  same  rat^\  ratio  1:1. 
^K>r  with  its  octave,  ratio  1:  2.  The  various  intervals  which  in 
^■inusic  have  been  found  to  be  perfectly  consonant  or  which  var>'  so 
little  from  it  as  to  be  usable  in  harmonies  are  tliose  wliose  viljra- 
tions  bear  a  simple  ratio  to  each  other.  Thus,  tlie  octave  of  any 
joto  has  the  ratio  of  1:2,  the  double  octave  1 :  4,  the  twelfth  1 : 3. 
leee  three  inter\'al8  give  absolutely  consonant  sounds.  Other 
itervab — such  as  the  fifth,  2:3.  or  the  major  third,  4:  5 — give 
leas  perfect  consonance.  Three  or  more  notes  bearing  such  rela- 
jons  to  each  other  constitute  a  chord,  the  vibrations  in  the 
ijor  chord  being,  for  instance,  in  the  ratios  4:5:0, — c'  (128), 
e'(l6(J),  g'(192). 

The  Limits  of  Hearing. — The  rates  of  vibration  that  can  be 

jrreived  by  the  ear  as   musical  tones  lie   l)etween  fairly  well- 

lehned  limits,  although  in  this  organ,  as  in  the  case  of  the  eye, 

Ihcre   are   individual    variations, — variations,    indeed,  which    are 

lore  marked  in  the  case  of  the  ear,  since  its  range  of  appreciation 
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is  larger.  The  lowest  rate  of  vibration  that  can  cause  a  musical 
sensation  is  usually  placed  at  24  to  30  per  second,  although  some 
ears  can  still  respond  to  an  octave  lower — about  16  per  second.  To 
most  ears  vibrations  below  16  per  second  are  felt,  if  perceived  at  all, 
as  single  pulses  that  stimulate  the  sensory  nerves  of  the  tympanic 
membrane  itself,  giving  pressure  sensations  rather  than  auditory 
sensations.  It  may  happen,  however,  that  vibrations  too  slow 
to  be  perceived  by  the  ear  as  an  auditory  sensation  will  give 
overtones  of  a  higher  pitch  and  of  sufficient  strength  to  be  rect^- 
aized.  The  high  limit  of  audibility,  on  the  other  hand,  is  usually 
placed  at  40,000  double  vibrations  per  second,  although  the  various 
estimates  published  vary  so  widely  that  in  this  respect  there  must 
be  great  individual  differences.  The  shrill  notes  of  insects  are 
said  to  be  inaudible  to  some  ears.  Kdnig,  making  use  of  Kundt's 
method  of  light  powders,  succeeded  in  tuning  a  series  of  forks  to  an 
estimated  rate  of  90,000  double  vibrations  per  second.  It  was 
found  that  those  between  C7  and  c,  (8192  to  32,768)  were  generally 
audible,  while  the  Cm  (65,536)  was  inaudible.  The  limit,  theref(Mre, 
lay  between  c,  and  Cw  Notes  near  this  high  limit  are  not,  how- 
ever, usable  in  ordinary  music;  the  sensations  produced  have  a 
disagreeable,  if  not  actually  painful,  shrillness.  The  range  of 
vibrations  employed  in  music  is  illustrated  by  the  seven  octaves 
of  the  piano,  the  notes  varying  from  the  lowest  c  of  32  vibrations 
to  c,  of  4096  vibrations.  The  intervening  series  is  divided  into 
tones  whose  serial  relations  to  each  other  are  expressed  by  the 
ratios  |  or  V  and  semitones  of  the  ratio  \z  or  M ',  thus,  c''  =  256 
vibrations  and  the  d"  of  the  same  octave  corresponds  to  256  X  |— 
288  vibrations.* 

*  See  HelmholtE,  Popular  Scientific  Lectures,  "Ueber  die  physiologiscben 
Ursachen  dee  musikalischen  Harmonic,"  Bonn,  1857. 
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THE  FUNCTIONS  OF  THE  SEMICIRCULAR  CANALS  AND 
THE  VESTIBULE. 

Position  and  Structure. — The  membranous  semicircular  canals 
lie  within  the  bony  semicircular  canals,  the  space  lietweeu  being 
filled  with  perilymph  which  communicates  freely  with  that  in  the 
rest  of  the  labyrinth.  Within  the  membranous  canals  is  the  entto- 
lymph,  which  communicates  through  the  five  openings  with  the 
endolymph  in  the  utricuhia.  The  canals  lie  in  three  planes  that  are, 
approximately  at  least,  at  right  angles  to  one  another  (Fig.  179). 
Tlie  horizontal  or  external  canals  lie  in  a  horizontal  plane  at  right 
angles  to  the  mesial  or  sagittal 
plane  of  the  body,  and  the  verti- 
cal canals  on  each  .side  make  an 
angle  of  al)out  45  degrees  with 
t-his  mesial  plane.  The  plane  of 
each  of  the  anterior  canals  is 
parallel  to  that  of  the  posterior  or 
inferior  vertical  canal  of  the  op- 
posite side,  as  represented  in  the 
At  one  end  of  each  canal, 
its  junction  with  the  utricu- 
lus,  is  the  swelling  known  as  the 
ampulla,  and  within  the  ampulla 
lit«  the  crista  acustica,  containing 
the  hair  cells  with  which  the  nerve 
fibers  communicate,  and  which, 
therefore,  are  consitlered  as  the 
sense  cells  of  the  organ.  The  hair 
cells  are  cylindrical  ami  each 
gives  off  a  long  hair,  consisting 
perhaps  of  a  bundle  of  finer 
hairs,  which  projects  int«  the 
int<*riorof  the  canal  for  a  distance 
of  at  least  28/a.  The  nerve  fibers 
distributed  to  these  hair  cells  are  given  off  by  the  vestibular  branch 
of  the  eighth  nerve,  or  more  properly  the  vestibular  nerve,  one 
branch  of  which  (ramus  utriculo-ampu Maris)  supplies  the  utriculus 
and  the  ampulla  of  the  superior  and  horizontal  canals,  while  the 
other  (ramus  sacculo-ampullaris)  furnishes  fibers  to  the  sacculua 
And  the  posterior  ampulla. 
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Fig.  179. — Diaicnkin  to  show  thepisi- 
tion  of  llie  MinicircuUr  caiiaU  in  the  bend 
of  the  bird.  On  each  i"ide  it  will  be  e«Mi 
that  the  three  L-aiinl^  lie  in  planer  at  nj;ht 
anelea  to  one  another.  The  external  or 
horiiohtal  canala  (E>of  the  two  sides  tie 
in  the  same  plane.  The  aoteiior  canal  of 
one  jiide  (A)  lies  in  a  plan«  pamllel  to  that 
of  the  posterior  canal  (P)  of  the  other  «da 
(Ewald). 
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Flourens's  Experiments  upon  the  Semicircular   Canals. — - 

Modern  experiments  mid  theories  eoacerriing  the  fum'tinns  of  tlae 
semicircular  canal  date  from  the  classical  researches  of  Flourea^* 
(1824).  This  investigator  laid  hare  the  canals  in  biriis  and  maix^- 
mals  and  studied  the  effects  of  sections  of  one  or  more  of  then^- 
The  experiments  have  since  been  repeated  by  numerous  observer*^! 


,▼" 


FiE.  180.  —  Disaectiun  to  show  the  po.iilioii  of  the  three  aemicirrulnr  canala  in  the  pixnuo 
and  ibe  reUtiona  of  their  uiupullary  eucU  ^froto  prepantioD  nuuie  by  Dr.  E«th^r  Rot^tf 
cr&Dts). 


and  the  results  olvtained  have  l^een  descrlljcd  in  great  detail,  for  an 
account  of  wliich  reference  must  be  made  to  original  sources.^  la 
general,  it  niay  be  said  tiiat  injuries  to  the  canals  are  followed  by 
certain  more  or  less  definite  mo%"eraents  of  the  head,  e}es,  and  lx)dy, 
and  b}'  a  disturbance  in  the  power  of  the  animal  to  co-ordinate  nor- 
mally the  muscles  used  in  standing,  locomotion,  or  fiving.  The 
character  and  extent  of  these  results  vary  with  the  numlier  of 
canals  injured,  and,  indeed,  show  a  more  or  less  definite  relationship 

*  Floarens,  "  Recherchen  ejcprf'riraenfales  sur  les  propridt^  et  les  foQctiona 
du  systemc  nerveux,"  secomi  edition,  IS42. 

t  The  literature  of  the  semicirc;il;ir  canab  and  the  vestibule  is  very  ex- 
tensive. The  compiel«  Ijihhograpliy  may  be  obtained  from  llie  following 
sources  :  "  Die  Lehrcn  von  den  Funktioncn  tier  einzclnen  Theile  des  Ohrlaby- 
rinths."  by  von  Sti'in,  1894:  Richet'a  "  I>ictir>nnaire  da  Phyaiologie,"  article 
by  Cyon,  on  "Eapace,"  1900.  Ewald,  "Physiolog.  Untersuchungea  u.  d 
Elndorgan   des  nervua  octavus,"    1892. 
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several  canals.  TAHien  the  horizontal  canal  is  cut  on  one  side 
in  pigeons  the  animal  makes  inovements  of  the  head  in  the  phme  of 
that  canal,  and  if  the  similar  canal  on  the  other  side  is  also  sec- 
tioned these  movements  are  more  pronounced.  The  animal  may 
also  in  moving  show  an  inability  to  walk  normally  and  a  tendency, 
especially  when  excited,  to  make  abnormal  forced  movements  of 
rotation  of  the  whole  body.  After  such  an  operation  the  pif^eon  will 
not  fly  voluntarily  antl  if  thrown  into  the  air  is  not  able  to  guide 
its  flight  with  accuracy  and  soon  tlescends.  .Similar  operations 
on  the  anterior  or  the  posterior  canals  cause  movements  of  the  head 
in  the  corresponding  planes  and  a  tendency  in  walking  or  flying 
to  make  forced  movements — ^somersault^ — forward  or  backward. 
Wlien  all  three  canals  are  cut  on  one  or  !K>th  sides  the  animal  shows 
a  distressing  inabiUty  to  maintain  a  normal  position.  The  head  is 
twisted,  it  is  not  able  to  stand  unless  supported,  and  any  attempt 

[at  walking  or  flying  results  in  violent  forced  and  iuco-ordinated 
movements.    The  animal   makes  continual  somersaults  at  each 

[attempt  to  stand  or  walk  and  the  head  is  kept  in  spasmodic,  forceful 
movements,  which  may  produce  injury  or  death.  To  pre-serve  the 
aninml  from  injury  after  such  an  extensive  ojwrutiou  it  is  necessary 
to  keep  it  \^Tap[ied  in  bandages.  It  shouhi  be  added  that  results 
of  this  character  are  obtained  only  when  the  membranous  canals 
are  injured.  If  the  bony  canal  alone  is  cut  and  even  if  the  i^eri- 
lymph  is  removed  by  suction  no  such  effects  arc  obtained.  At 
most  slight  and  relatively  transient  movements  of  the  head  are 
obser\-ed.     If  the  exposefl  membranous  canal  is  pricked  with  a 

.needle more  violent  movements  result,  and  if  sectioned  these  move- 
ments are  maintained  for  a  longer  perioci  and  are  accompanied  by 
the  other  results  describe(i.     t^imilar  efifects   have    been  obtained 

[from  operations  on  mammals  and  otiier  animals,  but  the  results 
are  more  pronounced  in  some  animals  than  in  others,  varying 
apparently  with  the  delicacy  of  the  co-ordination  necessary  to  the 
movements  (Ewald).  Thus,  the  movements  of  walking  or  flying 
in  the  pigeon  may  be  assumed  to  reciuirtr  a  nicer  adju.stment  of  the 

I  muscles  used  than  is  necessar\'  in  the  swimming  movements  of  the 
fish,  and  in  corresjxtndence  with  this  idea  it  is  found  that  opera- 
tions on  the  canals  of  fishes  are  not  followed  by  conspicuous  effects 

[upon  the  movements  of  the  animals. 

Temporary  and  Permanent  Effects  of  the  Operation,— The 
general  effects  of  openitions  ou  the  scniicircular  canals,  so  far  as 
disturi)ances  of  etjuiUbrium  and  occurrence  of  forced  movements 
are  concerned,  resemble  those  resulting  from  operations  uj>on  the 
cerebellum,  and,  as  in  the  case  of  the  last  mentioneil  organ,  it  is 
foimd  by  most  obser\-ers  that  if  the  animal  is  jiroperly  cared 
for  the  severity'  of  the  first  effects  passes  off  to  a  greater  or  less 


I 


n 


DigitizGd  by' 


"'^^ 


G^wtle 


THB   BPECIAL   SENSES 


extent.     Flourens  states  that  his  pigeons,  with  two  or  more  canals 
cut,  continued  to  show  the  effects  of  the  oi)eration  almost  with  the 
same  intensity  for  nearly  a  year.    Some  unpublished  experiments 
made  in  the  author's  laboratory   have  given   different  results.* 
Pigeons  vnih  only  one  canal  cut  recover  practically  completely 
within  ten  or  more  days.    Those  with  two  canals  cut  recover  nearfy 
completely  within  a  month,  so  far  as  walking  is  concerned,  although 
they  exliibit  an  unwillingnejis  to  fly.    Those  with  three  or  more 
canals  cut  never  recover  completely,  but  their  final  condition  is  vex^' 
different  from  that  exhibited  shortly  after  the  operation.     Eve** 
when  all  six  canals  have  been  cut  the  animal,  if  well  cared  for  in  tfcx* 
beginning,  is  able  finally  to  stand  and  walk  and  feed  itself,     t  '•' 
is  not  able,  however,  to  fly,  and  in  walking  its  progress  is  uncertaic*  « 
there  is  a  tendency  to  walk  zigzag  or  in  circles,  first  to  one  side,  the*^ 
to  the  other.     If  hurried  or  excited  some  return  of  the  violen.  ^ 
movements  of  the  head  and  inco-ordination  of  the  movements  o:^ 
locomotion  may  be  seen.     If,  instead  of  cutting  the  canals,  th^^ 
ampuUte  are  destroyed,  the  initial  effects  of  the  operation  seen»c  f 
to  be  less  violent,  owing  possibly  to  the  fact  that  in  the  former' 
case  the  irritative  effects  of  the  lesion  still  have  the  end  organs 
in  the  ampulhe  to  act  upon.     Pigeons   with  all  six   ampullsp 
destroyed  may  make  eventutdly  :in  excellent  recovery.     Within 
a  few  months  they  walk  and  perch  with  little  difficulty  when 
not  frightened.     In  the  matter  of   flying  they  do  not  recover 
their  former  skill,  but  this  may  be  due  to  lack  of  practice,  since 
in   the   experiments    quoted    (Rosencrantz)    no   provision    was 
made  for  exerci.se  in  flying.    The  \ery  marked  degree  of  recovery 
noted,  even  after  loss  of  atl  six  ampulla-,  seems  to  be  due  to  the 
fact  that  the  animal  learns  to  use  his  other  sensory  data  in 
co-ordinating  hLs  muscles.     If  after  a  nearly  complete  degree  of 
recovery  has  taken  place  a  new  operation  is  performed  in  which 
the  canals  are  cut,  the  resulting  disturbance  to  motion  is  relatively 
small  and  soon  passes  off.     That  there  is  any  effect  at  all  from 
the  second  operation  may  be  due  to  the  emptying  of  the  endo- 
lymph  and  the  con.sequent  effect  upon  the  remaining  ampullse, 
or,  if  these  liad  all  been  previously  destroyed,  to  the  effect  upon 
the  sense  (trgans  of  the  vestibular  sacs. 

Effect  of  Direct  Stiinulation  of  the  Canals. — The  membranous 
canals  or  their  ampuUary  enlargements  have  been  stimulated 
by  many  observers  an<l  by  many  different  methods — electrical, 
chemical,  and  mechanical.  The  results  of  electrical  stimulation 
are  not  constant  nor  striking,  but  chemical  and  especially 
mechanical  stimulation  in  the  hands  of  many  observers  has  called 
fortii  definite  movements  of  head  or  eyes  similar  in  a  general 
*  Experiinents  lasting  over  two  years  made  by  Dr.  E.  Rosencrant 
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■way  to  those  caused  by  section  of  the  canal,  but  lasting,  of 
course,  for  a  short,  time  only.  In  the  dog-fish,  Lee*  finds  tliat 
pressure  upon  an  ampulla  causes  movements  of  the  eyes  and 
fins  8U('h  as  would  occur  normally  if  the  animal's  body  were 
rotated  in  the  plane  of  the  canal  stimulated. 

Effect  of  Section  of  the  Ampullary  or  the  Acoustic  Nerve. — 
Many  of  the  older  and  newer  observers  have  cut  one  or  both  of  the 
acoustic  nerves  or  destroyetl  the  entire  labyrinth  on  one  or  both 
sides.  The  efTects  described  var\'  somewhat  with  the  animals  used, 
but,  in  general,  section  of  the  nerve  on  one  side  is  followed  by 
forced  movements,  especially  by  rolling  movements  around  the 
long  axis  of  the  body.  When  the  nerves  are  cut  on  both  sides 
disturbances  in  the  power  to  maintain  equilibrium  perfectly  are 
more  or  less  distinctly  marked.  In  fishes  (dog-fish)  the  animal  may 
swim  or  come  to  rest  in  unusual  jMsitions, — on  the  back  or  side,  for 
instance. 

Is  the  Effect  of  Section  of  the  Canals  Due  to  Stimulation? — 
The  movements  that  result  from  section  of  one  or  more  of  the  canals 
have  been  attributed  by  some  authors  to  stimulations  set  up  by  the 
injury  caused  by  the  operation,  and  by  others  have  been  considered 
as  a  result  of  the  falling  out  of  the  stinndi  nonnatlj'  and  constantly 
proceeding  from  the  canals.  This  fundamental  question  has  not 
been  decided.  On  the  one  hand,  the  movements  observed  are  simi- 
lar to  those  caused  by  excitation,  which  would  indicate  that  a  stimu- 
lation 18  set  up  l)y  the  operation.  On  the  other  hand,  the  effects  are 
80  long  lasting  as  to  n»ake  it  improbable  that  they  are  entirely  due  to 
the  irritation  of  the  operation.  Moreover,  Gaglio  f  states  that  when 
the  spot  operated  upon  is  cocainized  the  same  effects  follow.  Indeed, 
cocaunizing  the  membranous  canals  gives  the  same  results  as  cutting 
them.  It  is  possible,  of  course,  that  both  processes  take  place,  an 
irritative  stimulation  and  a  falling  out  of  normal  impulses,  the 
effects  of  the  latter  being  longer  lasting. 

Theories  of  the  Functions  of  the  Semicircular  Canals. — As 
indicated  briefly  above,  the  facts  regarding  injur>'  to  and  stimulation 
of  the  semicircular  canals  are  ver>'  numerous  and,  on  the  whole, fairly 
concordant.  Their  interpretation,  however,  has  offered  great  dif- 
ficulties, and  many  views  have  lieen  proposed ;  almost  every  inves- 
tigator, in  fact,  has,  to  some  extent,  varied  in  his  interpretation  of 
the  precise  functional  significance  of  these  organs.  J  These  views 
ruay  be  classified,  although  imperfectly,  under  the  following  heads: 

1.  The  old  view,  first  proposed  by  Autenrieth  (1802),  that  the 

•  Le«,  "  Jouraul  of  Physiology,"  15,  :i28,  ]90:}. 
t  Gaglio,  ".•Vrchivt's  ital.  tie  biologic,"  31,  377,  1S99. 
j  For  ii(letailed  and  complete  arfoiint  of  those  views  to  189*2,  oee  St<>in, 
"  Die  l>;hren  von  den  Fuaktiunea   iler  fiz*.4nen  Theile  des  Ohrlabyrinths," 
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canals  or  their  sense  cells  arc  stimulated  by  sound  waves  and  give 
UB  the  means  of  determining  the  direction  of  sound  in  accordance 
with  their  position  in  three  planes  at  right  angles  to  one  another. 
This  view  has  been  revived  from  time  to  time  by  recent  writers. 

2.  Flourens  himself  believed  that  the  impulses  normally  pr 
ing  from  these  organs  serve  to  moderate,  or,  as  we  should  say  now,' 
to  inhibit  the  movements  of  the  head.  As  soon  as  the  canals  are  cut 
the  movements  that  have  been  kept  under  control  by  their  influence 
are  unrestrained.  On  this  view  the  semicircular  caxuils  are 
organs  which  reflexly  inhibit  or  restrain  the  voluntary  movements, 
and  thus  take  an  essential  part  in  the  profxr  co-ordination  of  such 
movements.  He  did  not  attempt  to  define  the  physiology  of  the 
organs  in  terms  of  the  sensations  aroused. 

3.  The  view  that  the  stimulus  to  the  hair-cells  is  to  be  found  in 
the  var>'ing  pressure  of  the  endolvTnph.  As  first  proposed  by  Golti 
(1870),  it  was  assumed  that  the  endolymph  exerts  a  hydrostatic 
pressure  upon  the  hair  cells  which  in  any  given  position  varies  in  the 
dififerent  ainpullas  and  varies  with  different  positions  of  the  head. 
The  sensory  impmlses  thus  aroused  give  us  a  knowledge  of  the  posi- 
tion of  the  head  and  enable  us,  therefore,  to  control  its  movements 
and  also  those  of  the  UkIv.  On  tliis  view  these  organs  act  as  i 
organs  in  maintaining  lx>dy  equilif>rium  and  may  be  designated 
peripheral  sense  organs  of  equilibrium.  Later  observers  (Mach, 
Breuer,  Brown,  et  al.)  modified  this  view  by  the  assumption  that  the 
hair  cells  are  stimulated  not  so  much  by  the  hydrostatic  pressure  of 
the  endolymph  as  by  the  pressure  changes  developetl  during  move- 
ments of  the  hea<l,  making  the  organs,  therefore,  a  means  of 
appreciating  especially  the  movements  of  the  head,  a  dynamie 
rather  than  a  hydrostatic  organ  of  equilibrium.  It  was  assumed 
that  rotation  movements  of  the  head  in  the  plane  of  a  canal  set  up 
a  movement  or  pressure  of  the  endolymph  in  the  opposite  direc- 
tion, just  as,  to  use  a  rough  comparison,  when  one  twirls  a  pail  o£ 
water  in  one  direction  the  water  lags  beliind  and  exerts  a  pi 
in  the  opix)8ite  diret;tion.  According  to  this  hypothesis,  which 
in  some  form  or  other  is  the  view  usually  taught,  the  hair  cells  in 
each  ampulla  are  stimulate!  chiefly  by  movements  in  the  plane  of 
that  canal  towani  the  ampulla,  the  pressure  of  the  endolymph  b©- 
ing  in  the  op|Kwite  direction, — that  is,  from  utriculus  toward 
canal.  Mf>reovrr.  the  vertical  canals  act  in  pairs  (see  Fig.  179), 
superior  or  unt<'ri<»r  vertical  of  one  side  acting  with  the  posteriori 
inferior  vertical  of  the  other  side,  the  two  canals  lying  in  ptaralli 
planc«.  Moventents  in  thi.s  plane  forward  would  stimulate 
anterior  ampulla  on  one  n'uie  chiefly,  movements  in  the  same  pla 
backward,  the  jxist^'rior  ampulla  of  the  opposite  side.  The  hori^ron- 
tal  canalH  als<>  :\ri  together,  being  stimulated  chiefly  by  rotational 
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movements  in  the  horizontal  plane,  the  hair  cells  in  one  responding 
chiefly  to  movements  in  one  direction,  the  other  to  movements  in 
the  same  plane,  but  in  the  opposite  direction.  Rotational 
movements  in  other  planes — sagittal,  oblique,  etc. — would 
affect  two  or  more  of  the  pairs  of  canals  in  proportion  to  the 
degree  that  each  is  involveil  in  the  movement  on  the  principle  of 
the  parallelogram  of  forces.*  By  a  mechanism  of  this  sort  it 
may  be  supposed  that  we  are  infonned  regarding  the  plane,  di- 
rection, and  extent  of  the  movements  of  the  head  and  are  thereby 
enabled  to  control  these  movements.  The  canals  function  es- 
pecially as  a  dynamic  organ  of  equilibrium,  but  may  also  give  us 
guiding  sensations  when  the  movements  are  progressive  rather  than 
rotation&l,  and  also  when  the  head  is  at  rest,  although,  as  is  ex- 
plained below,  this  last  function  is  by  some  relegated  to  the  hair 
cells  of  the  utriculus  and  sacculus.  According  to  this  view,  the 
loss  of  the  power  of  maintaining  exact  equilibrium  after  injuries  to 
the  canals  or  section  of  the  nerves  may  be  explained  by  supposing 
that  false  sensations  are  experienced  and  false  compensatory  move- 
ments are  made.  So,  also,  the  vertigo  experienced  after  continued 
rotation  may  be  attributed  to  abnonnal  stimulation  of  these  sense 
organs, — a  view  that  finds  some  support  in  the  fact  that  many 
deaf-mutes,  whose  internal  ear  is  siip]Mjsed  to  be  tleficient,  do  not 
experience  vertigo  after  rotation,  and  in  animals  with  the  labyrinth 
destroyed  rotational  movements  fail  to  give  the  symptoms  of 
vertigo. 

4.  Cyont  has  advocated  the  view  that  the  semicircular  canals 
ctmstitute  an  organ  for  the  perception  of  space  in  its  three  dimen- 
sions. Each  canal  or  pair  of  canals  gives  us  the  sense  of  direction 
in  its  own  plane,  and  the  fact  that  we  have  three  pairs  in  planes 
at  right  angles  to  one  another  gives  the  physiological  founftation 
of  our  conception  of  space  in  three  dimensions.  Ou  this  fun- 
damental conception  of  space  are  projected  the  additional  space 
conceptions  derived  froni  our  visual,  tactile,  and  muscle  senses. 
This  author  Is  not  specific  in  stating  by  what  means  the  sensory 
cells  in  the  three  canals  are  stimulated.  In  addition  to  the 
sensations  of  direction  and  of  space  furnished  by  the  canals, 
the  nerve  impulses  from  them  are  supposed  to  co-ordinate  the 
action  of  the  motor  centers  concerned  in  movements  of  the 
head  and  body. 

5.  Ewald,  while  accepting  the  general  \'iew  that  the  sense  cells 
are  stimulated  by  the  pressure  of  the  enilolymph.  lays  stress  upon 
the  fact  that  the  nerve  impulses  thus  aroused  have,  as  their  main 

•  Conwilt  Lee,  loc.  cit. 

t  E.  von  Cyon,  "  Das  Ohrlabyrinlh  ols  organ  der  matematiachea  Sinne 
Ite  Rauni  uad  Zcit.,"  1908. 
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result,  a  reflex  effect  upon  the  tonicity  of  the  voIuntar>'  ai 
tore.  The  constant  flow  of  impulses  from  these  organs  sQi 
maintain  the  muscles  in  a  normal  condition  of  tone.  In  I 
with  the  labyrinth  destroyed  on  both  sides  the  body  mus0 
is  flabby  and  lacking  in  tonicit)-.  On  this  view,  therefore,  tb 
circular  canals  constitute  what  might  be  called  a  muscle-ton? 
and  the  obvious  disturbances  in  motion  caused  by  their  inji 
due  primarily  to  a  diminution  or  loss  in  muscle  tone,  ead 
possibly  being  refiexly  connected  with  special  muscles.  J 
Summary, — With  reference  to  the  kind  of  sensation  ml 
by  the  nerves  of  the  semicircular  canals,  it  should  be  borne  i 
that  these  sensations  are  not  distinctly  recognized  by  consciQ 
hence  the  difficulty  of  designating  them  by  a  specific  naQ 
the  many  quahties  of  sensation  or  consciousness  which  i 
distinguish  some  have  characteristics  so  clear  that  we  rei 
them  at  once  and  give  them  distinctive  names, — ^such,  for  Iii 
as  the  sensations  of  sight,  hearing,  taste,  etc.  Others,  h^ 
produce  a  psychical  reaction  of  such  an  indefinite  charaeo 
they  escape  recngmtion  by  mere  introsjMjction,  The  change  J 
sciousness  is  not  suthciently  marked  to  make  itself  felt  to  ^ 
trained  mind.  This  condition  prevails  regarding  the  sens 
if  any,  aroused  through  the  sfmicirculur  canals;  Ihey  a 
indistinct  to  be  recognized  and  named  by  an  appeal  to  con 
ness,  and  it  would  seem  to  l)e  wiser  to  designate  them  afj 
analogj'  of  the  muscle  sensations  simply  as  semirirrulai 
sensation-s.  Our  perceptions  or  ideas  of  space  and  direct! 
possibly  founded  in  part  upon  these  reactions  and  in  part 
the  muscle  sense,  visual,  and  tactile  sensations.  Our  rea 
with  regard  to  the  semicircular  canal  sensation-s  would  bi 
satisfactory  if  it  could  be  shown  that  the  vestibular  nerv^ 
ending  in  the  ponSj  was  continued  forward  by  sensory  pa 
the  corte-x  of  the  cerebrum.  As  a  matter  of  fact,  such  pata 
not  been  demonstrated,  and  if  we  assume  that  conscious  sen( 
are  mediated  only  through  the  cortex  of  the  cerelirum  w< 
no  anatomical  proof  that  the  semicircular  canals  give  u 
reaction  in  consciousness.  The  veslilnilar  nerve  fiber's  end 
nucleus  of  Deiters  and  the  nucleus  of  Bechterew,  through^ 
reflex  connections  are  establi.shed  with  the  motor  centers' 
spinal  and  possibly  the  crani.il  nerves.  There  is  a  conn 
al.so  with  the  nucleus  fastigii  of  the  cerebellum  and  tl 
this  possibly  with  the  cerebellar  cortex,  although  this 
connection  has  not  been  actually  demonstrated.  With 
to  the  influence  of  the  nerve  impulses  from  the  semicircular! 
upon  movement's,  ail  the  facts  known  seem  to  indicate  tha 
pla)-  an  important  part   in  the  regulation  or  co-ordination 
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movements  of  equilibrium  and  locoraotton.  Inasmuch  as  this  gen- 
eral eo-ordiuat ion  or  control  seems  to  rest  normally  in  the  nervous 
mechanisms  of  the  cerebellum  and  inasmuch  as  the  vestibular 
nerves  probably  make  connections  with  the  cerebellum,  we  may 
assume  that  the  cerebelhim  forms  the  brain  center  through  which 
the  semicircular  canal  impulses  exert  their  influence  upon  co-ordin- 
ated muscular  contractions — the  cerebellum  forms  the  nerve  center 
for  the  semicircular  canals,  or  the  semicircular  canals  form  a  periph- 
eral sense  organ  to  the  cereliellum.  Some  such  hypothesis  seems  to 
be  necessary  to  account  for  the  general  .similarity  between  the 
effects  of  lesions  of  the  canals  and  of  the  cerebellum.  Whether  the 
impulses  from  the  canals  are  excitatory  or  inhibitory  or  both,  as 
regards  their  effect  upon  muscular  contractions,  is  not  clearly 
apparent  from  the  experimental  evidence  so  far  furnished,  but 
Ewald's  suggestion  that  they  serve  to  maintain  reflexly  tlie  tonus 
of  the  body  musculature  is  perhaps  the  most  acceptable  view. 
In  regard  to  the  means  by  which  these  nerves  are  normally  stim- 
ulated there  is  also  much  room  for  conjecture,  but  provisionally 
at  least  it  seems  permissible  to  adopt  the  view  that  variations 
in  the  pressure  of  the  endoSymph  upon  the  hairs  of  the  hair  cells, 
especially  in  movements  of  rotation,  constitute  the  immediate 
cause  of  their  excitation.  Granting  that  changes  in  position  or 
movement  of  the  head  may  cause  such  variations  in  pressure  the 
theorv'  offers  a  simi)le  and  satisfactorj'  explanation  of  the  mode 
of  excitation  and  the  means  by  which  the  excitation  may  vary 
appropriately  under  different  conditions.  While  the  endolyinpb 
theory  may  Ijc  criticized  easily,  no  other  ef|ually  satisfactory  theory 
has  been  suggest-ed  to  take  its  place. 

Functions  of  the  Utriculus  and  Sacculus. — These  small  sacs 
contain  sen.sory  hair  cells  similar  in  gcrifral  structure  to  thcxsc  found 
in  the  cristse  of  the  ampullary  sacs.  Each  collection  of  hair  cells, 
together  with  the  supporting  cells,  is  designated  as  a  macula.  One 
of  these  is  found  in  the  utriculus,  the  macula  utriculi,  and  another 
in  thf  sacculus,  the  macula  .sacculi.  fjving  among  the  hairs  of  the 
hair  cell  are  found  nia.s.ses  of  small  cry.stals  of  calcium  carljonate, 
the  otoliths  or  otoconia.  In  this  resi>ect  the  structure  of  the 
iDHcula  differs  strikingly  from  that  of  the  crista.  The  pt>sition  and 
comiections  of  the  utriculus  and  sacculus  lead  at  first  naturally  to 
the  supposition  that  they  are  stimulateil  l>y  the  soun<l  waves  of  the 
perilymph,  and  are,  therefore,  concerned  in  the  function  of  hearing. 
Tl»e  accepted  views  regarding  the  functioas  of  the  cochlea  in  hearing 
make  this  organ  sufficient  for  all  auditory  purposes,  and  there  is  no 
.specific  part  of  this  process  that  need  be  attributed  to  the  vestibu- 
lar sacs.  It  was,  indeed,  at  one  time  suggest^-d  that  their  structure 
adapts  them  to  respond  especially  to  short  and  irregujar  vibrations, 
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but  no  cogent  reasons  or  facts  have  been  aclvancpcl  ia  support  this 
view.     The  fact  that  the  sacs  are  so  closely  connected  with  the 
aenucircular  canals  suggests  rather  tliat  the  functions  of  these  organs 
are  similar  and  that  like  the  canals,  therefore,  they  influence  tbfc 
contractions  of  the  rouscles  and  function  as  organs  of  equilibriui*- 
In  recent  years  the  view  that  lias  l>een  most  discussed  is  that  »^' 
vaneed  by  Breuer, — namely,  that  these  organs  give  us  information 
reganljng  the  pi:»sition  nf  the  head  when  at  rest  and  when  ma-l*' 
ing  progressi%'e — that  is,  non-rotar>' — movements,  sup]}len>entir».^» 
therefore,  the  functions  of  the  semicircular  canals  on  the  suppositic^^ 
that  these  latter  act  esj^ecially  in  movements  of  rotation.     Or,  as    ^^ 
is  sometimes  expressed,  the  sacs  form  a  static  and  the  canals  a  dy*'" 
namic  organ  of  equilibrium.     According  to  this  view,  the  otoUtl»-^ 
act   as  a  mean.s  of  niet;hanical  stimulation  of  the  hairs.     fiein^Sl 
heavier  than  the  endotyniph,  they  press  ujion  the  hairs  with  a  fo 
varj'ing  with  the  position  of  the  head  and  thus  give  rise  to  sensatio: 
or  reflexes  which  are  adapted  to  the  maintenance  of  equilibrium^— 
Since  the  j>lanes  of  the  two  sacs  are  ilifferent ,  they  may  be  tliffer — ■ 
ently  aifected  by  the  same  position  or  movement.     So  also  in  pro— 
gressive  movements  forward  the  weight  of  the  otoliths  may  te  im- 
agined to  exercise  a  stress  of  some  sort  upon  the  hairs.     This  theory 
has  been  the  subject  of  much  investigation,  numerous  experimenta 
having  been  uia<le  chiefly  upon  fishes  and  invertebrates.*    Accord- 
ing to  some  observers  destruction  of  these  sacs  or  section  of  their 
nerves  is  accompanied  by  a  distinct  interference  with  the  fish's  nor- 
mal equilibrium:   the  animal  swims  at  times  upon  its  back  or  side 
and  apparently  loses  its  normal  means  of  judging  correctly  its  posi- 
tion.    In  many  invertebrates  there  is  present  a  sac,  known  as  the 
otocyst,  containing  hair  cells  and  otoliths.     Its  structure  resembles 
that  of  the  vestibular  sacs  of  the  mammalian  ear,  and  it  has  been 
assumed  that  it  has  a  similar  function.     Experimenta  by  numerous 
observers  have  indicatjed  that  when  the  otoliths  are  removed  the 
animal  shows  tJLsturbances  in  eciuiltbrium,  particularly  in  the  matter 
of  the  compensiitory  movements  exhibite<l  during  rotation.  Others, 
however,  deny  these  facts  and  state  that  invertebrates  without  oto- 
cysts  make  comfiensatory  movements  ^^•hen  rotateil  and  that  in 
those  with  otocysts  compensatory  movements  and  maintenance  of 
normal  efptilibriimi  persist  after  dcstnirtion  of  the  sacs.     A  very 
ingenious  experiment  reported  by  Ivrcidl  seems  U>  show  that  the  oto- 
liths may  affect  the  hairs  by  their  weight.     When  the  i>ala?raon,  a 
crustacean,  molts  it  casts  off  the  inner  hning  of  the  otocyst,  together 
with  the  otoliths.    The  otocyats  in  these  animals  lie  at  the  base  of 

*  Cooflult  the  foUowitig  papers:  Sewall,  "  Journal  of  Physiology,"  4,  .339, 
1884;  Lee,  I'&i^.,  15,  311,  1893,  aad  "American  Jouraal  of  Physiology,"  1, 
128,  1898;  Lyon,  "American  Journal  of  Peychology,"  3,  86,  1900. 
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the  antennules  and  open  freely  to  the  exterior.  After  molting  the 
animal  by  means  of  its  claws  places  fine  grains  of  sand  in  the  otocyst 
to  act  as  otoliths.  Taking  advantage  of  this  peculiarity,  KreidI 
placed  the  animal,  after  molting,  upon  finely  powdered  iron,  with 
the  result  that  some  of  the  iron  granules  were  deposited  in  the  oto- 
cyst in  place  of  the  usual  grains  of  sand.  When  now  a  magnet  was 
brought  near  to  the  animal  reactions  were  obtained  which  showed 
that  the  pressure  of  the  iron  upon  the  hairs  influenced  its  position. 
The  position  taken  by  the  animal  under  these  conditions  was  such 
as  would  be  expected  as  a  resultant  of  the  forces  of  magnetism  and 
gravity,  and  the  experiment,  therefore,  justifies  the  hypothesis  that 
under  normal  conditions  gravity  affects  the  otoliths  and  through 
them  the  muscular  co-ordination  of  the  animal.  These  experiments 
have  been  confirmed  by  Prentiss.*  This  author  has  shown, 
moreover,  that  if  larval  lobsters  (4th  stage)  are  prevented  from 
obtaining  otoliths  after  moulting  by  placing  them  in  filtered  sea- 
water,  their  movements,  like  those  of  larvae  deprived  of  their 
otocysts,  show  a  distinct  instabiUty  and  lack  of  normal  orientation. 

*  Prentiae,    'Bulletin  of  Museum  of  Comparative  ZooIc«y,"    Harvard, 
1901.  xxxvi..  No.  7. 
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BLOOD  AND  LYMPH. 


CHAPTER  XXII. 


GENERAL  PROPERTIES:   PHYSIOLOGY  OF  THE 
CORPUSCLES. 

The  blood  of  the  body  is  contained  in  a  practically  closed  8>-8ter^^ 
of  tubes,  the  blood-vessels,  within  which  it  is  kept  circulating  by  th«^" 
force  of  the  heart  beat.     It  is  usually  spoken  of  as  the  nutritive 
liquid  of  the  i>ody,  but  its  functions  may  be  stated  more  explicitly,  al-' 
though  still  in  cjuite  general  terras,  by  saying  that  it  carries  to  the  tis- 
sues foodstuffs  after  they  have  been  properly  prepared  by  the  diges- 
tive organs;  that  it  transporta  to  the  tissues  oxygen  absorbed  from 
the  air  in  the  lungs;  that  it  carries  off  from  the  tissues  various  wtLste 
products  fomied  in  the  processes  of  disassimilation ;   that  it  is  the 
medium  for  the  transmission  of  the  internal  secretion  of  certain 
glands;  and  that  it  aids  in  equalizing  the  temperature  and  water 
contents  of  the  body.     It  ia  quite  obvious,  from  these  statements, 
that  a  complete  consideration  of  the  physiological  relations  of  the 
blood  would  involve  substantially  a  treatment  of  the  whole  subject 
of  physiolog}'.     It  is  proposed,  therefore,  in  this  section  to  treat  the 
blood  in  a  restricted  way, — to  eonsiiler  it,  in  fact,  as  a  tissue  in  itself, 
and  to  study  its  composition  and  properties  without  special  reference 
to  its  mitritive  relationship  to  other  parts  of  the  body. 

Histological  Structure. — The  blood  is  composed  of  a  liquid  part, 
the  j^asrna,  in  which  float  a  vast  number  of  microscopical  bodies,  the 
blood  corpuscles.  There  are  at  least  three  different  kinds  of  cor- 
puscles, known  respectively  as  the  red  corpuscles  or  eiylhrocytes; 
the  white  corpuscles  or  leucocytes,  of  which  in  turn  there  are  a 
number  of  different  kind.s;  and  the  blood  plates.  Blood-plasma, 
when  obtained  free  from  corpuscles,  is  perfectly  colorless  in  thin 
layers, — for  example,  in  microscopical  preparations;  when  .seen  in 
large  quantities  it  shows  a  slightly  yellowish  tint,  the  depth  of 
color  vaPt'ing  with  different  animals.  The  re<l  color  of  blood  is 
not  due,  therefore,  to  coloration  of  the  biood-piaema,  but  is  caused 
by  the  mass  of  red  corpuscles  held  in  suspension  ia  this  liquid 
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The  proportion  by  bulk  of  plasma  to  corpuscles  is  usually  given, 
roughly,  us  two  to  one. 

Blood-serum  and  De^briruited  Blood. — In   connection  with  the 
explanation  of  the  term  "  blooti-phusma  "  just  given  it  will  he  con- 
venient io  define  briefly  the  terms  "  blooci-sentm  "  and  "defihrin- 
ated  blood."     Blood,  after  it  escapes  from  the  vessels,  usually  clots 
or  coagulates;  the  nature  of  this  process  is  discussed  in  detail  on 
page  445.    The  clot,  as  it  forms,  gradually  shrinks  and  sc^ueezes  out 
a  clear  liquid  to  which  the  name  blood-serum  is  given.    Senim  re- 
sembles the  plasma  of  normal  blond  in  general  appearance,  but  dif- 
fers from  it  in  composition,  as  will  be  explained  later.     At  present 
we  luay  say,  by  way  of  a  preliminary  definition,  that  blood-serum  is 
the  liquid  part  of  blood  after  coagulation  has  taken  place,  as  blood- 
plasma  is  the  liquid  part  of  blood  before  coagulation  has  taken  place. 
If  shed  blood  is  whipi>ed  vigorously  with  a  rod  or  some  similar  object 
while  it  is  clotting,  the  essential  part  of  the  clot — namely,  the  fibrin 
— fomis  differently  from  what  it  does  when  the  blood  is  allowed  to 
coa^late  quietly;  it  is  deposited  in  shreda  on  the  whipper.     Blood 
that  has  been  treated  in  this  way  is  known  as  deftbrinatcd  blood.    It 
consists  of  blood-serum  plus  the  red  an<t  white  corpuscles,  and  as  far 
as  appearances  go  it  resembles  e.\actly  nonnal  blood;  it  has  lost, 
however,   the  power  of  clotting.     A  more  complete  definition  of 
these  terms  will  be  given  after  the  subject  of  cojigulation  1ms  been 
treated. 

Reaction  of  the  Blood. — The  rcat;tion  of  the  blood  seems  to 
differ  according  to  the  indicator  used.  With  lilraus  or  lakmoid 
paper  plasma  or  serum  gives  a  distinct  alkaline  reaction.  With 
phenolphihalein,  on  the  contrary,  it.n  reaction  is  neutral.  On  ac- 
count of  the  more  common  uw3  of  litmus  as  an  indicator,  the  belief 
that  Idood  and  lymph  are  normally  alkaline  has  long  existed  in 
physiolog)',  but  the  development  in  physical  chemistry  of  more 
precise  methods  of  mensuring  acidity  and  idkatinity  has  resulted  in 
demonstrating  that  these  body-liquids  under  nnnnal  ^'onditions 
are  approximately  neutral.  From  the  point  of  view  of  [)hysical 
chemistrj'  a  solution  is  acid  or  alkaline  according  as  it  has  an 

+  - 

excess  of  hydrogen  ions  (H)  or  hydroxy!  ions  (OH).  Acids 
are  bodies  which  in  aqueous  solution  dissociate  more  or  less 
completely  with  the  production  of  hydrogen  ions,  for  example. 

+  - 

HCI  dissociates  into  H  and  CI,  and  the  .=itrength  of  the  aci<l  is 
projwrtional  to  its  degree  of  dissociation,  that  is,  to  the  number 
of  hydrogen  ions  set  free.  Bodies  which  act  as  alkalies,  on  the 
eontr»rv,  are  those  which  upon  sojution  .set  free  an  excess  of 

_         +  - 

hydroxyl  ions;  for  example,  NaOH  dissociates  into  Na  and  OH. 
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In  some  cases  the  hydroxyl  ions  may  be  set  free  indirectly  by 

+  '    + 
a  secondary   reaction.     Thus  NajCO,  dissociates  into  Na,  N» 

and  COj,  but  the  acid  ion  reacts  with  water,  H,  OH  to  form 

HCOj  and  OH.     If  we  wish  to  know  whether  the  blood  or  lymp^ 
has  a  true  alkaline  reaction',  it  Ls  necessary  to  determine  in  them 
the  proportiftn  uf  hydrogen  and  hydroxyl  ions.     Tliis  ha.s  hec^ 
done,  with  tlie  result  that  they  are  found  to  exist  in  practical 4' 
equal  amounts,  as  in  the  case  of  pure  water,  and  we  must  belie"*''^^ 
therefore,    that    theae    liquids,    which    constitute    the    interti  ^ 
environment  of  the  living  cells,  have  neither  a  distinct  acid  ri  *^'^ 
alkaline  reaftiuti.     When  we  examine  the  salts  of  the  blood  v*''® 
find  that  in  addition  to  such  neutral  salts  as  sodium  or  potassiu  *^ 
chloride  there  is  present  also  a  considerable  amount  of  sodiu*"*^ 
carbonate,  and  one  may  a.sk  why  this  latter  salt  does  not  giN''^ 
to  the  blood   a  real   alkaline   reaction  in  accordance  with  it-^ 
behavior  in  aqueous  solutions.     The   answer  to  this   questioc^ 
is  found  in  the  fact  that  the  liquids  of  the  body  are  exposec^ 
continually  to  a   certain   pressure  of   carbon    dioxid    which   i^^ 
formed  stea<lily  in  the  tissues,  on  the  one  hand,  and  the  excess 
of  which   is  as  steadily  elitninated  through  the  lungs,   on   the 
the  other  hand.     This  carbon  dioxid  keeps  the  sodium  carbonate 
in  the  form  of  a  bicarbonate,  which,  so  far  as  it  is  dissociated, 

+      

yields  no  hydroxyl  ions,  NaHC03  =  Na,  HCOj,  and  therefore 
gives  to  the  blood  no  actual  alkalinity.  When  plasma  or  serum 
is  treated  with  litnms-paper  it  give.s  an  alkaline  reaction,  owing 
to  the  fact  that  the  indicator,  litmus  acid,  is  a  sufficiently  strong 
acid  to  combine  with  the  base  (Na)  and  drive  it  out,  !is  it  were, 
from  its  combination  with  carbonic  acid.  The  salt  of  sodium  with 
the  litmus  acid  then  dis-sociattw,  and  the  blue  color  is  given  by  the 
litmus  acid  anion.  Phenolphthalein,  being  a  weaker  acid,  does 
not  displace  the  carbonic  acid.  If  a  relatively  strong  acid,  such  as 
acetic  or  tartaric,  is  added  to  the  bloofi,  it  will  unite  with  the  base 
(Na)  30  far  as  this  latter  exists  in  combination  with  weaker  acids, 
that  is,  in  the  liquid  under  consiileration  with  carbonic  or  phos- 
phoric acid  or  with  protein.  When,  therefore,  the  blood  is  titrated 
with  a  standard  solution  of  tartaric  acid,  it  will  continue  to  give  a 
blue  reaction  with  litmus-paper  until  all  the  base  present  in  com- 
bination as  carbonate  or  phosphate  has  been  united  with  the 
stronger  acid.  The  amount  of  the  standard  acid  used  may  be  em- 
ployed, therefore,  to  express  the  amount  of  base  present  in  the 
blood  in  combination  with  such  weak  acids  or  with  protein.  For 
clinical  and  experimental  purposes,  determinations  of  this  kind  are 
ofteD  made.    Formerly  the  melhod  viaa  svipposftd  ^  detAcuune 
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aiKalinity  of  the  blood  on  the  assumption  that  the  blue  reaction  of 
litmus  is  a  true  indication  of  alkalinity.  While  the  process  throws 
no  light  on  the  actual  alkalinity  of  the  blood,  it  does  yield  a  valu- 
able indication  in  regard  to  what  may  be  called  its  potential  al- 
kalinity, that  is,  its  pjower  to  neutralize  acids  added  to  it  during  the 
processes  of  normal  or  pathological  metabolism,  or  under  experi- 
mental conditions.  The  bboti  as  it  exists  in  the  body  contains  always 
a  certain  amount  of  NaHCOj,  Na-jHPO,,  and  also  some  sodium  in 
combination  with  protein,  which  from  this  standpoint  is  to  be  re- 
garded as  a  weak  acid.  It  has  been  shown  that  to  such  a  solution 
a  considerable  amount  of  acid  or  alkali  may  be  added  without 
altering  its  approximately  neutral  reaction.  Since  this  property  is 
due  in  large  measure  to  the  amount  of  ba.se  present  in  combina- 
tion with  weak  acids,  it  is  evident  that  the  dftcrminAtion  of  this 
latter  factor,  that  is,  the  "  potential  or  titration  alkalinity  "  of  the 
blood,  may  be  a  matter  of  interest  and  importance.* 

Specific  Gravity.— The  specific  gravity  nf  human  blood  in  the 
adult  male  may  vary  from  1.041  ti>  1.G67,  the  average  being  about 
1.055,  The  most  satisfactory  metho<l  of  determining  this  factor  is, 
of  course,  to  compare  the  weight  of  a  known  vohmie  of  blood  with 
that  of  an  equal  Aolume  of  water,  but  for  observations  upon  human 
beings  such  small  quantities  of  blood  must  be  usetl  that  recourse  must 
be  had  usually  to  a  more  indirect  method.  Perhaps  the  sinipleat  of 
the  methods  suggested  is  that  devised  by  Hammerachlag.t  In  tliis 
method  a  mixture  is  made  of  chloroform  (sp.  gr.,  1.526)  and  benzol 
(sp.  gr.,  0.889).  The  mixture  is  matte  in  such  proportions  as  to 
have  a  specific  gravity  of  about  1 .055.  A  drop  of  blood  f rt:tm  the 
finger  is  shaken  into  tliis  mixture;  if  the  dmp  sinks  to  the  bottom 
it  is  evident  that  the  specific  gravity  of  the  blood  is  higher  than  that 
of  the  mixture,  and  the  reverse  is  true  if  the  drop  rises.  Jiy  adding 
more  of  the  chloroform  or  of  the  benzol,  as  the  case  may  be,  the 
specific  gravity  of  the  naLxture  may  lie  quickly  altered  s<j  as  to  be 
equal  to  that  of  the  drop  of  blood,  which  will  then  Hoat  in  the  liquid 
without  a  distinct  tendency  to  rise  or  fall.  The  specific  gravity  of 
the  mixture,  which  Is  also  that  of  the  blood,  is  then  determined  by  a 
suitable  hydrometer.  By  the  use  of  such  methods  it  has  been  found  J 
that  the  specific  gravity  varies  with  age  and  with  sex;  that  it  is 
diminishetl  after  eating  and  is  increased  after  exercise;  that  it  has  a 
diurnal  variation,  falUng  gradually  during  the  day  and  rising  slowly 
during  thfe  night;  and  that  it  varies  greatly  in  individuals,  so  that 
a  specific  gravity  which  is  normal  for  one  may  be  a  sign  of  disease 
in  another.  The  specific  gravity  of  the  corpuscles  is  slightly  greater 
than  that  of  the  plasma.     For  this  reason  the  corpuscles  in  shed 

•  See  Henderson,  "Americiin  Journal  of  Physiology,"  1908,  21,  427. 
t  lUmmerechlag,  "  Zeitachrift  f.  klin.  Med.,"*'  20,  444,  1892. 
{  See  Jooes,  "Journal  of  Physioloc,"  12,299,  1891. 
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blood,  when  its  coagulation  is  prevented  or  retarded,  tend  to  settle 
to  the  bottom  of  the  containing  utensit,  leavinj;  a  more  or  less  cktur 
layerof  supernatant  plasma.  Among  themselves,  also,  the  corpuscles 
differ  slightly  in  specific  gravity,  the  red  corpasch-s  biding  heaviest. 

Red  Corpuscles. — The  red   corpuscles  in  mun  and   in  all  the 
mammalia,  with  the  exception  of  the  camel  and  other  raemljers  ol 
the  group  Camelitla\  are  biconcave  circular  discs  or,  according  to 
some  authors,  bell-shaped  corpuscles  without  nuclei:  in  the  CarQ- 
elida?  they  have   an   elliptical   form.     Their  average   diameter   iQ 
man  is  given  as  7.7  fi  (1  /i  ^  O.OUl  mm.);  their  number,  whitb 
is  usually  reckoned  as  so  many  in  a  cubic  millimeter,  varies  greatVy 
under  different   comlitittus  of   health    and    disease.     The   aver£M?P 
numljer  is  given  us  5.(M){.HM)  per  c.mm.  for  males  and  4,500,000  f^^ 
females.     The  red  color  of  the  corpuscles;  is  due  to  the  pre^^nce    *** 
them  of  a  pigment  known  as  "hemoglobin."     Owing  to  the  mini*  ** 
size  of  the  eoi-puscles.  their  color  when  seen  singly  under  the  micr^ 
scope  is  a  faint  yellowish  reil.  Init  when  seen  in  mass  they  exhit» 
the  well-known  blooii-red  color,  which  varies  from  scarlet  in  arteri^* 
blood  to  purplish  red  in  venous  blood,  this  variation  in  color  bein^? 
dependent  upon  the  amount  of  oxygen  contained  in  the  blood  i«^* 
combination  with  the  hemoglobin.     Speaking  generally,  the  func— ' 
tion  of  the  red  corpuscles  is  to  carrj^  oxygen  from  the  lungs  to  thf^ 
tissues.    This  function  is  entirely  dependent  upon  the  presence  of 
hemoglobin,  which  has  the  power  of  combining  easily  with  oxygen, 
gas.     The  physiolog,v  of  the  red  corpuscles,  therefore,  is  largely  con- 
tained in  a  description  of  the  properties  of  hemoglobin. 

Condition  of  the  Hemoglobin  in  Ih^  Corpuscle. — The  finer  structure 
of  the  rcfl  corpuscle  is  not  completely  known.  It  is  u.sually  stated 
that  the  corpuscle  is  composed  of  two  substances,  stroma  and  hem- 
oglobin, together  with  a  certain  amount  of  water  and  salts  and 
also  a  certain  amount  of  lecithin  ami  cholesterin.  The  stroma  is  a 
delicate,  extensible,  colorle.ss  suljstance  that  gives  shape  to  the 
corpuscles;  it  forms  a  mesh  work  or  spong}'^  mass  in  which  the 
hemoglobin  is  deposited.  This  latter  substance  forms  the  clucf 
constituent  of  the  corpuscle,  since  it  makes  alwrnt  ;i2  per  cent,  of  the 
weight  of  the  normal  corpuscle,  anil  when  diy  from  90  to  95  per 
cent,  of  the  total  solid  material.  According  to  another  view  the 
corpuscles  are  vesicles  with  an  external  envelope  or  pellicle  in 
which  lecithin  and  cholesterin  are  found,  while  the  hemoglobin  is 
contained  within.*  Whichever  view  may  be  correct,  great  interest 
attaches  to  the  pre,sence  of  the  lecithin  and  cholesterin,  whether 
these  substances  are  found  in  an  external  membrane  or  in  a  stroma 
permeating  the  corpuscle.    According  to  Pa.scucci  the  lecithin  and 

•  For  recent  discusHions  upon  the  hiHlologiral  structure  of  tljp  corpusclea, 
Bee  Weirlenreirh,  "  Amif.om.  .^nzpiKor,"  190.'),  xxvii.,  58.3  ;  llueicka,  Urid.» 
xjriTii.,  45S;  Schiiivt,  ibid.,  1905,  xx.v\.,  .")89. 
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cnolesterin  constitute  as  mvich  as  30  per  cent,  of  tlie  dry  weight  of 
the  stroma,  that  Is.  of  the  portion  of  the  corpuscle  left  after  re- 
moval of  the  hemoglobin.  Such  a  large  proportion  of  these  two 
substances  is  not  found  elsewhere  in  the  body  except  in  the  myelin 
sheath  of  the  nerve  fillers.  It  is  believed  that  they  play  an  impor- 
tant r61e  in  maintaining  the  integrity  of  the  corpuscles  and 
particularly  in  giving  to  the  peripheral  layer  i»r  membrane  sur- 
rounding the  corpuscles  certain  characteristic  properties  of 
perme-ability.  Under  normal  conditions  this  external  layer 
is  easily  permeable  to  water  and  to  certain  substances  iu  solution, 
such  as  urea,  alcohol,  and  ether,  but  it  is  said  to  be  impernveable 
to  the  neutral  salts;  the  concentration  of  sodium  chloride,  for 
example,  ia  much  greater  in  the  plasma  than  in  the  red  corpuscles. 
The  condition  in  which  the  hemoglobin  exists  within  the  cor- 
puscle is  not  fully  understood.  It  is  evidently  not  in  solution, 
since  the  amount  present  is  too  t!;reat  Ut  be  held  in  solution  in 
the  corpuscle,  and,  moreover,  even  a  thin  layer  of  corpuscles 
is  far  from  being  transparent.  Nor  is  it  deposited  in  the  fftrra 
of  crystals.  It  is  a.ssuined,  therefore,  that  it  is  pre.sent  in  a 
peculiar,  amorphous  form,  and  Ganigee  has  shown  that  from 
its  aqueous  solutions  the  hemoglobin  can  be  obtained  in  an 
amorphous  state  by  the  action  of  an  electrical  current.  It 
is  protected  from  the  action  of  the  water  within  and  without 
the  corpuscle.  In  variims  ways,  however,  the  relations  of 
the  hemoglobin  within  the  corpuscle  may  be  disturbed;  so  that 
it  escapes  and  enters  bto  solution  in  the  plasma.  Blood  in 
which  this  has  hapjjened  suffers  a  change  in  color,  becoming 
m  dark  crimson,  and  is,  therefore,  known  as  "laked  blnod." 
Laked  blood  in  thin  layers  is  quite  transparent  compared  with 
the  normal  blood  with  it-s  opatiue  <*orpuscles. 

Hemolysis. — The  act  of  di-scharging  the  hemoglobin  from  the 
corpuscles  so  that  it  becomes  dissolved  in  the  plasma  is  designated 
as  hemolysis,  and  substances  that  cause  this  action  are  spoken  of 
as  hemolytic  agents.  A  nrmiber  t>f  such  agents  are  known;  but, 
although  the  results  of  their  action  are  the  same,  so  far  as  the  hemo- 
globin is  concerned,  the  way  in  which  they  bring  about  this  result 
must  vary  greatly.  Some  f)f  the  known  methods  of  producing 
hemolysis,  or  rendering  the  blood  "laky,"  are  as  follows:  (1) 
By  the  addition  of  water  to  the  blood  or  by  diminishing  in  any  way 
the  concentration  or  a'imotic  pressure  of  the  plasma.  (2)  By  add- 
ing ether  or  chloroform.  (3)  By  the  addition  of  soaps  or  of  the 
higher  fatty  acids,  especially  the  unsaturated  acids.  (4)  By 
adding  bile  or  solutions  of  the  bile-salts.  (5)  By  adding  amyl- 
aleohol.  (6)  By  adding  the  serum  from  the  blood  of  certain 
animals.  (7)  By  adding  saponin  or  sapotoxin.  (8)  By  the 
addition  of  an  excess  of  alkali.     (9)  By  various  toxins  found  in 
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snake  venom  or  in  the  serum  of  other  animals  or  among  the  prod- 
ucts of  bacterial  activity  (natural  hemolysins),  or  by  similar  or- 
ganic substances  produced  within  the  body  by  the  process  of  im- 
munizing.    Some  of  these  hemolrtic  agents,  such  as  ether,  bile 
salts,  and  soaps,  probably  effect  their  action  by  their  power  of 
uniting  with   the  lipoid  elements   (lecithin,   cholesterin)   in  the 
stroma  of  the  corpusetes.     The  framework  of  the  corpuscles  is 
thus  altered  so  that  the  hemoglobin  is  set  free.     The  action  of  the 
hemolysins  and  of  agents  which  lower  the  osmotic  pressure  of  tbe 
plasma  d<;mands  a  more  detailed  description,  as  processes  of  gre»^ 
practical  importance  are  involved  in  these  changes. 

Hemolysis  Caused  by  Lmvering  the  Osmotic  PressuTe  of  the  Plngrft4i- 
— The  blood  corpuscles  contain  a  certain  amount  of  water  (  57  to 
64  per  cent.),  an  amount  insufficient  to  discharge  the  hemoglobiJ^- 
We  may  imagine  that  the  osmotic  pressure  within  the  corpuscle  i^ 
such,  compared  with  the  osmotic  pressure  exerted  by  the  salts  L** 
the  plasma,  that  a   water  equilibrium  is  eatablished,  and   that^r 
although  water  molecules  diffuse  into  and  out  of  the   corpuscle^ 
the  exchange  is  equal   in  the   two  directions.     If,  however,  th^ 
outside  plasma  is  diluted  by  the  addition  of  water  to  any  consider^ 
able  extent,  then  the  osmotic  pressure  outside  the  corpuscles  iff 
correspondingly    reduced,    while   that    within     the   corpuscles   is 
unchanged.     Corisec]uently    an   increased  amount   of   water   will 
pass  into  the  corpuscles,  sufficient,  in  fact,  to  ••upture  the  cor- 
puscles   and   thus    discharge  the    hemoglobin.     It    is    evident, 
therefore,  that   in   injecting   liquids   into  the  circulation  or  in 
diluting  blood  outside  the  body  care  must  be  taken  not  to  use 
solutions  whose  osmotic  pressure  is  markedly  less  than  that  of 
blood-plasma,  otherwise  many  of  the  red   corpuscles  may  be 
destroyed.     Solutions  whose  osmotic  pressure  is  the  same  as 
that  of  the  plasma  are  said  to  be  isosmotic  or  isotonic  with  the 
blood,  those  whose  pressure  is  lower  are  designated  as  hypotonic, 
and  those  whose  pressure  is  higher  as  hyjjertoaic*     The  salt 
that  is  contained  in  the  plasma  in  largest  amounts  is  sodium 
chlorid.     In   mammalian  serum  it  exists  to  an  amount   equal 
to  0.56  per  cent,  and  is  probably  responsible  for  the  greater 
part  (60  per  cent.)  of  the  osmotic  pressure  shown  by  this  liciuid. 
In    making  isotonic   solutions   this  salt   is,  therefore,  generally 
employed.     A  solution  containing  nine-tenths  of  1  per  cent,  of 
sodium  chlorid   (NaCl,  0.9  per  cent.)   gives  the  same  osmotic 
pressure  as  plasma  as  determined  by  the  effect  of  each  on  the 
lowering  of  the  freezing-point  (see  Appendix,  Diffusion,  Osmosis, 
and   Osmotic   Pressure).     Such   a  solution   mixed   with   blood 

*  For  a  full  cooaideration  of  osmotic  pressure  in  its  relation8  to  phyaio- 
locical  processes,  see  Haraburger,  "  Osmotificher  Druck  und  lonenlehre," 
Hies  Wen,  1902. 


Digitized  by 


Google 


GENERAL    PROPERTIES:    THE    CORPUSCLES. 


415 


should  not  and  does  not  alter  the  water  contents  of  the  corpuscles. 
One  may,  in  fact,  use  a  0.7  per  cent,  solution  of  sodium  chkirid 
without  causing  any  noticeable  hemolysis,  and  this  strength  of 
solution  is  frequently  employed  in  infusions  and  experimental 
work;  it  constitutes  what  is  known  in  the  laboratiiries  as  nor- 
mal saline  or  physiological  saline.  If,  liowever,  one  uses  a 
lower  concentration,  some  of  the  corpuscles  are  hemolyzed, 
and  the  number  of  corpuscles  destroyed  and  the  rapidity  of 
the  hemolysis  increase  rapidly  with  the  lowering  of  the  osmotic 
pressure  While  a  0.9  per  cent,  solution  of  sodium  chlorid 
suffices  in  most  cases  for  infusitins  and  for  diluting  blood, 
it  does  not  entirely  replace  tlie  normal  plasma  or  serum,  since 
these  liquids,  in  addition  to  the  sodium  salts,  contain  salts  of 
calcium,  potassium,  magnesium,  etc.,  e^ich  of  which  has  doubtless 
a  certain  specific  importance.  In  diluting  blood  outside  the  body, 
when  the  dilution  is  large,  better  results  are  obtained  by  using  what 
is  known  as  Ringer's  mixtvire,  which  consists  of  the  physiological 
saline  solution  plus  small  amounts  of  potassium  and  calcium 
chlorid.    One  formula  for  Ringer's  solution  is : 

Soilium  chlorid 0.9     per  cent. 

Calcium  chlorid 0.026    "       " 

Potaabium  clilorid 0.03     "      " 

HeTiwlysis  Caused  by  the  Action  of  Hemolysijis. — It  has  long  been 
known  that  the  serum  of  one  animal  may  destroy  the  red  corpuscles 
of  another  animal.  Thus,  rabbits'  blood  corpuscles  added  to  the 
clear  serum  of  a  dog,  cat,  or  man  are  quickly  destroyed,  with  the 
liberation  of  their  hemoglobin.  This  action  was  formerly  described 
\mder  the  term  "globulictdal  action  of  serum,"  and  was  compared 
to  the  similar  destructive  (bactericidal)  action,  exhihitetl  by  serum 
toward  some  bacteria.  In  more  recent  literature  the  temx  hemol- 
ysis has  replaced  that  of  "globulicidal  action,"  and  the  hemolytic 
effect  that  a  serum  may  exert  iij)on  ftireign  corpuscles  is  attributed 
to  the  presence  in  it  of  certain  substiinres  which  in  general  are  classed 
'  MS  hemolysins.  This  hemoljtic  action  is  not  due  to  a  simple  differ- 
ence in  osmotic  pressure.  The  serums  of  the  different  mammalia 
have  all  approximately  the  same  osmotic  pressure:  the  differences 
are  too  slight  to  explain  the  effects  observed.  Moreover,  if  the 
serum  used  is  heated  to  55°  C.  its  hemolytic  action  is  destroyed, 
although  no  noticeable  change  occurs  in  the  osmotic  pressure.  In 
addition  to  the  hemolysins  found  normally  in  the  blood  of  different 
animals  it  was  shown  first  by  Bordet  *  that  they  may  be  produced 
artificially.  The  serum  of  guinea  pigs  has  little  or  no  effect  normally 
on  the  red  corpuscles  of  rabbits'  blood.  If,  however,  one  injects 
Si-im(>  rabbits'  blood  beneath  the  skin  of  a  guinea-pig  and,  if  neces- 
*  Bordet,  "Anniilca  de  I'lost.  Puteur,"  1805. 
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sary,  repeats  the  process  it  will  be  found  that  the  blood  of  thia 
particular  guinea  pig  has  now  a  strong  hemolytic  action  toward  the 
retl  corpusctea  of  rabbits.  This  method  of  producing  specific 
hemolysins  by  means  of  subcutaneous  or  intraperitoneal  injections 
of  foreign  red  corpuscIe.s  is  designated  as  a  process  of  immunizing, 
and  the  servim  of  the  animai:  in  which  a  specific  hemolysin  has  been 
thus  produced  is  frequently  called,  for  convenience,  an  immune 
senim.  These  t«nns  are  employed  on  account  of  the  essential 
similarity  of  the  processes  involved  to  those  underlying  the  devel- 
opment of  immunity  toward  special  diseases.  When  the  body  is  in- 
vaded by  pathogenic  bacteria  the  toxic  substances  produced  by  these 
organisms  stimulate  the  tissues  to  form  specific  antitoxins  which 
are  capable  of  neutraJizing  the  action  of  the  bacterial  toxins.  The 
body  is  thus  rendered  immune  toward  special  bacteria,  and  that  the 
blood  of  the  immunisted  animal  actually  contains  a  definite  anti- 
toxin may  be  shown  in  some  cases  by  the  fact  that  when  injected 
into  another  individual  the  latter  also  acquires  the  specific  immun- 
ity. So  in  regard  to  the  hemolysins.  The  presence  of  the  foreign 
red  corpuscles  causes  the  development  of  a  specific  antibody 
capable  of  destroying  the  special  fonn  of  red  corpuscle  injected. 
The  substance  in  the  red  corpuscles  which  stimulates  the  tissue  to 
form  an  antibody  is  desig^nated  in  general,  according  to  the  nomen- 
clature of  the  day,  as  an  antigen.  Expteriments  indicate  that  the 
antigen  in  the  red  corpu.scles  is  not  the  hemoglobin,  but  rather  some 
constituent  of  the  stroma.  This  interesting  reaction  may  be 
obtain<xl  with  other  cells  than  the  red  corpuscles  and  bacteria.  By 
injecting  spermatozoa,  an  antibody  may  be  produced  in  the  blood 
which  de«rtroys  thi.s  particular  form  of  ceil,  and  the  same  fact  holiLt 
gooil  for  epithelial  cells,  etc.  Moreover,  solutions  of  foreign  proteins 
inji"«'t<><l  in  the  same  way  give  rise  to  the  fonnation  of  definite  anti- 
bodies capable  of  coagulating  or  precipitating  the  special  proteins 
In  this  last  c-ase  the  antisubstance  is  designated  as  a 
pitin  on  account  of  its  precipitating  effect  on  the  solution 
^f  pri)tein  (see  .\p|)^ndix,  p.  988).  This  wonderful  pn)tcclive 
adaptutiiin  of  the  body  toward  the  invasion  of  foreign  cells 
or  pniteitus  is  at  bottom  tloubtless  n  chemical  reaction  depentient 
upon  the  properties  of  the  living  cells,  but  the  nature  oi  the  proc- 
w  tnvolveii  in.  not  at  all  umlerstood,  and  the  phenomenon  «*. 
T'  '  '''wignalrd  pr<>vi.«ionally  as  a  biolngical  reaction.  The 
»  itilysitis  produced  by  immunization  have  been  studie*! 

by  liordet,  Khrlich.  and  others.*     It  has  l>een  shown  that  ihey 
arc  in  rrality  com  posed  of  two  substances  whoac  combined  action 

'  f-'fiT  r.  1m<-f  .tiiti-mont  of  the  devplopmiMit  of  tl»e  aubject,  »««  Wmmct- 
l*n*i  lolynin*,   ("ylotoxiiw,    wmI    Prfcipitiiw, "   Ummt- 

1^)4      For  K  more  cxlriKlt^t  rvview,  aer  Aaelufl, 
I  nu   1  n.v8iol<)«ip."  1.  69,   1902.  or  Ehrlich,  "CoUrrtiNi 

im  in,  tnui»latrvl  by  Boldujui,  New  York,  IWOO. 
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18  necessary  for  the  hemolysis.  There  is,  first,  a  new  and  specific 
substance  that  is  produced  by  the  body  aj  a  consequence  of  the 
injection  of  the  foreign  blood  corpuscles.  This  substance  hns  Ijeen 
given  different  names,  but  is  known  most  frequently  (Ehrlich) 
as  the  immune  body  (or  ajtiboceptor).  It  is  not  destroyed  by  mod- 
erate beating.  The  immune  body  is  enabled  to  act  upon  the 
corpuscles  by  the  co-operation  of  certain  substances  which  are 
normally  present  in  the  serum  and  are  therefore  not  produced  by 
the  process  of  immunization.  These  substances  are  known  usually 
as  complements,  and  it  is  they  that  are  destroyed  by  heating  to 
55°  C.  If  the  immune  serum  of  a  guinea  pig  is  heated  to  55°  C. 
its  hemolytic  action  upon  rabbits'  corpuscles  is  destroyed.  The 
action  may  be  restored,  however,  by  adding  a  Uttle  of  the  rabbit's 
own  serum,  since  in  terms  of  the  above  hypothesis  the  complements 
are  present  in  norm:il  serum.  That  is  to  say,  an  experiment  of 
the  following  kind  may  be  performeiL  Washed  blood  corpuscles 
of  a  rabbit  plus  immune  serum  from  a  guinea  pig  show  hemolysis. 
Washed  blood  corpuscles  of  a  rabbit  plus  immune  serum  which  has 
been  made  inactive  by  heating  show  no  hemolysis.  Addition  of 
normal  rabbits'  serum  to  this  latter  mbcture  again  activates  the 
immune  serum  and  causes  hemolysis.  The  rabbits'  serum  in  this 
case  supplies  the  needed  complement. 

These  facts,  it  should  be  statetl,  are  interpreted  somewhat  differently 
by  Bordet.*  The  immune  substance  he  (iesiRnat^s  as  a  "substance  Mnaihila- 
trict"  and  the  complement  ob  alexin.  The  latter  forms  the  protective  sub- 
tjuire  of  the  blood,  but  is  unable  to  act  upon  the  foreign  cells  until  these 
Latter  have  been  chani^eil  in  some  way,  that  is,  sensitized  by  the  specific 
immune  substance  developed  during  the  proceas  of  immunizing. 

In  the  case  of  some  of  the  natural  hemolysins  referred  to 
above  it  has  also  been  shown  that  the  solution  of  the  corpu.scles 
depends  upon  the  combined  act  inn  of  two  substances.  This 
point  has  been  made  clear  particularly  in  regard  to  the  snake- 
poisons,  such  as  cobra  venom.  In  these  venoms  there  is  present 
a  sulislance  analogous  to  the  immune  body  or  amboceptor,  but 
in  order  for  it  to  aflFect  the  red  corpuscles  it  must  be  activated 
by  a  complenient  of  some  sort,  present  in  the  plasma  or  the  red 
corpuscle  itself.  Kyeaf  has  given  some  interesting  facts  to 
prove  that  lecithin  is  an  effective  complement  for  these  venoms, 
and  that  probably  it  is  this  <lefinite  substance  which  is  furnished 
by  the  blood  in  activating  the  venom  toxin. 

Speaking  in  general  terms,  the  serum  of  any  animal  is  more  or 
less  hemolytic  in  relation  to  the  blood-corpuscles  of  an  animal  of 
another  species;  but  great  difTerences  are  shown  in  this  rt^pcct. 
The  blood-serum  of  the  horse  shows  but  little  hemolytic  action 

•  Bordet,  "Studies  in  Inimunitv,"  translated  bv  Oay,  New  York,  1909. 
t  Kyo»,  '•  Berl.  klin.  Woohcnachrift,"  1902  and  ioaj. 
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upon  the  red  corpuscles  of  the  rabbit  when  comparetl  with  t 
effeet  of  the  serum  of  the  flog  or  cat.  Eels'  serum  has  a  i 
markably  strong  hemolytic  action  upon  the  red  corpusd 
of  most  maninials:  a  very  minute  quantity  of  this  serum  |(). 
CO.)  injet-ted  into  tlie  veins  of  a  rabbit  will  cause  herimly 
of  the  r-orpusc'les  and,  as  a  consequence,  the  ap|)^i 
ance  of  bloody  urine  (hemoplol>iiiiiria).  It  should  he  add 
that  this  curious  toxic  or  lytic  effect  of  foreign  serums  is  l 
confined  to  the  red  corpuscles.  They  cont-ain  cytotoxins  that  aff 
also  other  tissue  elements,  especiallv  those  of  the  central  nerv 
system,  ami  nmy  therefore  cause  death.  As  little  as  0.04  c.c, 
eels'  serum  injected  Into  a  small  rabbit  will  cause  the  death  of 
animal,  the  fatal  effect  being  due  apparently  to  an  action  on 
vasomotor  anil  resjiiratort'  centeit^  in  the  medulla.  The  hemol; 
and  generally  toxic  effect  of  foreign  .^era  has  been  known  for  a  1 
time.  It  was  discovered  practically  in  the  numerous  attempts  m 
in  former  years  to  transfuse  the  blood  of  one  animal  into  the  v 
of  another.  It  ha.^  Ijeen  found  that  this  process  of  transfusion  ! 
means  of  combatting  severe  hemorrhage  is  dangerous  uiiless 
blood  is  taken  from  an  animal  of  the  same  or  a  nearly  reU 
species. 

Nature  and  Amount  of  Hemoglobin. — Hemoglobin  is  a  > 
com|)lex  substance  belonging  to  the  group  of  conjugated  prott 
Under  the  influence  of  heat,  acids,  alkalies,  etc.,  it  may  be  bro 
up,  with  the  formation  of  a  simple  protein,  globin,  l>e.longing  to 
group  of  histons  (see  appendix)  and  a  pigment,  hematin.  ' 
globin  forms,  according  to  different  estimates,  from  86  to  94  per  o 
of  the  molecule,  and  the  hematin  alx>ut  4  per  cent.  Other  e 
stances  of  an  xmdeterniined  chanicter  result  from  thedecom]x>8iti( 
When  the  decomposition  takes  place  in  the  absence  of  oxygen, 
protlucts  formetl  are  glolnn  and  heniochmmogen,  instead  of  gk 
and  hematin.  Hemochroniogen  in  the  presence  of  oxygen  qui( 
tmdergoe-s  oxidation  to  the  more  stable  hematin.  Hoppe-Se 
has  shown  that  hemochromogen  jxissesses  the  chemical  groui 
which  gives  to  hemoglobin  its  jxDwer  of  combining  readily  with  c 
gen  and  its  rlistinctive  absorption  sjiectrum.  (>n  the  basis  of  f 
such  a.s  the.se,  hemoglobin  may  be  defined  as  a  compoimil  of  a  pre 
body  with  hematin.  It  .seetiLs,  tlit-n,  that,  although  the  heiiioc 
mogen  or  hematin  portion  is  the  essential  constituent,  giving  W 
molecule  of  hemoglobin  its  valuable  physiological  properties  , 
respiratory  pigment,  yet  in  the  blood  corpuscles  this  substanc 
incorporated  into  the  much  larger  and  more  unstable  molecul 
hemogbbin,  \vho.se  l)ehavior  toward  oxygen  is  different  from 
of  the  hematin  itself,  the  difference  lying  mainly  in  the  fact 
the  hemoglobin  as  it  exists  In  the  corpiuscles  forms  with  oxyg* 
♦SchaJz,  'Zeitscliiift  f.  physiologJLscV^eCWetDie,"  "lA-,  »isoV».\w»w,\tiid.,' 
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comparatively  feeble  combination  that  may  be  broken  up  readily 
withi  liberation  of  the  giis. 

Hemoglobin  is  widely  <listrilnited  throughout  the  animal  king- 
dona,  being  found  in  the  bluod  corpuscles  of  mammalia,  birds, 
reptiles,  amphibia,  and  fishes,  and  in  the  blood  or  blood  corpuscles 
of  many  of  the  invertebnites.  I'he  composition  of  it«  molecule  is 
found  to  vary  somewhat  in  tUfferent  animals;  so  that,  strictly 
speaking,  there  are  probably  a  nimiber  of  diflTerent  forms  of  hemo- 
globin—^1,  however,  closely  related  in  chemical  ami  physiological 
properties.  Elementary  analysis  of  dogs'  hemoglol>in  shows  the 
following  percentage  comiwsition  (Jaijuet):  C,  5."i.91;  H,  6.62;  N, 
15.98;  S,  0.542;  Fe,  0..333;  U,  22.62.  Its  molecular  formula  is 
given  as  C„gH,jojNjBsSjFeO,,g,  wliich  would  make  the  molec- 
\ilar  weight  16,669.     Other  estimates  are  given  of  the  molecular 

b  formula,  but  they  agree  at  least  in  showing  that  the  molecule  Ls  of 
enormous  size.  The  heraatin  that  is  sjjlit  off  from  the  hemoglobin 
ia  a  pigment  whose  constitution  is  relatively  simple,  as  is  indicated 
by  its  percentage  formula,  C,(Hj^N^FeOg  (Kiister).  It  contains 
ftll  of  the  iron  of  the  original  hemoglobin  molecule.  Gamgee  has 
called  attention  to  two  facts  which  seem  to  imlicate  that  the  globin 
and  hematin  do  not  exist  as  such  in  the  hemoglobin  molecule. 
Thus,  hematin  is  magnetic, — that  is,  is  attracted  by  a  magnet, — while 
hemoglobin,  on  the  contrary,  is  diamagnetic.  Globin  alone  rotates 
the  plane  of  polarized  light  to  the  left,  levorotatory,  while  hemo- 
globin solutions  are  dextromtatorv*.  The  exact  amomit  of  hemo- 
globin in  human  blood  varies  naturally  with  the  individual  and  with 
different  conditions  of  life.  Accor'ting  to  Preyer,*  the  average 
amount  for  the  adult  male  is  14  grams  of  hemoglo!>in  to  each  100 
grams  of  blood.  It  is  estimated  that  in  the  blood  of  a  man  weighing 
68  kilograms  there  are  nmtained  about  .SOO  to  700  gr.-iins  of  hem- 
oglobin, which  is  distributed  among  some  25,000.000,000,000  of 
corpuscles,  giving  a  total  superficial  area  of  about  3200  square 
meters.  Practically  all  of  this  large  surface  of  hemoglobin  is 
available  for  the  absorption  of  oxygen  from  the  air  in  the  lungs, 
for,  owing  to  the  great  immber  and  the  jninute  .size  of  the  capil- 
laries, the  blood,  in  pa.ssing  tlirough  a  capillary  area,  becomes 
eubdivided  to  such  an  extent  that  the  red  corpuscles  stream 
througli  the  capillaries,  one  may  say,  in  single  fiJo.  In  circu- 
lating through  the  lungs,  therefore,  each  corpuscle  becomes 
xpoMid  more  or  less  completely  to  the  action  of  the  air,  and 
he  utilization  of  the  entire  quantity  of  hemoglobin  must  be 
nearl.v  jwrfect.  Instruments  known  as  hemometers  or 
hetiioglobinometers  have  been  devised  for  clinical  use 
in  determining  the  amount  of  hemoglobin  in  the  blood  of 
patients.  A  number  of  different  forms  of  this  instrument  are  iu 
•  "Die  Illutkrys«a!le,"  Jena,  1871. 
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use.     In  all  of  them,  however,  the  determination  is  made  with  a 
drop  or  two  of  blood,  such  as  can  be  obtained  without  difficulty 
by  pricking  the  skin.     The  amount  of  hemoglobin  in  the  withdrawn 
blood  is  determined  usually  bj'  a  colorimetric  method, — that  is,  its 
color,  which  is  due  to  the  hemoglobin,  is  comjmned  with  a  series  of 
standard  solutions  containing  known  amounts  of  hemoglobin,  or 
with  a  wedge  of  colored  glass  whose  color  value  in  terms  of  hemo- 
globin has  been  determined  beforehand.     For  details  of  the  structure 
of  the  several  instruments  employed  and  the  precaution:*  to  be  ot>- 
served  in  their  use  reference  must  be  nmde  to  the  laboratory  guidts.* 
Compounds  with  Oxygen  and  Other  Gases. — Hemoglobin  has 
the  property  of  uniting  with  oxygen  gas  in  certain  definite  firopcr- 
tions,  forming  a  true  chemical  compound.    This  compound  is  knavn 
as  oxyketnoghibin ;  it  is  formed  Avhenever  blood  or  hemoglobin  solu- 
tions are  exposed  to  air  or  are  otherwi.se  brought  into  contact  with 
oxygen.     According  to  a  determination  by  Hufner.f  one  gram  of 
hemoelobin  combines  with   l.IiG  c.c.   of  oxygen.     These  figures 
would  indicate  the  probability  that  each  molecide  of  hemogloliin 
unites  with  a  molecule  of  oxygen,  since  1.36  c.c.  of  oxygen  weighs 
approximately  0.0019  +  gratn,  and  the  ratio  of  1  gram  of  hemoglobin 
to  0.0019  gram  of  oxygen  is  that  of  the  molecular  weight  of  hemo- 
globin to  the  molecular  weight  of  oxygen,  that  is,  16669:32;*. 
1:  0.0019.     It  should  be  stated  that  some  observers^  find  that  the 
maximum  oxygen  capacity  of  the  blood  may  show  iiidiviflual  varia- 
tions within  narrow  limits,  and  that,  therefore,  what  we  designate  as 
hemoglobin  may  not  be  a  single  chemical  substance,  but  a  mixture 
of  closely  related  compounds.     Oxyhemoglobin  is  not  a  very  firm 
compoimd.      If  placed   in  an   atmosphere  containing  no  ox^'gen 
it  is  dissociated,  giving  off  free  oxygen  and  leaving  liehind  hemo- 
globin or,  as  it  is  often  called  by  way  of  distinction,     "reHuced 
kernoglobin"     This  power  of  combining  with  oxygen  to  form  a 
loose  chemical  compound,  which  in  turn  can  be  di.-isoi'iated  easily 
when  the  oxygen  pressure  is  lowered,  makes  possible  the  function 
of  hemoglobin  in  the  blood  as  the  carrier  of  oxygen  from  the  lungs 
to  the  tissues.     The  details  of  this  process  are  descrii>ed  in   the 
section  on  Respiration.     Hemoglobin  forms  with  carbon  monoxid 
gas  (CO)  a  compnunfl,  similar  to  oxyhemogloliiu,  which  is  known 
as  carbon  monoxul  kemoghbin.     In  this  compoimd  also  the  union 
takes  place  in  the  proportion  of  one  molecule  of  hemoglobin  to  one 
molecule   of   the   gas.    The   compound    formed    differs,   however, 
from  oxyhemoglobin  in  Wing  much  more  stable,  and  it  is  for  this 
reason  that  the  breathing  of  carbon  monoxid  gas  is  liable  to  prove 
fatal.     The  CO  unites  with  the  hemoglobin,  forming  a  firm  com- 

•  See  Simon,  "A  Manila!  of  Cliniral  DiaRnoais,"  Philadelphia. 

t  "Archiv.  f.  PhymoloKic,"  1S94,  p.  130. 

I  See  Bohr,  in  Nagek'a  "  Ilandbueh  tier  Physiologic,"  vol.  i,  pt.  1.,  1905. 
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pound;  the  tissues  of  the  body  are  thereby  prevented  from  obtain- 
ing their  necessary  oxygen,  an(J  death  results  from  sufTocation  or 
asphyxia.  Carbon  monoxid  forms  one  of  the  constituents  of 
coal-pas.  The  welf-knowTi  f;ital  effect  of  breathing  coal-gas  for 
some  time,  as  in  the  case  of  imUviduab  sleeping  in  a  room  in  which 
g&s  is  escaping,  is  traceable  directly  to  the  carbon  monoxid.  Nitric 
oxid  (NO*  forms  also  with  hemoglobin  a  definite  compound  that 
is  even  more  stable  than  the  CO  hemoglobin;  if,  therefore,  this 
ffos  were  brought  into  contact  with  the  blood,  it  would  cause  death 
in  the  same  way  as  the  CO. 

Oxyhemoglobin,  carlmn  monoxid  hemoglobin,  and  nitric  oxid 
hemoglobin  are  similar  compounds.  Each  is  fonned,  apparently, 
by  a  definite  combination  of  the  gas  with  the  hematin  jwrtion  of  the 
hemoglobin  molecule,  and  a  given  weight  of  hemoglobin  unites 
presumably  with  an  equal  volume  of  each  gas.  In  marked  contrast 
to  these  facts,  Bohr*  has  shown  that  hemoglobin  forms  a  comjxjund 
with  carbon  dioxid  gas,  carbohemoglobin,  in  which  the  ijuantitative 
relationship  of  the  gas  to  the  hemoglobin  differs  from  that  shown 
by  oxygen.  In  a  mixture  of  0  am  1  CO,  the  latter  gas  is  absorbed  by 
hemoglobin  solutions  indejwridently  of  the  oxygen,  so  that  a  solu- 
tion of  hemoglobin  nearly  saturated  with  ox>'gen  will  take  up  COj 
as  though  it  held  no  oxygen  in  combination.  Bohr  suggests,  there- 
fore, that  the  U  and  the  CO,  must  unite  with  diiTerent  portions  of  the 
hemoglobin— the  oxygen  with  the  pigment  portion  and  the  CO  j  possi- 
bly with  the  protein  portion.  .Although  the  amount  of  CO,  taken  up 
by  the  hemoglobin  is  not  influenced  by  the  amount  of  O  already  in 
combination,  the  reverse  rclatiojiship  does  not  hold  in  all  cases.  It  is 
found  that  the  presence  of  the  €<.>,  loosens,  as  it  were,  the  combina- 
tion between  the  hemoglobin  and  the  oxygen  so  that  the  oxyhemo- 
globin dissociates  more  readily  than  would  otherwise  be  the  case. 
This  is  observed  at  least  when  the  oxj^gen  is  under  a  low  pressure, 
fuch  as  occurs,  for  instance,  in  the  tapillaries  of  the  tissues.  The 
importance  of  this  fact  in  regard  to  the  oxygen  supply  to  the  tissues 
is  referred  to  more  explicitly  in  the  section  on  Respiration. 

Presence  of  Iron  in  the  Molecule. — It  is  probable  that  iron 
18  quite  generally  present  in  the  animal  tissues  in  connection  with 
nuclein  compounds,  but  its  existence  in  hemoglobin  i.s  noteworthy 
because  it  has  long  l^een  known,  and  because  the  ini port-ant  property 
of  combining  with  oxygen  seems  to  be  connected  with  the  presence 
of  this  r»lement.  According  to  recent  analyses,  the  proportion  of 
iron  in  hemoglobin  is  constant,  lying  Ix'twfcn  0.li3  and  0.34  per 
cent,  t  The  amount  of  henaoslobin  in  lilood  may  be  dcterniiined, 
therefore,  by  making  a  quantitative  determination  of  the  iron. 
The  amount  of  oxygen  with  which  hemoglobin  will  combine  may 

•  "Sk&ndinaviHchra  .\rchiv  f.  PhvaiologiP."  3,  47,  1S92,  and  16,  402,  1904. 
tButter6eM,  Zeit.  f.  physiol.  CKexnie,  62,  173,  1909. 
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be  expressed  by  saying  that  one  molecule  of  oxj'gen  will  be  fixed  for 
each  atom  of  iron  in  the  hemoglobin  molecule  In  the  decomposi- 
tion of  hemoglobin  into  f^lobin  anrJ  heniatin,  which  has  been  spoken 
of  above,  the  iron  is  retained  in  the  hematin. 

Crystals. — Hemoglobin  may  be  obtained  readily  in  the  form  of 
cn'stjils  (Fig.  181).    As  usually  prepared,  these  cn-stals  are  really 

oxyhemoglobin,  but  it  has 
been   shown   that   reduced 
hemoglobin  also  cn'stailizes, 
although   with    more   ililB- 
culty.      Hemoglobin    from 
the  blood  of  different  sni" 
mals   varies    to    a   marked 
degree    in    respect    to  tHe 
power     of     crAstallizatio^*- 
From  the  blood  of  the  r**^ 
dog,   cat,   guinea    pig,  ***    J 
horse,  cr\'stals   are   readi^3''| 
obtained,  while  hemoglobi'^ 
from  the  b]oo<l  of  man  atJ*^* 
of  most  of  tlie  vertebrat*^!^ 


ervstallizes  much  less  eaailv"- 
Methods  for  preparing  an<i' 


i 


hemoKlobiB    (after 
blood  of  moD: 


^^^^^  ^1^  purifying  these  crv'stals  will 

1)6  found  in  works  on  phys-^  ■ 
iologieal  chemistr>'.     To  ob-"^ 
tain  speeimens  quickly  (of 
examination  under  the  mi- 
croscope, one  of  the  most-  I 
certain  methods  is  to  take 
some  blood  from  one  of  the 
animals  whose   hemoglobin 
crj'stallizes  easily,  place   it 
in  a  test-tube,  add  to  it  a 
few  drops  of  ether,  shake  the  tube  thoroughly  until  the  blood  l)e- 
comes  laky, — that  is,  until  the  hemoglol)iu  is  dischargerl  into  the 
plasmiv, — and  then  phu-e  the  tube  on  if-e  \mtil  the  crA'stals  are 
dei>osited.    Small  portions  of  the  crystalline  sediment  may  then  be 
removed  to  a  gla&s  sliile  for  examination.     According  to  Reichert, 
the  deposition  of  the  erystoils  is  hastened   by  adding  amnionium 
oxalate  to  the  blood  in  quantities  sufTirient  to  make  from   1   to 
5  per  cent,  of  the  mixture.     Hemoglobin  from  different  animala 
varies  not  only  as  to  the  ease  with  which  it  crystallizes,  but  in  some 
cases  also  as  to  the  form  that  the  erystjils  take,     In  man  and  in  moet 
of  the  mammalia  hemoglobin  is  deposited  in  the  form  of  rhombic 
prisms;  in  the  guinea  pig  it  cTyslaWiieftVw  leVt»\\eAtis.  (^d,  Yv^.  \%1\, 


Fig.    181— CrvstallUed    

Frty):  a,  b.  Crystals  from  venouu  .^xuvju  u.  u.»*i, 
e,  from  the  blood  of  a  cat ;  d.  (ram  tha  blood  o! 
m  guinea  p\a\  e,  from  the  blood  at  a  bmBiat«r; 
/,  from  the  olood  of  a  squirrel. 
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and  in  the  squirrel  in  liexa^ionji!  plates.  In  an  elaborate  and  care- 
ful study  of  the  crystaliogruphic  cliaracters  of  hemoglobin  from  a 
large  number  of  animals  Reiehert  and  Brown*  have  shown  that 
differences  exist  between  the  crystals  of  various  species  of  surh  a 
character  that  they  may  be  used  to  determine  whether  or  not 
animals  belong  to  the  same  genus.  This  difference  in  crystal- 
line form  implies  some  difference  in  ninlecnlar  stnicture,  and  taken 
together  with  other  knovtTi  variations  in  property  shown  by  hemo- 
globin from  different  animals  leads  us  to  believe  that  the  huge  mole- 
cule has  a  labile  structure,  luid  that  it  may  differ  somewhat  in  its 
molecular  t-oinjiosition  or  atomic  arranf^euient  without  losing  its 
physiological  prrjperty  of  an  ox\geii-rarrier.  In  this  connection 
it  is  interesting  to  state  that  the  hemoglobin  of  horses'  blood,  which 
cn"8tallizes  ordinarily  in  large  rhombic  jirisms,  may  be  made  to  give 
hexagonal  cr>Ktals  by  uUnwing  it  tu  undergn  jjutrefnction,  and  that 
the  form  of  the  crystals  may  then  be  changed  from  hexagons  to 
rhomlis  by  varj'ing  the  t^mjicratiu^  of  the  solutions. f  The  crystals 
are  readily  soluble  in  water,  and  by  repeate<l  crystallization  the 
hemoglobin  may  be  ol)t;iified  [perfectly  jjure.  As  in  the  case  of 
other  .soluble  protein-like  bodies,  solutions  of  hemoglobin  are 
precipitated  by  alcohol,  by  mineral  acids,  by  salts  of  the  heavy 
metals,  by  lx)iling,  etc.  Notwithstanding  the  fact  that  hemoglobin 
crystallizes  so  readily,  it  is  not  easily  dialyzable,  behaving  in  this 
respect  like  non-crystallizable  colloidal  iMidics.  The  compounds 
which  hemoglobin  forms  with  carbon  monoxiil  (CO)  anrl  nitric  oxid 
(NO)  are  also  crj-'statlizable,  the  crystals  being  isomorphous  with 
those  of  oxyhemoglofiin. 

Absorption  Spectra. — Solutions  of  hemoglobin  and  its  deriv- 
ative compounds,  when  examined  with  a  spectroscope,  give 
^tinctive  absorption  liands. 

Light,  when  made  tn  pass  through  a  gloss  prism,  ia  broken  up  into  its 
constituent  rays,  piving  the  play  of  raintKjw  colors  tnowTi  as  the  speclntm. 
A  8p»rtroscof)e  is  an  apparatus  for  pmciiicing  and  observing  a  spectnim.  A 
simple  form,  wliich  illustrates  nulliciently  well  tlie  construction  of  the  apnaru- 
tua,  is  shown  In  Fig.  182.  P  l>eing  the  pla.ss  prisriv  pi^•inp  the  spectrum.  Light 
talk  upon  this  prism  through  the  tul)e  (.1)  tu  tfteloft.  known  a.s  the  "colli- 
SAtor  tube."  .\slit  at  tiic  enti  of  this  tube  IS)  admits  a  narrow  slice  of  ligiit — 
bntplight  or  sunlight — which  then,  by  nrearis  of  a  convex  lens  at  the  other 
end  of  the  tube,  is  made  to  fall  upon  the  prism  (P)  with  its  rays  parallel.  In 
passing  through  the  pri»m  the  rays  are  disjiersed  by  unequal  refraction,  giving 
a  Bpectrum.  The  spectnim  tliu.s  pn)duce<l  is  examined  by  the  oLiscrver  with 
the  aid  of  the  telescope  (JB}.  Wlien  tlie  teleseo|>e  is  properly  foru-sed  for  the 
r.n\  ■:  it  from  tlie  prism  (P),  a  clear  picture  of  the  tfpectrum  if*  seen. 

Tl  t  the  spectrum  will  depend  up»in  the  nature  and  the  tuiinber  of 

ibe  [Jiir.!!!-  t  hrough  which  the  light  is  made  to  pass.     Foronlinary  giurposcia  a 
/ibort  «i)ectnmi  i."  preferable  fnr  hemoglobin  band.t,  and  a  spectroscope  with  one 
firisni  18  generally  used.     If  the  wurce  of  light  is  a  lamj)  flame  of  w>mc  kind, 

•  Reichert  and  Brown,  "The  Crv.stallography  of  Hemoglobin,?,"  Carnegie 
tnclitutiun  of  Wa.shington,  No.  lUi,'  VM). 

t  Ublik,  "Archiv  f.  d,  gcsammto  Physiologie,"  104,  (>4,  1904. 
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the  spectrum  ia  continuous,  the  colors  gradually  inergin|r  one  into  anotiie 
from  red  to  violet.  If  sunlight  is  used,  the  spectrum  will  be  crosaed  by 
nuiuber  of  narrow  ilark  lines  known  a.s  the  "  Fraunhofer  lines."  The  poatio: 
of  thes(!  lim-8  in  Iho  wjliir  Hpoc;tr.ini  ia  fixeii,  and  the  more  distinct  ones  u 
designaled  tiy  k-tters  of  the  alphaliet,  A ,  B,  C,  D,  E,  etc.,  m  shown  in  the  chaiti 
below.  If  while  using  solar  light  or  un  artificia.]  light  a  solution  of  any  8ub 
Stance  which  fjivtst  »t>iiorptioii  bands  jh  so  placed  in  front  of  tito  slit  tbiat  lb 
light  is  obliged  to  traverse  it,  the  apectruni  ue  observed  through  the  teleeoop 
will  show  one  or  more  narrow  or  broad  black  bands  that  are  characteristi 
of  the  substance  used  luid  constitute  its  al>»<irption  spcctnun.  The  position 
of  theae  bauds  may  be  designated  by  describing  their  relations  to  the  Fraiu 
hofer  lines,  or  more  directly  by  stating  the  wave  lengttis  of  the  portiona  " 
the  .spectrum  between  which  absorption  takes  place.  iJome  ."ipectroscopes  »■ 
provided  with  a  sicale  of  wave  lengths  superposed  on  the  8ix>ctrum,  and  whi 
properly  adjusted  this  scale  enables  one  to  read  off  directly  the  wave  le 
of  f»ny  part  of  the  spectrum. 


let^t 


When  very  dilute  solutions  of  oxyhemoglobin  are  examined  wJ 
the  spectroscope,  two  absorption  bands  appear,  both  occurring 


Fig.  182. — Spectroscope :  P,  Tho  gLuis  prism ;  A ,  the  collimator  tube,  showing  t 
tbrough  which  the  Ught  is  adcnittMl:    B,  the  telescope  for  obaervinf  the  ■paetrair 


the  portion  of  the  spectnira  included  between  the  Fraiinhofer  lir 
D  ami  E.  The  hand  nearer  the  red  end  of  the  speetrum  is  knoi 
as  the  "a-band";  it  is  narrower,  darker,  and  more  clearly  defin 
than  the  other,  the  '\?-band"  (Fio;.  183).  The  width  and  distim 
Uess  of  the  bands  vary  naturally  with  thn  concentration  t>f  t  he  soliiti 
tiaed  (see  Fip;.  184)  or,  if  the  concentration  remains  the  san 
with  the  width  of  the  stratum  of  liquid  through  which  the  lig 
pasaes.  With  a  certain  minimal  percentage  of  oxyhemoglol 
(less  than  0.01  per  cent.)  the  ^-band  is  lost  and  the  «-band  is  V€ 
faint  in  layers  1  centimeter  thick.     W\th  fitrorvger  solutions   t 
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bands  become  darker  and  wider  and  finally  fuse,  while  some  of  the 
extreme  reti  end  and  a  great  deal  of  the  violet  enil  of  the  spectrum 
are  ais<i  absorJjed.  The  varintions  in  the  absorption  spectrum, 
with  differences  in  concentration,  are  clearly  shown  in  the  accom- 
pan>Tng  illustration  from  Rojiett*  (Fig.  184);  the  thickness  of  the 
layer  of  liquid  is  supposed  to  be  one  centimeter.  The  nuniljers 
on  the  right  indicate  the  [lercentage  strength  of  the  oxyhemoglobin 
sohitions.     It  will  be  noticed  that  the  absorption  which  takes 
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Tlf.  183.— Tfcbleof  atMorption  spectra  (.Zitmkt  nnA  ^/allfr):  1,  Absorption  spectrum 
of  ox/bemcelobin.  dilute  coluiiun;  2,  absorption  s|.>«clruni  of  if  dureii  hemoglubm;  3.  ab- 
•arpUoa  apectrum  of  niethvmoglobin,  neutral  a  ilutiuii;  4,  atworiitnui  (tiwtlruiu  of  met- 
beoKylobui,  alkaliike  solution  ;  5,  almnrption  spectrum  of  liouiatin.  acid  solutioa;  6,  ab- 
■an>Cion  apActrum  of  bematia,  alkaliue  wlutioii. 

place  as  the  concentration  of  the  solution  increases  affects  the 
red-orange  end  of  the  spectrum  last  of  all. 

Solutions  of  reduced  hemoglobin  examined  with  the  spectroscope 
ehow  only  one  absorption  band,  known  sometimes  as  the  "/-band." 
This  band  Ues  also  in  the  portion  of  the  spectrum  included  Ijetween 
ti^e  lines  D  and  E;  its  relation.s  to  these  lines  and  the  bands  of 
•  Uermaim'B  "  Handbucli  der  Pliysiologie,"  vol.  iv.,  1880 
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oxyhemoglobin  are  shown  in  Fig.  183.  The  ^--band  is  much  mo» 
diffuse  than  the  oxyhemoglobin  bands,  and  its  limits,  therefore 
especially  in  weak  solutions,  are  not  well  defined.  The  width  an 
distinctness  of  this  biunl  vjiry  also  with  the  concent r:it ion  nf  th 
solution.  This  variation  is  suffifiently  well  shown  in  the  accotr 
panying  illustration  (Fig.  185),  which  Ls  a  companion  figuie  to  th 
one  given  for  oxyhemoglobin  (Fig.  184).     It  will  be  noticed  tha 

the  last  Ught  to  be  ab 
sorlied  in  lhi.s  case  i 
partly  in  the  rerl  en< 
and  partly  in  the  blue 
thus  explaininji  tliepur 
plish  color  of  hemog\o 
bin  solutions  and  o 
venous  blood.  Ox> 
hemoglobin  soluti  o  o 
can  l:>e  converted  ^ 
hem  oglolnn  sohitioC 
with  a  correspondi' 
change  in  the  sj)ectrti 
bands,  by  placing  tl 
former  in  a  \'acuum  C 
more  conveniently.  I 
adding  reducing  sol 
tions.  The  solutioi 
most  commonly  ub» 
for  this  purpose  are  ar 
monium  sulphid  a  n 
Stokes's  reagent.* 
a  solution  of  reduci 
hemoglobin  is  shaki 
with    air,     it     quick 
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Fi(^.  184. — Diagrain  to  fihow  the  yniinlions  in  the 
Kbaorption  spertrufn  of  oxyheruoEUihin  with  vnryirig 
eoDoentTutiuna  of  the  Kilulion. — < Ader  Rviiell.}  The 
numbem  «i  the  riRht  give  the  Kti-riiRlh  of  the  oxy- 
henmBloliin  sulution  in  percentngerj;  the  lettere  give 
the  (Hi.'.itiiin.s  of  the  Fraunhofpr  lines.  To  n.«rertBiii 
the  miiount  of  Bhsorpition  for  auy  icivpn  concciilration 
up  to  1  per  petit.,  ilruw  a  horixoiital  lino  Rcr<ii«  the 
duixrvn  D(  the  level  porrej<fiotirlin(5  to  tlie  cmicentrn- 
tion.  Where  thL-*  line  pas."*.H  ihruUKli  the  HhaiJciJ  part 
of  the  cliaKrani  abMirptJoii  taketi  plare,  mid  the  width 
of  the  iit>Aor|>tii'n  bands  is  fiecii  ul  once.  The  diii(;ram 
thaws  clearly  Ihnt  the  luiiount  of  alisnrplicin  increaeipe 
as  the  Kolutiona  (wcom©  moif  concentrated,  exiwciiilly  changCS  tO  OXVheiTl 
the  abgorplJon    of  the   blue  end  nf  the  siiertruni.     U         i    i  •  j        •    ' 

will    tw    noticed    that  with  ctjiicent rat ioniv  liet ween  0.6      glODin      anfl     glVeS      t^ 

b.tooJe.'*'"""'-"''""''^*"'^'^*"*^''^'"''^*"''^    bands    instead    of    oi 

when  GxaniinetJ  by  tl 
spec ti-osc ope.     Any  given  solution  may  l)e  changed  in  thu<  way  frc 
oxyhemoglobin  to  hemoglobin,  and  the  reverse,  a  great  number 
times,  thus  demonstrating  the  facihty  with  which  hemoglobin  tak 
up  and  surrender  oxygen. 

Solutions   of   carbon  monoxid  hemoglobin  also  pve  a  spt 

*  Stokes's  reaccnt  ia  iin  animrmiacal  solution  uf  a  ferroiiK  aall.  It  is  ma 
by  ili-s-solvinj;  2  fKiris  (!iy  wi"ijj;lit)  of  ferrous  Buljihiite,  adJinf;  3  parte  of  t4 
tsiric  at'id,  and  llicn  uinnionia  to  distinct  alkaline  reaction.  A  per 
precipitate  should  not  be  obtained. 
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tion  and  appearance 
tingiiished  from  the 
ox3'hemoglolnn  Ijautls 
by  being  slightly 
nearer  the  blue  end 
of  the  spectrum,  as 
may  be  demonstrated 
by  obsefN'ing  the  wave 
lengths  or,  more  con- 
veniently, by  super- 
posing  the  two  si)ectra. 
Moreover,  solutions  of 
carbon  monoxid  hem- 
oglobin are  not  re- 
duced to  hemoglobin 
by  adding  Stokes's 
liquid,  two  bands  lie- 
ing  still  seen  after  such 
treatment.  A  solu- 
tion of  carbon  mon- 
oxid hemoglobin  suit- 
able for  spectroscopic 
examination  may  be 
prepared  easily  by 
passing  ordinafA'  coal- 
gas  through  a  dilute  oxy^hemnglobin  solution  for  a  few  minutes 
and  then  filtering. 

Derivative  Compounds  of  Hemoglobin. — There  are  a  number 
of  pigraentar>'  l>oclies  which  are  formed  directly  from  hemoglobin 
by  deeomp*>sitions  or  chemical  rciictions  of  various  kinds.  Some 
of  these  derivative  sul)stances  occur  normally  in  the  Ijody.  The 
best  known  are  as  follows*: 

Mcihemoglobin. — When  blood  or  a  solution  of  oxyhemoglobin 
is  allowed  to  stand  for  a  long  time  exposed  to  the  air  it  undergoes 
a  change  in  color,  taking  on  a  l>ro\vnish  tint.  Tliis  change  is  due  to 
the  formation  of  methcmoglohin,  and  it  is  said  that  to  some  extent 
the  transition  occurs  very  soon  after  the  bluoil  is  exposeil  to  the  air, 
and  that,  therefore,  detemiinations  of  the  quantity  of  hemoglobin 
by  the  or«linar>'  colorimetric  nit'thods  should  be  made  promptly  to 
avoid  a  deterioration  in  color  value.  Metheniogloliin  may  l>e 
obtained  rapidly  by  the  action  of  various  reagents  on  the  blood, 

•  For  more  dotail«vi  information  conrrminp  the  cliemii?try  anil  literature 
of  llicae  rompoumls,  fetf>  llammarstcn.  "  I*hysioloi;icnl  (."hL'iiii.-tr\',  "  tninslated 
hj  Maodel,  fourth  editioa,  1U04;  .\bderhukk-n.  "  Physiologische  Ohemie.  "  191X3. 


Fig.  IS.'J. — Diagram  to  show  (he  variotiotw  in  the  *h- 
■orpfion  npecCrutn  of  reduce<l  hoindKlnbin  with  vary- 
ing coiiceiititilion.i  of  the  solulinn  {after  RollrtS).  Tn« 
numbers  to  tbe  riifht  give  the  slrerigth  of  thp  hemo- 
globin wilutiiHi  in  peroentagea;  the  letters  Rive  the  pxisi- 
tions  of  the  Fratmhofor  lines.  For  furl  tier  directions 
a.1  to  the  u.ie  of  the  diagrain,  8«  the  <lc'H;ription  of  Fig. 
184. 
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some  of  them  oxidizing  substances,  such  as  permanganate  of  potasl 
or  ferricyanid  of  potash,  some  of  them  reducing  substances,  la. 
deed,  it  is  known  that  the  change  may  occur  within  the  blood-vesseli 
by  the  action  of  such  bodies  as  the  nitrites,  antifehrin,  acetanilid 
etc.  According  to  most  observers,  metlicnmglnbin  contains  th< 
same  amount  of  oxj'gen  as  hemoglobin ;  it  is  combined  differently 
however,  ftjrriijiig  a  more  stable  compound,  which  can  not  bedis 
Bociated  by  tiie  action  of  a  vacuum.  On  this  account,  therefore 
methemoglobin  is  not  capnt>le  of  acting  as  a  respiratory'  pigment 
and  to  tlie  extent  that  it  is  formed  in  the  blood  this  tissue  suffers 
loss  of  its  functional  value  as  a  carrier  of  oxygen.  By  the  strong* 
action  of  reducing  solutions— such  as  ammonium  sulphid — tl 
ox>'gen  may  be  removed  from  the  nietliemoglobin  and  reduce 
hemoglobin  be  obtained.  Methemoglobin  onstalhzes  in  needl* 
and  its  solutions  give  an  absorption  spectnnn  which  varies  & 
cording  as  the  soiution  is  neutral  or  lias  an  alkaline  reaction. 
neutral  solutions  the  characteristic  band  is  one  in  the  orange,  . 
indicated  in  Fig.  183.  In  alkaline  solution  the  absorption  spectru 
has  three  bantls,  two  of  which  are  nearly  identical  with  those  < 
oxyhemoglobin , 

Hcmnttn  (CgjHj^NjFeO^)  is  obtained  when  hemoglobin  is  d< 
comjwsed  by  the  action  of  acids  or  alkahes  in  the  presence  or  oxygei 
It  may  occur  in  the  feces  if  the  diet  contains  hemoglobin  or  hematii 
or  in  case  of  hemorrhage  in  the  stomach  or  small  intestine,  sim 
both  the  pancn'atic  and  the  gas'ric  secretion  break  up  hemoglobh 
with  the  formation  of  hematin.  It  is  an  amorphous  substance,  of 
dark-brown  color,  easily  soluljle  in  alkalies  or  in  acid  alcoholic  soh 
tions.  These  solutions  give  a  characteristic  absorption  spectnu 
which  is  represented  in  Fig.  183. 

Hemin  (Cj^HgjO^N^FeCl)  is  regarded  as  the  hy<lrochlorlc  aci 
ester  of  liematin  and  is  obtained  by  the  action  of  HCl  upon  Ijloo 
previously  treated  with  alcohol.  The  comj>ountl  is  obtained  in  th 
form  of  cr>'stals.  which  under  the  nucroscope  appear  usually  a 
small,  rhombic  plates  of  a  dark-brown  color.  These  crj'stals  nia. 
be  olitainwl  from  small  quantities  of  bloo  i  stains,  etc.,  no  matte 
how  old,  and  they  have  been  relied  upon,  therefore,  as  a  sure  an 
easy  test  for  the  existence  of  blood, — that  is,  hemoglobin.  Th 
test  is  one  that  has  been  much  used  in  medicolegal  cases,  and  ma; 
be  carried  out  as  follows:  A  bit  of  drieii  blood  is  powdered  with  i 
few  crystals  of  NaCl.  Some  of  the  jxjwder  is  placed  u^xin  a  glas 
slide  and  cfjvered  with  a  cover-slip.  By  means  of  a  pipette  a  dro 
or  two  of  glacial  acetic  acid  is  nm  under  the  slip,  and  then  by  draw 
ing  the  slide  re|>eatedly  through  a  flame  the  acid  is  evaporated  t 
dryness,  taking  care  not  to  heat  the  acid  so  high  as  to  cause  it  t 
boU.  ^-yter  the  evaporation  of  the  acid  water  is  run  under  the  sli 
and  the  specimen  is  ready  ior  exaitmnftXAOTv  ^\Jcv  xJoa  Toi^toisica^ 
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Htmorhromof)en  (Cj,H^N,FeOj  ?)  is  obtained  when  heraoglnUin 
L'  Jcromp<»serl  hy  acids  or  alkalies  in  the  absence  of  free  oxygen.  By 
cxJdstion  it  is  convertetl  to  hematin.  Hemochroniogen  is  crystal- 
li»f,  Slid  gives  a  characteristic  absorption  spcctnim. 

Umaioporphyrin  (C,jH,j,N/.)  J  tiiffera  from  the  preceding  deriv- 
.'itivtt  of  hemoglobin  in  that  it  contains  no  iron.  It  nmy  l>e  ob- 
■•urwTJfroni  heniatin  by  the  action  of  strong  acids,  and  is  of  much 
ligical  interest  because  of  its  relationship  to  the  bile  pigments, 
■a:^(h,  like  it,  are  iron-free  derivatives  of  the  hemoglobin.  In  old 
blood-cbts  or  extravasations  it  has  long  been  known  that  a  colored 
en'stalline  product  may  Ije  formed.  This  product  was  designated 
•«  bematoidin  by  Virchow  and  later  was  stated,  on  the  one  hand,  to 
be  identical  with  the  bile  pigment,  bilirubin,  and,  on  the  other  liand, 
to  be  isomeric  with  hematoporphyrin.  Later  observers  have 
prepared  from  hematoporj)hyrin  by  careful  reduction  a  substance 
designated  as  mesoporphyrin.  It  contsiins  one  le&s  oxygen  atom 
than  the  hematoporpliyrin,  and  is  claimed  to  be  identical  with 
heniatoidin.  Another  fact  of  greivt  general  interest  is  that  from 
plant  chlorophyl  there  may  be  f)repared  a  compound,  phyllofxirjAy- 
rin,  ver)'  similar  to  the  mesoporphyrin.  It  would  ap]x;ar  from  tliis 
Telationship  that  the  red  coloring  matter  of  the  blood  and  the 
gTMQ  coloring  matter  of  plants  are  compountls  that  have  some 
nxuil&rity  in  chemical  stnicture. 

Hittohanalins. — This  name  is  a  general  term  that  has  been  given 

to  the  coloring  matter  found  in  the  tissues,  so  far  us  it  has  the 

property  of  taking  up  oxygen.    The  red  coloring  matter  in  some 

njuseles  is  an  example  of  such  a  compound  and  has  been  designated 

■Pepifically  as  myohematin.     According  tf>  most  obser^'ers,  myo- 

'*®niatiji  is  identical  with  hemoglobin, ^tliat  is,  the  muscle  substance 

contains  some  hemogloinn, — and  we  may  suppose  that  its  presence 

^  the  tissue  furnishes  a  further  means  for  the  transportation  of 

^'^yi^en  to  the  muscle  protoplasm. 

GUt   Pigments  and    Urinary   Pigments. — These    pigments    are 
J  ^>Ted  to  in  the  desi^ription  of  the  composition  of  bile  and  urine. 


In 


^his  connection  the  fact  m:iy  l>e  emphasized  tliat  each  of  then»  i.s 


7^f*t)oeed  to  be  derived  from  hemoglobin,  and  each  constitutes,  so 

^peak,  a  form  of  excretion  of  hemoglobin. 

Origin  and  Fate  of  the  Red  Corpuscles. — ^The  mammalian  rtfl 

7^**pu8cle  is  a  cell  that  has  lost  its  nucleus.     It  is  not  probable,  there- 

,^*^,that  any  given  corjKtscle  lives  for  a  great  while  in  the  circuiation, 

'^is  is  made  more  certain  by  the  fact  that  hemoglobin  is  the  mother 

^^Vjstance  from  which  the  bile  pigments  are  made,  and,  jis  these 

•^^^lents  are  being  excreted  continually,  it  is  fair  to  8up[)ose  that 

*^d  coqnwcleB  are  as  steadily  undergoing  disintegration  in  the  blood- 
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Tlic  number  of  red  corpuscles  tiestroyed  daily  in  the  lx>dy  has  nevet- 
beon  dotfmiiiied  with  any  arriinu-y.  but  it  iiuiy  Ul-  Ljuiu-  Uirgc,  as  would appear 
froiii  the  followieiK  uj»proximatf  (.■aU'ulatiun  Ims^'d  u|.>oii  our  incorupk'te 
kninvledpe  of  iht'  amoimi  ot  liil<-t)igiui'm  m/creU'd  daily.  From  ob8er\-ttlion« 
madt*  u|Min  ca-s«*  of  biliary  hstola-s  in  man  it  is  estiniatt'd  ihiit  the  daily  Bow 
of  bill'  anioiua^i  to  about  15  gins.  iM.'r  kilojinitii  of  body  Height.  If  we  oissuiae 
in  accordanct'  with  the  figures  givi-n  by  wnne  authors  tiiat  the  bile  contatna 
as  much  n»  U.2  per  cent,  a?  pigiufnt,  Lhvn  1.95  giun.  of  pigment  will  be  accreted 
per  day  ((35 X  loX. 1)0*2}.  This  piguK-nt  is  formed  from  appro-ximately  the 
same  weight  of  hemalin  and  foi  it.s  fumiation  vvoiikl  reijuire  tite  de?ttruetion 
of  48  gm.s.  of  hemoglobin,  sinei-  hemalin  forui.*i  -1  per  cent,  of  the  molecule  of 
hernociobin  f  1.95-^.04  =  48).  The  total  aniouut  of  blood  in  u  niiin  weigliing 
65  kilograin.x,  according  to  modem  e^stimaU't!,  is  aliout  3510  grams  (65,tKJ0X 
.054),  ami  this  givoH  us  about  4X0  gm.s.  «^[  hemoglobin  i."i5lOX0.14).  Accord- 
ing to  this  es(  imate,  ttiorefore,  one-tciuh  of  the  tot:d  hemoglobin  may  l)e  broken 
down  daily,  and  the  total  duration  of  life  of  a  red  curpu-^^le  in  tiie  circulation 
could  not  exceetl  ten  days.  A  calculation  of  thi.s  kind  i.s,  however,  only 
suggestive;  it  cannot  be  accept«ti  as  a  bafiis  for  further  est itiiat<>8,  owing  to  tlie 
unceitainty  that  prevails  as  to  the  amount  of  bile  pigment  formed  and  excreted 
daily. 

Just  when  anil  haw  the  corpuscles  go  to  pieces  is  not  defi- 
nitely kiunvd.  It  Iia.'*  been  siiggestevi  that  their  destruction 
takes  place  in  the  spleen  and  lymph-glands,  but  the  observations 
advanced  in  support  of  this  hypothesis  are  not  very  numerous 
or  conclusive,  .\itiong  the  rejtnons  given  for  iissuming  that  the 
spleen  is  espefiuUy  concerned  in  the  destruction  of  reti  corpuscles, 
the  must  weiglity  is  the  histological  fact  that  one  can  sometitnes 
find  in  teiisetl  preparations  of  spleen-tissue  or  of  lyin])h-gland8 
certain  large  cells  (macrophags)  which  contain  reil  corpuscles 
in  their  cell-substance  in  various  stages  of  disintegration.  It 
has  been  supposed  that  the  large  cells  actually  higest  the  red 
corpuscles,  selecting  those,  presumably,  that  are  in  a  state 
of  physiological  decline.  Again.st  this  idea  a  number  of 
objections  may  be  raised.  Large  leucocytes  with  red  cor- 
puscles in  their  interior  are  not  found  so  frequently  nor  so 
constantly  in  the  spleen  as  we  should  expect  would  be  the 
case  if  the  act  of  ingestion  were  constantly  going  on.  There 
is  some  reason  for  believing,  indeed,  that  the  whole  act  of 
ing^tion  may  be  a  postmortem  phenomenon;  that  is,  after  the 
cessation  of  the  blootl-stream  the  ameboid  movements  of  the  large 
leucocytes  continue,  wliiSe  the  red  corpuscles  lie  at  rest, — conditions 
that  are  favorable  to  the  act  of  ingestion.  It  may  be  added  also 
that  the  blood  of  the  splenic  vein  contains  no  hemoglobin  in  solu- 
tion, indicating  that  no  considerable  dissolution  of  red  corpuscles  is 
taking  place  in  the  spleen.  Moreover,  complete  extirpation  of  the 
spleen  rioes  not  seem  tt>  lessen  materially  the  normal  destruction 
of  red  corpuscles,  if  we  may  measure  the  extent  of  that  normal 
destruction  by  the  quantity  of  bile  pigment  formed  in  the  liver, 
remembering  that  hemoglobin  is  the  mother-substance  from  which 
the  bile  pigments  are  derived.     It  is  more  probable  that  there  is  no 
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special  organ  or  tissue  cliarged  witli  the  function  of  ilestroyinp  red 
corpuscles,  but  that  they  undergo  disintegration  and  dissolution 
while  in  the  blood-stream  and  in  any  part  of  the  circulation,  the 
liberated  hemoglohin  being  carried  t^  the  liver  and  cxcrcterl  in  part 
as  bile  pigment.  The  continual  destruction  of  red  corpuscles 
implies,  of  course,  a  continual  formation  of  new  ones.  It  has  been 
shown  satisfactorily  that  in  the  adult  tlie  organ  for  the  reproduction 
of  red  corpuscles  is  the  red  marrow  of  bones.  In  this  tissue  hema- 
topoksis,  as  the  process  of  formation  of  red  corpuscles  is  tenned,  goee 
on  continually,  the  proces.s  being  mucli  ini:reased  after  homoiThages 
and  in  certiiin  pathological  conditions.  The  details  of  the  histo- 
logical changes  will  be  found  in  the  text-lxK>ks  of  hwtologj-.  It  is 
sufficient  here  to  state  simply  that  gi"oups  of  nucleated,  colorless 
cells,  erj'throblasts,  are  found  in  the  red  marrow.  These  cells 
multiply  by  karj'okinesis  and  the  tlaughter-cells  eventually  produce 
hemoglobin  in  their  c\topl;ism,  thus  forming  niicleated  red  cor- 
puscles. The  nuclei  are  subsequently  lost,  eitlier  by  disintegration 
or  by  extnision,  and  the  newly  formed  non-nucleated  red  corpuscles 
(eryt-hrocytes)  are  forced  into  the  blood-stream,  owing  to  a  gradual 
change  in  their  position  during  development  caused  by  the  growing 
hematopoietic  tissue.  When  the  process  is  greatly  accelerated,  aa 
after  severe  hemorrhages  or  in  certain  pathological  conditions, 
red  corpuscles  still  retaining  their  nuclei  (normoblasts)  may  be 
found  in  the  circulating  blood,  having  been  f»>rced  out  prematurely. 
Such  corpuscles  may  subsequently  lose  their  nuclei  while  in  the 
blood-stream.  In  the  embryo,  hematopoietic  tissue  is  found  in 
parts  of  the  body  other  than  the  marrow,  notably  in  the  liver  and 
spleen,  which  at  that  time  serve  as  organs  for  the  production  of 
new  rc*l  corpuscles.  In  the  blood  of  the  young  enil>r}'o  nucleated 
red  corpuscles  are  at  first  abundant,  but  they  liecome  less  numerous 
as  the  fetus  grows  older.*  It  is  interesting  to  not-e  that  in  the 
adult  after  severe  anemi.as — e.  g.,  pernicious  anemia — and  in  rabl>its 
after  the  injection  of  saponin  the  spleen  may  again  take  on  its 
hematopoietic  function.  The  venous  sinuses  become  crowded  with 
cells  of   the   marrow   type.f 

Variations  in  the  Number  of  Red  Corpuscles. — ^The  average 
numlier  of  red  corpuscles  for  the  adult  male,  as  has  been  stated 
already,  ia  usually  given  as  5,<KH},tHH>  per  c.nmi.  The  nunil^r 
is  found  to  var>'  greatly,  however.  Out-side  pathological  con- 
ditions, in  which  the  dimuuition  in  number  may  be  extreme,  dif- 
ferences have  lieen  observed  in  hviman  beings  under  sucli  condiUons 
as  the  following:  The  number  is  less  in  females  {4,.50(J,(XK)) ;  it  varies 

•  Howell,  "Life  History  of  the  Blood  Corpu.sclea, "  etc.,  "Journal  of 
Mi>ri»h<i|<»(£Ti',"  IHW,  viil.  IV.;  Bunting,  "Univ.  of  Pennsylvania  Medical 
llulirtin, ""1903,  xvi,  200. 

t  8w  Banting,  "The  Journal  of  E.xperimental  Medicine,"  liKKJ,  viii.,  626. 
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in  individuals  with  the  constitution,  nutrition,  and  manner  of  life; 
it  varies  with  a^e,  being  greatest  in  the  fetus  and  in  the  new-bom 
child :  it  varies  with  the  time  of  the  day.  showing  a  distinct  diminu- 
tion after  meals;  in  the  female  it  varies  somewhat  in  menstruation 
and  in  prejfnancy,  being  slightly  increased  in  the  former  and  di- 
minished in  the  latter  condition. 

V (trial ion  with  AHitiide. — Perhai>s  the  most  interesting  of  the 
conditions  that  may  influence  the  number  of  the  blwxl  corpuscles 
is  a  change  in  altitude.  Att<?ntion  was  first  directed  to  this  point 
by  Bert,*  who  believed  that  the  diminished  supply  of  oxygen 
in  high  altitudes  may  be  comiionsated  In'  an  increased  amount  of 
hemoglobin,  and  subse<(uentiy  Viaultf  demonstrated  that  liNing  for 
a  short  time  at  veiy  high  altitu<les  f4(K)0  meters)  causes  a  marked  in- 
crease in  the  numl>er  of  red  corpuscles, — an  increase,  for  instance. 
from  ii.tXKi.OOO  per  c.mm.  to  T.OOO.CMX)  or  even  S.000,000.  This  fact 
has  since  been  investigated  with  great  care  by  a  large  number  of 
olwervers  and  under  a  great  variety  of  conditions.  The  observation 
has  been  abundantly  confirmed,  and  indeed  it  would  seem  tliat  the 
reaction  takes  place  ver>'  quickly.  Within  twenty-four  houn, 
according  to  some  observers,  and  in  less  time,  according  to  others 
who  have  ex|)erimcnted  during  balUxm  ascensions  ((Jaulc,  Hallion, 
ftnd  Tissot),  the  increase  in  the  number  of  corpuscles  may  be  de- 
tected, although  the  maximum  increase  comes  on  more  gradually. 
According  to  Kemp.  J  the  nuraijer  of  blooil  plates  is  also  greatly 
increAsed  by  high  altitudes,  while  the  leucocytes  are  not  affected. 
There  has,  however,  l^een  much  difference  of  opinion  as  to  whether 
this  increase  in  number  of  the  red  corpuscles  is  relative  or  absolute, 
— that  is.  whether  the  total  number  of  red  corpuscles  in  the  blood, 
and  therefore  probably  the  t^otal  amount  of  liemoglobin,  is  iucreaaed, 
or  whether  it  is  simply  an  ap{iarent  increase  due,  for  instance,  to  s 
diminution  in  the  water  of  the  blood  and  a  con8e<iuent  concentration 
as  regartb  the  numlier  of  corpuscles,  or  to  a  variation  in  the  distri- 
bution of  the  corpuscles  Itetween  the  vessels  of  the  skin  and  those 
the  internal  orgun-s.  The  results  published  ujxin  these  questions 
HVe  been  conflicting.  One  may.  however,  believe  that  the  in- 
numl)er  or  concentration  of  reti  corpuscles  is  an  adaptatiOQ 
IS  of  which  the  oxygen-carrjing  capacity  of  the  blood 
nuMd  to  ('om()ejisate  for  the  diminished  amount  of  oxygen  in  the 
air.  Accorilinc  to  one  set  of  oK*5ervers.  this  .idaptation  is  brought 
about  by  an  al»solutc  in<Tcase  in  the  total  number  of  re«l  corpuaeles. 
and  therefore  in  the  total  amount  of  henDoglolnn.  There  secn» 
to  be  little  doubt  that  such  a  change  occurs  in  cases  of  long  paaktonce 
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in  high  altitudes,  and  we  may  assume  that  the  diminished  amount 
of  oxygen  in  the  air  or  some  other  ronilition  peculiar  tn  these 
altitudes  acts  as  a  stimulus  to  the  blood-foiTuing  tissues  (red  mar- 
row") and  augments  the  output  of  coipusclcs  and  hemoglobin. 
Zuntz  and  his  co-workers  have  shown  in  exj>erinients  upon  dogs 
that  there  is  a  visilile  inrrease  in  the  red  niurrow  of  the  bones  as 
a  result  of  living  for  some  months  at  a  high  altitmle.  According 
to  another  set  of  observers,  the  adaptation  is  brought  about  by  a 
concentration  of  the  blooil.  The  blooii-plasma  is  refiuced  in 
quantity,  perhaps  by  tnmsudatinn  of  water  into  the  tissues,  and 
therefore  the  numl>er  of  red  corpuscles  and  the  amount  of  hemo- 
globin become  greater  for  each  cubic  millimeter.  If  we  assume 
that  this  smaller  bulk  of  blood,  more  concentiated  in  corpuscles 
and  hemoglobin,  circulates  more  rapidly,  then  also  the  oxygen- 
carn'inc  capacity  of  the  blood  is  increa.sed.  In  favor  of  this  view, 
Abderhalden.  for  instance,  has  claimed  that,  if  animals  of  the 
same  species  and  same  Utter  are  bled  to  death  and  the  total  quan- 
tity of  hemoglobin  Ls  estimated,  the  average  figures  obtained  for 
the  animals  at  low  levels  are  the  same  as  for  tho.se  at  the  lush 
altitudes.  Zuntz  has,  however,  called  attention  to  the  fact  that 
when  Abtlerhalden's  figures  are  estimated  per  kilogram  of  weight 
they  show  an  increase  in  total  hemoglobin  in  the  high  altitudes. 
and  he  and  other  observer  have  obtained  similar  i-esults.  It 
seems  certain,  therefore,  tliut  high  altitmles  cause  eventually  a 
marked  increase  in  the  production  of  red  corpuscles,  but  that  the 
very  sudden  changes  of  this  kind  reported  by  some  authors  as 
happening  within  a  few  hours  must  be  considered  as  apparent 
rather  than  real,  ami  are  to  l?e  explaine<l  by  some  change  in  the 
water  contents  or  in  the  *li,stribation  of  the  blcKxL* 

Physiology  of  the  Blood  Leucocytes. — The  function  of  the 
blood  leucocytes  has  been  the  subject  of  numerous  investigations, 
particularly  in  connection  with  the  pathology  of  blood  diseases. 
Although  many  hypothe.ses  have  been  ma<le  a.s  the  result  of  this 
work,  it  cannot  be  said  that  we  possess  much  positive  infornuition  as 
to  the  normal  function  of  tliese  cells  in  the  body.  It  must !«  borne 
in  mini,  in  the  first  place,  that  the  blood  leucocytes  ai*e  not  all  the 
same  histologically,  and  it  may  be  that  theii*  functions  are  as  diveree 
as  their  morphology'.  Various  classificsitions  have  l>een  made, 
based  upon  one  or  another  difference  in  microscopical  structure  and 
reaction,  but  at  present  the  system  most  used  is  that  adopted 
hy   Elhrlich.f     According    to    this    nomenclature,    the    white   cor- 

*  F'or  the  extenflve  literature  see  Vnn  N'onrnvelH.  'Dani  Uliil  ini  Horh- 
pbirjrf, "  "  F'fliijfpr's  .Arcliiv,"  92.  1,  Ht02,  Zutita  et  al.,  "Hoimnkliiiia  iind 
Bcrgwaadeningeu  in  ihrer  Wirkune  auf  dun  MenHcfu-n,"  IOIXk 

t  Ehrlicli,  "Die  Anaeaiie."    1898;  see    also    Seeraanu,  "Ergebnimo  der 
Phjniiologi*,"  3,  part  i.,  HlM. 
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puscles  fall  into  two  main  groups, — the  lymphocytes  and  the 
leucocytes, — and  each  of  tliesse  into  two  or  more  subgroups.    Thus: 


1.  Lyiiphocttks-  No  granules  in  the  cell  substance,  and,  though  capable  of 
ameboid  changes  of  form,  this  properly  is  not  characteristic  and  prob- 
ably not  sulTicicnt  to  cause  locomotion. 

(a)  SnmU  lymphocytes  are  about  the  size  of  the  red  corpuscles;  the  na- 
cleus  is  lar^,  symmetrically  placed,  stains  homogeneously,  and  the 
cytoplasm  is  ret!ucM;d  to  a  very  small  amount.  They  form  from  20 
to  25  per  oent.  of  all  the  white  corpuscles. 

(b)  Large  lymphocytes.     Two  to  three  times  as  large  as  the  preceding- 

Nucleus  somewhat   eccentric;     the    cytoplasm    is    relatively  more 
abundant  than  in  a,  but  no n -granular.     These  forms  exist  onlyj 
small  numl>ers,  forminj:^  1  per  cent,  or  less  of  the  white  oorpt; 
IL  LEUcocvTia.     Granules  of  different  sorts  found  in  the  cytoplasm, 
characteristically  ameboid. 

(o)  Tra fi^fi/ion /ojT/M  (uninuclear  leucocytes).  Si nple  large nucleuB, more 
orlesa  lobulated;  cytoplitsm  abundant  and  faintly  granulated.  The 
granules  stain  with  neutral  ilyes  and  are  therefore  desifi;naled  as 
neutrophile  granuiea.  The  name,  transition  form,  implies  that  these 
leucocytes  represent  an  intermcfliate  stage  between  the  large  lympho- 
cytes and  the  followinp  variety,  l>ut  this  belief  is  vigorously  denied 
by  many  competent,  hematologists.  This  form  exists  in  small 
numbers — 2  to  10  per  cent,  of  tlie  total  number  of  white  corpiisclw, 

(t)  PolyniicJcar  or  poli/morphffmiriear  leucocytes.  Tlie  nucle'is  is  Mg* 
meutcd  into  lobes  comieeted  by  narrow  strands.  The  c>'topliuni 
is  especially  ameboid  and  is  granular.  The  graiudes  in  most  cases 
are  Jieutrophiliu  and  small  in  size.  The  typical  cells  of  thia  kind 
form  the  bulk  of  the  white  corpusclea  of  the  blood, — 60  to  75  per 
cent.  Eosinophilic  /^riiCTri/^f*  form  a  subgroup  of  this  variety.  Tney 
have  a  similar  segmented  nucleus,  but  the  cytopla.sm  contains  nu- 
merous coarse  granules  that  slain  in  acid  dyes,  such  as  cosin,  whence 
the  name, 

(«)  Mant  celtn.  These  peculiar  cells  exLst  in  very  small  numbers  under 
normal  conditions, — less  than  1  per  cent,  of  the  total  number  of 
white  corpuscles.  They  have  a  polymorphic  nucleus  like  the  pre- 
ceding group,  but  differ  in  the  fact  that  the  granules  in  the  cyto- 
plasm are  strongly  basophilic, — that  is,  will  stain  only  with  basic 
dyes,  such  as  thionin. 

Opinions  differ  greatly  as  to  whether  these  different  varieties 
of  leukocytes  have  a  common  origin  or  represent  really  different 
types  di-stinct  in  origin  and  in  functional  activity. 

According  to  some  authors  the  small  lymphocjiies  are  cells 
that  have  an  origin  and  function  different  from  those  of  the  granular 
leucocytes.  While  the  latter  are  supposed  to  originate  from  cells 
(leucoblasts,  myeloblasts)  in  the  bone-marrow,  the  lj'mphoc>'te3 
are  producetl  in  the  nodules  of  the  lymph  glands  and  IjTiiphoid 
tissue,  and  enter  the  blood  through  the  lymph  circulation.  Others, 
however,  lay  stres.s  on  the  fact  that  lymphocytes  occur  in  the  bone- 
marrow  and  hold  that  it  is  possible  or  probable  that  the  lympho- 
cji.es  of  the  blood  may  be  derived  from  the  marrow  tissue  as  well 
as  from  the  lymphoid  tissue.  Moreover,  it  is  stated  by  comp)etent 
observers  that  transitional  forms  between  the  Ijinphocytes  and 
leucocytes  can  be  observed  even  in  the  circulating  blood.     The 


A 


Digitized  by 


Google 


GENERAL    PROPERTIKS:   THE    CORPUSCLES. 


435 


subject  is  one  that  at  present  \s  discussed  chiefly  in  connection 
with  the  pathology  of  l»loo<l  diseases.* 

Variations  in  Number.^Under  normal  eonditions  the  total 
number  of  leucocytes  may  show  considerable  variation;  the  aver- 
age number  in  health  varies  usually  between  5000  and  7000 
per  cubic  millimeter.  A  distinct  increase  in  number  is  designated 
as  a  condition  of  leucocylos^is,  a  marked  dinunutian  as  a  condition  of 
lextarpenia.  I^ucocytosis  occurs  under  various  normal  conditions, 
such  as  digestion,  exercise  or  cold  balhs,  pregnancy,  etc.  The 
variations,  relative  or  absolute,  under  pathological  conditions,  have 
lieen  studied  with  exhaustive  care  as  an  aid  to  diagnosis  and  elassi- 
fication. 

Functions  of  the  Leucocytes. — Perhaps  the  most  striking 
property  of  the  leucocytes  as  a  class  is  their  j>o\ver  of  making 
ameboid  movements, — a  characteristic  which  has  gained  for  them 
the  sobriquet  of  "wandering"  cells.  By  virtue  of  thi.s  property 
some  of  them  are  able  to  migrate  through  the  walls  of  blood  capil- 
laries into  the  surrounding  tissues.  This  process  of  migration  takes 
place  normally,  but  is  vastly  accelerated  under  pathological  con- 
ditions. As  to  the  function  or  functions  fulfilled  by  the  leucoc\tes, 
numerous  suggestions  have  been  made,  some  of  which  may  be 
stated  in  brief  form  as  follows:  {\)  They  protect  the  body  from 
pathogenic  bacteria  and  other  foreign  celts  or  organisms.  In 
explanation  of  this  action  it  has  been  suggested  that  they  may 
either  ingest  bacteria,  and  thus  destroy  them  directh ,  or  they 
may  form  certain  substances,  bacteriolysins,  that  destroy  the 
bacteria.  The  wonderful  protective  adaptation  of  the  body  des- 
ignated by  the  tenn  "biological  reaction"  ha.s  already  been  referred 
to  (p.  410).  The  foi-mation  of  immune  substances  in  the  blood  is 
attributed,  in  part  at  least,  to  the  leucocytes.  J^eucocytes  that 
act  by  ingesting  the  bacteria  are  spoken  of  as  "  phagocytes ''(^rfyerv, 
to  eat;  ku-cu-,  cell).  This  theory  of  their  function  is  usually 
designated  as  the  "  phagocytoi^is  theory  of  Metchnikoff":  it  is 
foundal  upon  the  fact  that  the  ;imelioI(!  leucocjies  are  known  to 
ingest  foreign  particles,  inclutling  bacteria,  with  which  they  come 
in  contact.  The  leucocytes  which  seem  especially  adapteil  to 
attack  bacteria  are  the  polyuiorphunuclear  variety,  designated 
by  Metscluiikuff  as  uiicrophags.  (hie  of  the  most  interesting 
recent  developments  in  pathology  in  this  connection  is  the  dis- 
covery (Wright)  that  this  power  of  the  leucocytes  to  ingest  bac- 
teria depends  upon  the  presence  in  the  plasma  of  certain  sub- 
Bla'  irnated  as  opsonins  (from  opso'rm,  1  p>repare  fmid  for), 

will'  ;  ize  or  in  some  way  prepare  the  bacteria  so  that  they 

•  Psppenheim,  "Atlas  d.  mcTisch.  Blutzcllen,"  1905,  and  Weidenreich, 
"The  Aoatomical  Record,"  4,  317,  1910. 
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are  atacked  by  the  leucocytes.  These  opsonins,  like  the 
toxins,  belong  to  the  group  of  antibo<iieH,  and  may  be  called  int) 
existence  or  increased  in  amount  by  the  injection  into  the  bodj 
of  suitable  bacteria  or  thrir  products.  The  amount  of  o|>soniin 
present  at  any  time  may  he  ileterniined  by  mejisuriiig  the  phago 
cyttc  activity  of  the  teuc(jcyte.s,  that  is,  by  determining  th< 
actual  number  of  hacterisi  ingested  by  them,  in  comparison  witlj 
normal  conditions.*  {2)  They  airi  in  the  absurptiun  of  fuU 
from  the  intestine.  (3)  They  aid  in  the  iibsi)r]iti<in  of  peptone* 
from  the  intestine.  It  may  be  noticed  here  that  the.'^e  theories 
apply  to  the  leucocytes  found  so  abundantly  in  the  lymphoicj 
tissue  of  the  alimentary  canal,  rather  than  to  those  contained 
in  the  blood  itself.  (4)  They  take  jtart  in  the  process  of  h\voC 
eoagulatiiHi.  A  cr>mplete  statement  with  reference  to  this  func 
tion  must  be  reserved  until  the  phenomenon  of  coagulation  \i 
described.  (.5)  Thry  hel]»  to  maintain  the  normal  composition 
of  the  blood-plasnia  in  proteins.  It  may  be  said  for  this  vie* 
thai  tliere  is  con.si<lerable  evidence  to  show  that  the  leucocytei 
normally  undergo  disintegration  and  tUssohition  in  the  circulating 
blootl.  to  some  extent  at  least.  The  blood  proteins  are  peculiar 
and  they  are  not  formed  {lirectly  irom  the  digested  food.  It  ij 
possible  that  the  leucocytes,  which  are  the  only  typical  cells  ii 
the  blood,  aid  in  keeping  up  the  normal  supply  of  proteins.  Fron 
this  .^standpoint  they  might  be  regarded  in  fact  as  unicellular  glanda 
the  products  of  their  metabolism  ser\'ing  to  maintain  the  norma 
composition  of  the  blood-phusma.  The  formation  of  granule 
■within  the  substance  of  the  eo.sinophiles  ofTere  a  suggestive  analogy 
to  the  accumulation  of  zymogen  3;ranules  in  ehinduhir  cells. 

Physiology  of  the  Blood  Plates. — The  bJood  plates  are  small 
circular  or  elliptical  bodies,  nearly  homogeneous  in  structure  an< 
variable  in  size  (0.5  to  .5.. 5  ,«),  but  they  are  always  smaller  than  th 
red  corpuscles.  Less  is  known  of  their  origin,  fate,  and  function 
than  in  the  ca.sc  of  the  leucocytes.!  ^Mien  removed  from  the  circti 
lating  l)lo(}d  they  are  known  to  ^li.siiitegrate  very  rapidly.  Thi 
peculiarity,  in  fact,  prevented  theni  from  being  ciiscovered  for  a  lonj 
time  after  the  blood  had  been  studied  micntscnpically.  It  has  bee) 
shown  that  they  are  formed  elements,  anrl  not  simply  precipitate 
from  the  plasma,  as  was  suggestetl  at  one  tune.  The  theory  a 
Hay  em,  their  real  discoverer,  that  they  develop  into  red  corpuscle 

*  For  a  brief  gpn*'ral  dianu«sion  of  opsonins,  see  I^pJctoen,  "Scieace^l 
Feb.  12,  19<Kt.  1 

»  t  Wright  ("Boston  Medical  am!  Surgical  .Fournid,"  Jun^  7,  1906,  atM 
"Jovirnal  of  Morpliolony,"  21,  No.  *2,  lHI(>j  calls  aHenfion  to  a  rolationshij 
botwet-n  tlieblcxKl-pliitcsand  the  giiint  fclL-Jof  the  marrow  (megiilokarytxryteaj 
and  vetiturea  the  opinion  that  the  plates  are  detached  pieces  of  the  cyt4>pla«fl 
■oi  the  giant  cells. 
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may  also  be  considered  as  erroneous.  There  is  considerable  evi- 
dence to  show  that  in  shed  blood  they  take  part  in  the  process  of 
coagulation.  The  nature  of  this  evitlenee  will  be  described  later. 
On  account  of  their  small  size  and  somewhat  indefinite  form  the 
Btructurc  of  the  blood  plates  is  not  satisfactorily  known.  Deetjen* 
has  demonstrated  ttiat  Uiey  are  capable  of  ameljoid  movements. 
VVlien  removed  from  the  blood  vessels  to  a  glass  slide  they  usually 
agglutinate  into  larger  or  smaller  masses,  swell,  and  disintegrate. 
but  if  received  upon  a  surface  of  agar-agar  which  has  been  made  up 
with  physiological  saline,  together  with  .some  .sodiimi  melaphoa- 
phate  (NaPO.j),  they  flatten  out.  show  a  central  granular  portion 
and  a  peripheral  clear  layer,  and  may  make  quite  active  amelioid 
movements.  Deetjen  claims  also  that  they  possess  a  distinct 
nucleus.  This  latter  statement  is  perhaps  doubtful,  an  other 
observers  report  that  tfie  n^aterial  which  stains  like  a  nucleus  is 
present  as  separate  granides  in  the  interior  of  the  plate.  These 
granules,  though  pos.'sibly  of  nuclear  material,  do  not  have  the 
morphological  appearance  of  a  cell  nucleus.  It  remains,  therefore, 
uncertain  whether  the  bltxjd  plates  are  to  bo  considered  as  inde- 
pendent cells  or  as  fragments  of  disintegrated  cells.  On  account 
of  their  tendcnt-j'  to  agglutinate  an»l  dissolvp  when  the  blood  is  shed 
it  is  difficult  to  obtain  reliable  data  as  to  their  numbers  under 
normal  and  pathological  contlitions.  t  The  results  obtained  by 
later  observers  using  special  methods  to  prevent  known  sources  of 
vrroT  indicate  that  the  average  number  may  be  300,000  per  culjic 
millimeter.  The  extremes  reported  vary  from  200,000  or  2.50, (MM) 
to  778,000.  Under  certain  pathological  conditions,  especially  in 
I>emicious  anemia  and  lymphatic  hnikrmia,  their  number  is  greatly 
reduce<l,  while  in  the  acute  infectious  diseases  there  is  said  to 
be  a  diminution  in  number  during  the  period  of  fever,  followed 
by  a  marked  increase  beyond  the  normal  during  the  periotl  of 
convalescence.  A  number  of  ob.servers  have  stated  that  in 
hemorrhagic  di.sea'^es  in  which  tln"rp  is  delayed  coagulation  and 
tendency  to  bleed  there  may  be  a  great  reduction  in  the  number  of 
platelets.  Duke  J  states  that  in  such  cases  transfusion  of  blood 
from  a  normal  person  removes  the  hemorrhagic  temlency,  while 
increasing  markedly  the  number  of  platelets.     But  in  three  days 

•"Virchow'8  Arohiv  f.  path.  .Vnat.  u.  Phy.smt.,"  \M,  2.39,  1{M)I. 

t  For  a  <umninr>'  of  the  litprature  and  iHPthrMJs,  consult  Kemp,  "Journal 
of  the  Amfriran  Mcdirjil  Assdfiatkm."  April  7  iirnl  14,  I'.MHi;  Prt*tl,  ihui., 
Dec.  30,  liK).*),  and  WriKht  and  Kinnicutt,  " 'I'raii.sjtrHDnH  of  A.s.s{k'.  of  .\m. 
Phjrsicianj*,"  Sluy,  19VU.  The  jjrcscrvative  solution  reromrm'ndwl  by  Prutt 
ronidsts  of  sodium  niPtanhosntuitc,  2  grnmii;  wxiium  rhiorid,  0.;i  grwm;  wiiier, 
Hn  f  c  Thill  prefomii  hy  Iv^-nip  is,  ftirnialin  l'4()  per  vont.  aqvicous  solution 
tit  {''  I),  10  o.c'.;  sixltan)  chtorid  (I  pn  cent,  solution),  lijOcc,  while 

Wri.  va  a  solution  of  cnwyl  blue  and  pota.H.siuni  I'vaniil. 

;  iMikt,     Journal  of  the  .\intT.  .Mi-d.  A.-ww;.,"  55,  p.  I1S5,  11110. 
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the  number  of  platelets  again  falls  to  a  low  level,  and  simultaneous^ 
there  is  again  a  tendency  to  spontaneous  bleeding.  The  obser\— 
tion  is  of  interest  as  indicating  a  connection  of  the  platelets  wi  ^ 
the  process  of  coagulation,  and  also  in  showing  that  the  life  histos 
of  the  platelets  in  the  circulation  is  probably  very  brief.  Outsit 
the  part  that  they  take  in  the  formation  of  thrombi  and  in  tK 
initiation  of  coagulation,  nothing  definite  is  known  of  their  functic:: 
under  normal  conditions. 
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GHAPTER  XXIII. 

CHEMICAL  COHPOSITION  OF  THE  BLOOD-PLASHA ;    Ca 
AGULATION;  QUANTITY  OF  BLOOD;  REGENERA- 
TION AFTER  HEMORRHAGE. 


Composition  of  the  Plasma  and  Corpuscles. — Blood  (plasma 
and  corpuscles)  contains  a  great  variety  of  substances,  as  might  be 
inferred  from  its  double  relations  to  the  tissues  as  a  source  of 
nutrition  and  as  a  means  of  removing  the  waste  products  of  their 
functional  activity.  The  constituents  that  may  ]>e  present  in 
nonnal  blood-plaama  are  in  part  definitely  known  and  in  part 
entirely  unknown  from  a  chemical  standpoint.  Some  idea  of  the 
complexity  of  the  composition  may  be  obtained  from  the  following 
Uble: 

COMPOSITION     OF    THE     BLOOD-PLASMA. 
Water,  Oxygen,  Caruon  Dioxu},  Nitrogen. 
f  Fibrinogen. 
J   P-g'»bulin   {   E"SS 


Bttrudivea, — that  ia,  substances  other 
than  proteins  that  may  be  ex- 
tracted from  the  dried  residue  by 
water,  alcohol,  or  «ther. 


Scrum-albumin 

Nucleo-prniein. 

B'ats. 

Sugar. 

Urea. 

Jecorin. 

Glucuronic  acid. 

I.reeitliin. 

Chok'sterin 

Lactic  acid. 

Chlorid.s 
Carbonatea 
Suiphalps 
Pho.spliatra 

Internal  secretions 


I  Pseudoglobuiin, 


of 


f  Sodium. 
Potassium. 
Calcium. 
Magnesium. 
Iron, 


Enzymen  and  unknowns ^   Enzymes  -J  Qiycolaae,  etc 

I    Immune  bodies  (Aniboceptori). 
t'omplements. 
(ipsonjn-s. 

A  number  of  detailed  chemical  analyses  of  the  blood  of  different 
animals,  so  far  as  its  constituents  can  be  determined  by  analytical 
methods,  have  been  reported  at  different  times.    The  following 
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table,  taken  from  Abderhalden,*  and  showiiig  the  compoeition  C3 
dogs'  bloody  may  serve  as  an  example: 

1000  Parts,  bt  1000  PAiin,  bt  1000  Pabtb.  bt 

WnoHT,  OF  Blood        Wkioht,  or  8c-      Weight,  op  Coriu^ 

Contain  huh  Contain  clbb  Contaix 

Water   810.05  923.98  644.26 

Solids 189.95  76.02  355.75 

Ht-moglobm 133.4                        327.52 

Protein 39.68  60.14  9.918 

Sugar 1.09  1.82 

Choksterin   1.298  0.709  2.155 

Lecithin    2.052  1.699  2.568 

Fat 0.631  1.051 

Fatty  afids 0.759  1.221  0.088 

Phosphoric  acid: 

aa  nuclein 0.0S4  0.01  fl  0.110 

Na,0  3.675  4.263  2.821 

KjO 0.251  0.226  0.289 

Fe,0, 0,641                       1.573 

CaO 0.062  0.113 

MgO 0.052  0  04O  0.071 

a 2.935  4.023  1.352 

PA 0-809  0.242  1.635 

Inoreanir: 

P,Dj 0.676  0.080  1.29S 

'The  same  constituents  in  much  the  same  proportions  are  found 
in  the  blootl  of  all  the  mammalia  examineil.  The  amount  of  protein 
in  the  serum  is  greater  in  some  cases  than  in  others, — in  the  dog, 
for  instance,  according  to  Abderhalden's  analyses,  the  protein 
amounts  to  only  6  per  cent.,  white  in  the  horse  it  may  be  7  or  8  per 
cent.  So  also  there  are  small  \'^ariations  in  the  amount  of  choles- 
terin,  sugar,  and  other  constituents,  but.  on  the  whole,  the  composi- 
tion of  the  liquiil  part  of  the  blood,  blood-semm  or  blood-plasma, 
is  remarkably  uniform  so  far  as  chemical  analyses  go.  We  know, 
however,  that  the  phj'siological  properties  of  mammalian  serum  may 
be  very  different  indeed;  that  the  serum  of  a  dog,  for  instance.  vnW 
kill  a  rabbit  when  injected  into  its  ve&sels.  Such  physiological  dif- 
ferences a.s  this,  however,  depend  ujjon  con,stituents  which  can  not 
he  dot.ermine<l  at  present  by  chemical  means.  The  chemical  com- 
position of  the  blood-serum  differs  from  that  of  the  red  corpuscles  in 
a  number  of  r<'spects  in  addition  to  the  presence  of  hemoglobin  in 
the  latter.  The  corpuscles  contain  no  sugar  nor  fat ,  a  larger  amount 
of  cholesterin,  lecithin,  phosphoric  acitl,  aiul  jMitassium,  and  less 
.sodium  und  chlorin.  The  red  corpuscles  of  different  maumialia 
show  a  remarkable  variation  in  the  amount  of  potassium  salts 
eontaine<I.  Thus,  according  to  Bnitidenburg,  10(X)  parts  by  weight 
of  the  red  corpuscles  contain  the  following  amount*?  of  KjO  in 
different  mammalia:  Cat,  0.258:  dog,  0.257;  man,  4.294;  horse, 
4.957;  ral>bi(.  5.229. 

*  "Zeitachrift  f.  phyaiologischc  Chcmie,"  25,  88,  1898. 
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^Proteins  of  the  Blood -plasma. — The  general  properties  and 
Stions  of  proteins  and  the  related  compounds,  as  well  as  a,  classi- 
fication of  those  occurring  in  the  animal  body,  are  (iescribe<.i  briefly 
in  the  Appendix.  This  description  should  lie  read  before  attempt- 
ing to  study  the  proteins  of  the  plasma  and  the  part  they  take  in 
coagulation.  Three  protein.s  nre  usually  de.scril)ed  as  existing  in  the 
plasma    of    circulating   blood, — namely,    fibrinogen,    paraglohulin, 

I  or.  us  it  is  sometimes  called,  "serum-globulin,"  and  semm-albumin. 
The  first  two  of  these  proteins,  fibrinogen  and  paraglohulin,  belong 
to  the  group  of  globulins,  and  hence  have  many  properties  in  com- 
mon. Seruni-albuniin  belongs  to  the  group  of  albumins,  of 
which  egg-ulbumin  constitutes  another  nietnber. 

I  Serum-albumin. — This  substance  b  a  tj-pical  protein.  Itcan5)e 
obtained  readily  in  crystalline  form  from  the  horse's  blood.  Its 
percentage  composition,  according  to  Michel,  is  as  follows:  C,  53.08; 
H.  7.10;  N.  15.9.3;  S,  1.90;  O,  21.9tj. 

Its  molecular  composition,  according  t«  Schmiedeberg,*  may  be 
represented  by  C^gHj^NjaSOj,  or  some  multiple  of  this  formula. 

k Serum-albumin  shows  the  general  reactions  of  the  native  albuniin.s. 
One  of  its  most  useful  reactions  is  its  behavior  toward  magnesium 
sulphate  and  ammonium  sulphate.  Serum-albumin  usually  occurs  in 
the  body-liquids  together  with  the  globulins,  as  i.s  the  case  in  bk>od. 
If  such  a  liquid  is  thoroughly  saturated  with  solid  magnesium  sul- 
or  half  saturated  with  ammonium  sulphate,  the  globulins 
precipitated  completely,  while  the  albumin  is  not  affected. 
far  as  the  blood  and  similar  liquids  are  concerned,  a  definition 
serum-albumin  might  l>e  given  by  saying  that  it  corapri."?es  all 
le  proteins  not  precipitated  by  saturation  with  magnesium  sul- 
or  by  half  saturation  with  ammonium  sulphate.  When  its 
}lutions  have  a  neutral  or  an  acid  reaction,  serum-albumin  is 
precipitated  in  an  insokd>le  form  by  heating  the  .solution  above  a 
degree.  Precipitates  produced  in  this  way  by  heating 
lions  of  proteins  are  spoken  of  as  coagulations — heat  coagula- 
tions—and  the  exact  temperature  at  which  coagulation  occurs 
is  to  a  certain  extent  characteristic  for  each  protein.  The  tem- 
perature of  coagidfttion  of  serum-albumin  Ls  usually  given  at  from 
70''  to  "ii**  C,  but  it  varies  greatly  with  the  conditions,  —foe  in- 
stance, with  the  reaction  of  the  solution,  its  concentration  in  .salts, 
or  with  the  nature  of  the  salts  present.  It  has  been  a.s.st>rte<l, 
in  fact,  that  careful  heating  under  proper  conditions  gives  separate 
coagulations  at  three  different  temperatures.^namely,  73".  77°, 
id  84**  C. — ^indicating  the  poa«ibility  that  what  i.s  calle<l  "senjm- 
ibumin"'  may  be  a  mixture  nf  three  proteins.  Serum-albumin 
Ecurs  in  blood-pla.sma  and  blood-.senim,  in  lymph,  and  in  the 
It  normal  and  pathological  exuilalions  found  in  the  lx>dy^ 
•  "Arctiiv  f.  exper.  Pathol,  u.  Plmrmakol.,"  39,  1,  1897. 


DigrtizGrl"b7^ 


BLOOD    AND    LYMPH. 


such  as  pericardial  liquid,  hydrocele  fluid,  etc.    The  amount  c*: 
Berum-albumin  in  the  blood   varies  in  different  animals,  ranginL, 
among  the  mammalia  from  2.67  per  cent,  in  the  horse  to  4.52  p& 
cent,  in  man.     In  some  of  the  cokl-blooded  animals  it  occurs  Lxi 
surprisingly  sraali  quantities, — 0.36  to  0.69  per  cent.     As  to  tb^ 
Bource  or  origin  of  aeruni-ulbumin.  it  is  frequently  stated  that  ic 
comes  from  the  digested  proteins  of  the  food.     It  is  known  th&'C^ 
protein  material  in  the  food  is  not  changed  at  once  to  senim-albuimjo 
during  the  act  of  digestion ;  indeed ,  it  is  known  that  the  final  j)ro<Juf  t-*^ 
of  digestion  are  a  group  of  proteins  of  an  entirely  difTerent  char^ — 
acter, — namely,   peptones   and   proteoses, — or,  indeed,  a  aeries  o:^ 
much  simpler  split  products:  but  during  the  act  of  absorption*^ 
into  the  blood   these  latter  lx)dies  have  lieen  supposed  to  undergc:^ 
transformation  into  serum-albumin.     From  a  physiological  stand- — ' 
point  senmi-albumin  is  often  considered  to  be  the  main  source  or^ 
protein  nourishment  for  the  tissues  generally.     As  will  be  explained.-- 
in  the  section  on  Nutrition,  one  of  the  most  important  requisites 
in  the  nutrition  of  the  cells  of  the  body  is  an  adequate  supply  of 
protein  material  to  replace  that  used  up  in  the  chemical  changes, 
the  metabolism,  of  the  tissues.      Serum-albumin  lias  been  supposed 
to  furnish  a  part,  at  least,  of  this  supply,  although,  as  a  matter  of 
fact,  there  is  no  sulistantial  proof  that  this  view  is  correct.     As 
long  as  the  serum-albumin  Is  in  the  blood-vessels  it  is,  of  course, 
cut  off  fi-om  the  tissues.     The  cells,  however,  are  bathed  directly 
in  lymph,  and  this  in  turn  is  formed  from  the  plasma  of  the  blood 
which  is  transuded   or,  according  to  some   physiologists,  secreted 
through    the    vessel    walls. 

Paraglobulin,  which  belongs  to  the  group  of  globulins,  e.xhibitB 
the  general  reactions  characteristic  of  the  group.  As  stated  above, 
it  IB  completely  precipitated  from  its  solutions  by  saturation  with 
magnesiimi  sulphate  or  by  half  saturation  with  ammonium  sulphate. 
It  is  incompletely  precipitated  by  saturation  with  conMiion  salt 
(NaCI),  In  neutral  or  feebly  acid  solutions  it  coagulates  upon 
heating  to  75°  C.  Hammarsten  gives  its  percentage  composition 
aa:  C.  52.71  j  H,  7.01;  N,  15.85;  S,  1.11;  O.  23.32.  Schmiedeberg 
^ves  it  a  molecular  composition  corresponding  to  the  formula 
CuT^^tss^so^^^^sB  +  iHiO.  According  to  Faust,  the  precipitate  of 
paraglobulin  usually  obtained  with  magnesium  sulphate  contains  a 
certain  amount  of  an  albuminoid  body,  gluloHn,  which  he  believes 
to  be  a  constant  constituent  of  blood-plasma.  Paraglobulin  occurs 
in  blood,  in  lymph,  and  in  the  normal  and  pathological  exudationa. 
The  amount  of  paraglobulin  present  in  blood  varies  in  different 
animals.  Among  the  mammalia  the  amount  ranges  from  1,78  per 
cent,  in  rabbits  to  4.56  per  cent,  in  the  horse.  In  human  blood  it  is 
given  at  3.10  per  cent.,  being  less  in  amount,  therefore,  than  the 
serum-aibumin.     It  ia  usually  stated  that  more  of  this  protein  ia 
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found  in  the  serum  than  in  the  plasma.  This  fact  is  explained  by 
Bupposing  that  during  coagulation  some  of  the  leucocytes  disinte- 
grate and  part  of  their  substance  passes  into  solution  as  a  globulin 
identical  with  or  closely  resembling  paraglobulin.  Paraglobuhn  as 
obtained  from  blood-serum  by  half  saturation  with  ammonium 
sulphate  or  full  saturation  with  magnesium  sulphate  does  not  behave 
like  a  chemical  individual.  Portions  of  it,  for  instance,  are  precipi- 
tated by  CO,  or  by  dialysis,  and  portions  are  not  so  precipitated. 
Recently,  therefore,  it  has  been  assumed  that  paraglobuhn  is  in 
reality  a  mixture  of  two  or  possibly  three  different,  although  re- 
lated, proteins.  The  separation  usually  given  is  into  euglobulin 
and  peeudoglobulin,  euglobulin  being  the  portion  precipitated  by 
ammonium  sulphate  when  added  to  one-thir<l  saturation  (28  to  33 
per  cent.),  and  pseudoglobulin  the  portion  precipitated  only  by 
one-half  saturation  (34  to  5()  per  cent.).  The  latter  portion  shows 
properties  more  nearly  related  to  the  atbumins.*  The  whole  basis 
of  classification  is,  however,  unsatisfactory  and  provisional  (see 
appendix).  It  is  even  stated  that  under  certain  conditions  of 
temperature  and  reaction  serum-albimiin  may  be  converted  to  a 
globidin  body  that  precipitates  upon  one-half  .saturation  with 
ammonium  sulphate.f  The  origin  of  paraglobulin  remains  unde- 
termined. It  may  arise  from  the  digested  proteins  absorbed  from 
the  alimentary  canal,  but  there  is  no  evidence  to  su|>port  such  a 
\iew.  Another  suggestion  is  that  it  conies  from  the  disintegration 
of  the  leucocytes  (and  other  formed  elements)  of  the  blood.  These 
bodies  are  known  to  contain  a  small  quantit}*  of  a  globulin  resem- 
bling paraglobulin,  and  it  is  pD,s.sil)le  that  this  globulin  may  be  liber- 
ated after  the  dis.solution  of  the  leucocytes  in  the  plasma,  and  thus  go 
to  make  up  the  normal  .supply  of  paraglobulin.  Several  observersj 
have  claimed  that  during  starvation  the  proportion  of  globulins 
in  the  blood  is  increased  relatively  or  absolutely.  A  possible 
explanation  is  that  the  increase  is  due  to  cell  globulins  received  from 
the  tissues  which  must  undergo  destruction  and  dissolution  in  pro- 
longer  1  fasting.  The  fact  remains,  however,  that  our  knowledge  is 
too  incomplete  at  present  to  venture  any  positive  statements 
regarding  the  origin  and  specific  functions  of  the  paraglobulin. 

Fibrinogen  is  a  protein  belonging  to  the  globulin  class  and  exhibit- 
ing all  the  general  reactions  of  this  group.  It  is  distinguished  from 
j»araglobulin  by  a  number  of  spxjcial  reactions;  for  example,  its 
temperature  of  heat  coagulation  is  much  lower  (56"  to  GO**  C),  and 


•  PoFReii  and  Spiro,  "Beitrjige  jsur  chem.  Phvsiol.  u.  Patho!.."  3,  277 
1903;    and  Freiind  and  Joachim,  "Zeitscl'iriFt  f.  physiologische  Chemie,"  36 
1902. 
Moll,  "Beitrage  zur  chem.  Physiol,  u.  Pathol.  "  4.  5fA,  1903. 

See  St.  Githens,  "Beitrk^e  zur  chem.  Physiol,  u.  Patlml.,"  5,  515,  1904 

abo  Lewiiuki,  "Pfliiger's  Archiv  f.  d.  gesammte  Physiol. ,"  100,  Oil.  1903 
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it  is  completdy  thrown  down  from  its  solutions  by  saturation  wit 
Botiium  chloric!  as  well  as  with  magnesium  sulphate.  Its  most 
iinjiortant  and  distinctive  reaction  is,  however,  that  under  proper 
conditions  it  gives  rise  to  an  insoluble  protein,  fibrin,  whose  forma- 
tion is  the  essential  phenomenon  in  tlie  coagulation  of  blood. 
Fibrinogen  hjis  a  jiercentage  composition,  according  to  Hammar- 
st^n.  of:  C,  52.93;  11,6.90;  S,  16.66;  S,  1.25;  U,  22.26;  while  it» 
molecular  composition,  according  to  Schmiedelierg,  is  indicated  by 
the  formula  C.^^H.^jN^SO,.. 

Fibrinogen  is  found  in  blood-plasma,  lymph,  and  in  some  cases, 
though  not  iilway.s.  in  the  normal  and  pathological  exudations.  It 
is  absent  from  blood-serum,  Ijeing  used  up  during  the  process  of 
clotting.  It  occurs  in  very  small  quantities  in  bloo<l,  compared 
with  the  other  proteins.  Eatimatcs  of  the  amount  of  fibria,  which 
cannot  differ  very  much  from  the  fi!>riiiogcn,  show  that  in  human 
bloo(i  it  varies  from  U.22  to  0.4  [wr  cent.;  in  horse's  blood  it  may 
l>e  more  abundant, — 0,65  |xt  cent.  As  to  the  origin  and  the  sp>ecial 
physiological  value  of  this  jirotein  we  are,  if  possible,  more  in 
the  dark  than  in  the  case  of  paraglobulin,  with  the  exception  that 
fibrinogen  i.s  known  to  be  the  .source  of  the  fibrin  of  clotted  blood. 
But  clotting  M  an  occasional  phejiomenon  only.  What  nutritive 
function,  if  any,  is  possessed  by  fibrint>gcn  under  normal  conditions 
is  unknown.  No  entirely  satisfactory  account  has  l>een  given  of 
its  origin.  There  is  some  evidence  to  indicate  that  the  fibrinogen 
is  produced  in  the  liver,  or  at  any  rat<'  that  this  organ  is  concerned 
in  some  way  in  its  production.  Thus  it  is  stated  that  extirpation 
of  the  liver  in  the  dog,  after  establishing  an  Kck  fistula,  is  followed 
by  a  rapid  disappearance  of  the  fibrinogen  of  the  blood.'  So  also 
in  phosphorus  jwisoning,  anil  particularly  in  chloroform  poison- 
ing, which  is  attended  by  an  extensive  necrosis  of  the  central 
portions  of  the  liver  lobules,  the  amount  of  fibrinogen  in  the  blood 
rapidly  reduced  (Whipple),  and  sinuiltaneously,  a*  we  .should 

?ct,  the  blood  loses  more  or  less  conipl<'t<'ly  its  jjower  of  clotting. 

The  following  tablet  gives  some  results  of  analyses  of  blood 
which  indicate  the  average  amounts  of  the  different  proteins 
in  the  blcxxi-plasma  of  several  animals.  The  figures  give  the  weight 
of  the  protein  in  grams  for  100  c.c.  of  plasma. 


4 


Total  Pnortin*. 

7.20 

II  03 

7.2« 

.      .H.tM 

.    .8  05 


Herom- 

ALVI'MIN. 

4.01 
3.17 
3.V3 
2.80 
4.42 


Pabaulobcun, 

2.83 
2.26 
3.00 
4.79 
2.M 


0.42 

O.fiO 

r)4u 

0.45 
0.65 


Pavon,  "C.  r.  Soc.  Biol."  56,  012,  HMM.  an<!  Nolf,  "Areh.  mt 
L,"'3.  1.  19^;  ".\rchivJodi  fclwoloKia,"  7.  IHtW. 
iki,  /<*■.  fit. 
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Other  Proteinx  of  the  Hlood-serum  or  Blotxi-plainna.  —  V roni  time  to  time 
other  protein  bodies  have  been  described  in  the  senim  or  plasma  of  the  blood. 
In  the  serum  after  coagulation  HiiHimarstun  has  obtaiin-d  a  globulin  body, 
dbrin-giUAjulin.  which  he  supp<j8es  may  be  split  off  from  the  Bbrinogeii  during 
the  act  of  clotting.  Fnust.  as  wiw  mentioned  above,  describes  an  albuminoid 
subtJtance,  giutolin,  whicii  i.s  pre,*fiit  in  the  blood  and  in  u.sually  precipitated 
together  »nth  the  partmlohulm.  A  numlier  of  observers  have  noted  the  ex- 
istence in  blood  of  a  protein  not  coagulated  by  heat.  By  some  iiuthors  this 
hsA  been  described  as  a  peptone  or  an  albumuMe  (Lan^chteiu),  by  others  u.-;  an 
ovomucoid  (Zanetti"),  and  by  others  still  (Chabrie)  as  u  peculiar  protein  for 
which  the  name  lUhunion  ha-s  been  pro[x>se<l.  By  others  still  this  iion-coagn- 
lable  protein  obtained  from  nerum  or  plasma  has  been  explained  a.s  an  artificial 
prodtict  arising  from  the  globidinn  of  the  blood  during  the  proce.«s  of  remov- 
ing the  coaguTable  proteins  by  heating.  So,  too,  nueleoprotein  subNtances 
have  been  descril>ed  m  the  blood-serum  by  several  observers,  most  recently  by 
Freund  and  Joacliim.  It  i.s  rjuite  posHiblc,  however,  that  the  substance  de- 
scribed as  nueleoprotein  is  in  reality  a  mi.Kture  or  combination  of  lecithin  and 
protein.  Most  of  the  protein  when  precipitated  from  the  hknid  carries  down 
with  it  some  lecitliin,  and  will  theretore  show  a  reaction  for  phoBjvhorus.  It 
■cAn  be  shown  that  the  p!uispliorii.<i  present  is,  in  most  cases  at  lea.-)!,  remov- 
able by  boiling  with  alcohol,  and  there  is  at  present  no  entirely  satisfactory 
proof  that  nueleoprotein  e.xists  in  the  blood. 

Coagulation  of  Blood. — One  of  the  most  striking  properties  of 
bloocl  is  its  power  of  chHting  or  coagulating  shortly  after  it  eseajjea 
froni  the  blood-vessels.  The  general  changes  in  the  blood  during 
this  process  are  easily  followed.  At  first  perfeetly  fluid,  in  a  few 
minutes  it  becomes  viscous  and  then  sets  into  a  soft  jelly  which 
quickly  becomes  firmer,  so  that  the  vessel  containing  it  may  be 
inverted  without  sijilling  the  blood.  The  clot  continues  to  grow 
naore  compact  and  grackially  shrinks  in  volume,  pressing  out  a 
smaller  or  larger  quantity  of  a  clear,  faintly  yellow  liquid  to  which 
the  name  blood-serum  is  given.  The  essentiul  part  of  the  clot  Ls  the 
fibrin.  Fibrin  is  an  insoluble  protein  not  found  in  normal  blood. 
In  shed  blood,  and  under  certain  conditions  in  biood  while  still  in  the 
blood-vessels,  tliis  filjrin  is  formeil  from  the  soluble  fibrinogen. 
The  deposition  of  the  fibrin  i.s  peculiar.  It  is  precipitated,  if  the 
word  may  be  used,  in  the  form  of  an  exceedingly  fine  network  of 
delicate  threads  which  permeate  the  whole  ma.ss  of  the  bltKid  and 
give  the  clot  its  jelly-like  character.  The  shrinking  vi  the 
threads  causes  the  subsequent  contraction  of  the  clot.  If 
the  blood  has  m»t  been  di.sturlied  during  the  act  of  clotting, 
the  re«l  corpuscles  are  caught  in  tlie  firu!  fibrin  itifshwork,  and 
OS  the  clot  shrinks  the.se  corpuscles  are  held  nwre  tirnily,  only 
the  clear  liquid  of  the  blood  being  squeezed  out,  si> 
thiit  it  is  possible  to  get  specimens  of  .scrum  containing 
few  or  no  red  corpuscles.  The  leucocytes,  on  the  con- 
trarj',  although  they  are  also  caught  at  first  in  the  forming 
meshwork  of  fibrin,  may  readily  pass  out  into  the  serum  in  the  later 
stages  of  clotting,  on  account  nf  their  power  of  making  anieix>id 
movements.  If  the  blood  has  Ijeen  agitated  during  the  process  of 
slotting,  the  delicate  network  will  l>e  broken  in  places  and  the  serum 
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will  be  more  or  less  bloody — that  is,  it  will  contain  numerous 
corpuscles.  If  during  the  time  of  clotting  the  blood  is  vigorously 
whipped  with  a  bundle  of  fine  rods,  all  the  fibrin  is  deposited 
as  a  string)'  mass  upon  the  whip,  and  the  remaining  liquid  pari 
consists  of  serum  plus  the  blood  corpuscles.  Blood  that  has  been 
whipped  in  this  way  is  known  as  "  defibrinatetl  bloml."  It  resembles 
nonnal  blood  in  appearance,  but  is  different  in  its  composition;  it 
can  not  clot  again.  1'he  way  in  which  the  fibrin  is  normally  de-fl 
posited  may  be  demonstrated  very  easily  under  the  microscojje  by  " 
placing  a  good-sized  drop  of  blood  on  a  slide,  covering  it  with  a 
cover-slip,  and  allowing  it  to  stand  for  several  minutes  until  coagu- 
lation is  completed.  If  the  drop  is  now  examined,  it  is  possible  by 
careful  focusing  to  discover  in  the  spaces  between  the  masses  of 
corpuscles  many  examples  of  the  delicate  fibrin  network.  "Fhe 
physiological  value  of  clotting  is  that  it  stops  hemorriiages  hj 
closing  the  openings  of  the  wounded  blood-vessels. 

Time  of  CloUiny. — ^The  time  necessary  for  the  clot  to  form  varies 
slightly  in  different  individuals,  or  in  the  blood  of  the  same  in- 
dividual varies  with  the  conditions.  It  may  be  said  in  general  that 
under  nonnal  conditions  the  blood  passes  into  the  jelly  stage  in 
from  tlireo  to  ten  minutes  at  room  temperature  (20°  C).  The 
sepiiratiori  of  clot  and  serum  takes  place  gradually,  but  is  usually 
completed  in  from  ten  to  forty-eight  hours.  The  time  of  clotting 
oShows  luarkeil  variations  in  different  animals;  the  process  is 
especially  slow  in  the  l)lood  of  the  horse,  terrapin,  and  birfls,  so 
that  coagulation  of  shed  blood  is  more  easily  prevented  in  thes« 
nnitnals.  In  the  human  being  also  the  time  of  clotting  may  be 
mu<.-h  prolonged  under  certain  conditions — in  fevers,  for  example. 
~phia  fjict  wfis  noticed   in  the  days  when  blood-letting  was  a 

iminon  practice.     The  slow  clotting  of  the  blood  permitted 
the  re<i  corpuscles  to  sink  somewhat,  so  that  the  upper  part  of 
je  clot  in  Huch  ca.ses  was  of  a  lighter  color,  forming  what  WM 

lle«l  the  "buffy  coat."     The  time  of  clotting  may  be  shortened 
or  f)roloi»god,  or  the  clotting  may  be  prevented  altogether,  in 
varitma  ways,  and  much  use  has  been  made  of  this  fact  in  study 
ing  the  composition  and  the  coagulation  of  blood  as  well  aa  in 
controlling  hftmorrliapeM.* 

General  Statement  of  Problem. — The  clotting  of  blood  is  such 

prominent  phenomenon  that  it  has  attracted  attention  at  ail 
Knj«*,  and  as  a  result  numerous  thcorit^  to  account  for  it  have  been 
advanced,     Most  of  these  theories  have  now  simply  an  lurttorical 
intenwt.     In  recent  years  nmch  experimental  work  has  been 
U|)on  the  .subjtK't,  the  result  of  which  has  been  to  increase 

*  Fur  rliniral  methods  of  determininK  the  ooagulAtion  time  with  •  imp 
t  two  of  bloTHl,  rrfcvmco  mav  be  made  to  the  manuals  of  cliltteal 
It  AddU,  "Quarterly  Jouruaf  of  Exp.  PhyaioloKy."  1906,  I,  306. 
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our  knowledge  of  the  process;  but.  no  complete  explanation  has  yet 
been  reached.  It  is  generally  athnitted  that  the  essential  constit- 
uent of  the  clot — namely,  the  fibrin — is  formed  from  the  fibrinogen 
normally  present  in  the  plasma,  and  that  without  this  fibrin- 
ogen clotting  is  impossible.  If,  for  instance,  blooti  is  heated  to 
60°  C,  a  temp€'niture  sufficient  to  precipitate  the  fibrinogen  as  a 
heat  coagulum,  its  power  of  clotting  is  tost.  Clotting,  therefore,  is 
essentially  a  process  of  the  blood-plasma,  as  was  shown  indeed  by 
the  old  ejq>erimenters  (Hewson).  Moreover,  it  is  also  admitted 
that  the  conversion  of  the  soluble  fibrinogen  to  the  insoluble  fibrin 
is  accomplished  by  the  agency  of  a  substance,  known  as  thrombin 
or  fibrin  ferment,  which  is  not  present,  in  its  active  form  at  least, 
in  the  blood  while  in  the  bloo<^l-vessels,  but  is  formed  after  the 
blood  is  shed  or  under  certain  abnormal  conctitions  within  the 
blootl-vessels.  These  two  imi>ortaiit  facts  we  owe  mainly  to 
the  investigations  of  Alexander  Schmitlt,*  whose  work  com- 
pletetl  the  older  observations  of  Hewson,  Buchanan,  Denis, 
and  Bniekc. 

Preparation  of  Solutions  of  Fibrinogen. — Fibrinogen  may 
be  obtained  readiiy  in  solution  free  from  other  proteins  by  the 
general  ineth(xl  first  described  by  Hammarsten.  One  may  use 
the  plasma  of  horse's  blooti  which  has  been  kept  from  clotting 
[by  prompt  cooling,  and  in  which  the  con>us<-les  have  been  thrown 
by  cent^ifugali^ing  or  by  long  standing  at  low  temperature, 
it  is  more  convenient,  perhaps,  to  use  cat's  blood  which  has 
been  kept  from  clotting  by  allowing  the  blood,  as  it  escapes  from 
the  vessels,  to  run  into  a  solution  of  sodium  oxalate,  using  an 
amount  such  that  the  final  mixture  contains  0.1  per  cent,  of  the 
oxalate.  This  mixture  is  centrifugalizetl,  the  clear  plasma  is  re- 
jnoved,  and  the  fibrinogen  in  it  is  precipitated  by  adding  an  equal 
of  a  saturated  solution  of  socUum  chlorid. 


jThi?  method   in   some  (k-fail    is  .'ts   follows:  After  ndiling  to  the  clear 
ilk  an  (>qual  bulk  of  a  saturated  Hohition  of  Hodium  chlorid  the  result- 
_j»g  prccipitttle  of  fibrinogen  is  centrifugalized.  the  supernutiint   lifiuid  is 
jiourpii  off,  the  precipitate  ia  washe<l  with  a  lilllc  of  a  half-sat  lira  I  oil  snlu- 
'"lon  of  iwdium  chloruJ,  and  then  dissolved  with  stirring  in  u  two  per  cent. 
slution  of  sodium  chlorid  find  tiltertnl.      This  Holution  w  again  precipi- 
by  half-saturation  with  .sudium  chlorid,  ccntrifuRaliKed,  washed,  and 
lve«J  aa  before  in  a  two  fier  cent,  solution  of  sodium   chlorid.     The 
S8B  is  repealed  a  third  time,  and  th«r  w-a.-^hed  precijdtate  it<  finally  di«- 
Ived  in  a  one  per  cent,  solution  of  sodium  chloriil.     It  fr«H|uently  happens 
kl  ihc  third  precipitate  will  not  diM^iolvo  in  the  dilute  sodium  chlorid, 
*  to  that  case  a  few  tlropn  of  a  half  per  cent,  solution  of  aodium  bicar- 

„  »te  may  be  added   to  carry  it  into  solution.     To  get  rid  of  poBsible 

tfnceR  of  sodium  oxalate  the  solution  may  be  dialysed  for  some  hours  Id  a 
oollodion  a&c,  against  a  one  per  cent,  solution  of  sodium  chlorid. 

•  "Archiv  f.  An&t.,  Physiolopie,  u.  wiaa.  Medicin,"  Reirhert  u.  du  Boi«- 

3nd,  1861.  pp.  M."),  675,  and  1862,  pp.  428,  533;  "Pfluger'B  Archiv.  f. 

.  giBBunmtc  PhyaioL,"  6,  413,  1872;  "Zur  Blublebre,"  Leipzig.  1892  and  1835. 
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A  solution  of  fibrinogen  prepared  as  above  clots  readily  upon 
the  addition  of  blood-serum  or  of  other  solutions  containing 
thrombin,  and  if  the  preparation  has  been  entirely  successful,  a 
genuine  clot,  that  is,  the  precipitation  of  the  fibrinogen  in  gelatin- 
ous form,  cannot  be  obtained  from  it  by  any  other  means.  As  a 
matter  of  fact,  solutions  of  fibrinogen  prepared  as  described  some- 
times clot,  although  much  more  slowly,  when  instead  of  a  throm- 
bin solution  one  adds  a  little  calcium  chlorid  or  a  solution  con- 
taining calcium  chlorid  and  sodium  bicarbonate  in  about  the 
proportion  found  in  a  Ringer's  mixture.  This  latter  fact  indicates 
that  the  fibrinogen  solution  in  such  cases  contains  a  trace  of  some 
material  from  which  thrombin  may  be  produce*!.  In  all  probability 
this  material  is  the  antecedent  form  of  thrombin,  that  is,  so-called 
prothrombin,  which,  as  we  shall  see,  is  converted  to  thrombin  by 
the  action  of  calcium  salts. 

Preparation  and  Properties  of  Thrombin. — Thrombin,  or  so- 
called  fibrin  fcnncnt,  is  prepared  readily  by  the  method  first  de- 
scrilxMl  by  Schmidt.  Bloo<l  is  allowed  to  clot,  and  the  serum  is  then 
precipitated  by  the  addition  of  a  largo  excess  of  alcohol  (usually 
twenty  volumes),  .\fter  standing  some  days  or  weeks  the  pre- 
cipitate is  drained  off  and  dried,  and  is  then  ground  up  and  ex- 
tracted with  water.  The  aqueous  extract  contains  proteins, 
salts,  and  other  things  in  addition  to  the  thrombin.  A  solution 
made  in  this  way  causes  a  prompt  cot^i^lation  when  added  to 
a  solution  of  pure  fibrinogen.  That  the  thrombin  thus  obtained 
is  not  pres<»nt  as  such  in  normal  blood,  but  is  formed  after  shed- 
ding, is  indicated  by  the  fact  that  if  the  animal's  blood  is  allowed 
to  flow  directly  from  the  artery  into  a  large  bulk  of  alcohol,  due 
care  being  taken  in  the  process,  the  precipitate  thus  obtained  when 
subsiKjuently  dried  and  extractetl  with  water  yields  little  or  no 
thrombin. 

•Vnother,  p<>rhaps  simpler,  meth(Kl  of  obtaining  a  strong  prep- 
aration of  thrombin  is  to  treat  fibrin  with  an  8  per  cent,  solution  of 
stxlium  chlorid  fBuchanan-(Janigee).  Fibrin  obtained  from  a 
slaughter-house  is  wa"<he<l  thoroughly  in  running  water  until  the 
hemoglobin  is  removed,  and  is  then  minced  and  extracted  at  a  low 
temperature  with  th<'  strong  salt  solution  for  several  days.  The 
filtere<l  extract  is  rich  in  thrombin,  but  contains  also  large  amounts 
of  di.ssolviti  protein.  Starting  with  such  an  extract  the  author* 
ha.s  shown  that  by  n'lu'ated  shakings  with  chlorofonn  the  coagul- 
able  proteins  pn'sent  in  the  extract  may  Ih'  remove<l  completely 
and  the  thrombin,  in  diniinish«>«l  (juantitit^,  l>e  left  l)ehind  in 
appjirently  pun'  contlition.  Observations  ma<le  upon  preparations 
of  thrombin  |)urified  ju<  ju.'*t  describe«l  show  that  it  has  the  follow- 
•  Howell,  ".\nuTican  Jourtml  of  I*hysioloK>-,"  26,  453,  1910. 
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ing  prop>erties:  it  is  very  easily  soluble  in  water,  it  is  not  coagulated 
by  boiling,  it  is  precipitated  with  difficulty  l)y  alcohol  in  excess, 
it  is  precipitated  uninjured  by  half-saturation  with  ammonium 
sulphate,  it  responds  to  a  number  of  the  ordinary  protein  tests, 
such  as  the  biuret,  the  Million's,  and  t-specially  the  tryptophan 
(Adanikiewicz)  reacttoii.  We  may  I'otielude,  therefore,  that  in  all 
probabiUty  thrombin  is  a  protein  substance.  The  evidence  at 
hand  indicates  that  thrombin  as  such  does  not  exist  in  the  cir- 
culating blood,  but  is  present  probalily  in  an  antecedent  or  inac- 
tive form  known  as  prothrotnbin  or  Ihrumhogen.  When  the  blood 
is  shed,  or  under  certain  abnormal  conditions  while  circulating  in 
the  vessels,  the  prothrombin  is  changed  or  activated  to  thrombin. 
The  nature  of  this  change  is  discussed  below.  Once  the  thrombin 
e-xists  in  active  condition  it  exhibits  the  remarkable  property  of 
precipitating  the  fibrinogen  in  the  form  of  a  gelatinous  clot,  the 
essential  part  of  the  clot  being  a  network  of  threads  of  filjrin. 

Nature  of  the  Action  of  the  Thrombin  on  Fibrinogen. — Solu- 
tions of  fibrinogen  may  be  precipitated  reaiiily  in  a  number  of  ways, 
but,  so  far  as  known,  only  thrombin  is  capable  of  precipitating  it 
in  the  peculiar  way  necessary  to  iorm  a  gelatinous  clot.  The 
nature  of  this  reaction  is  obscure.  The  u.sual  view  in  physiology 
is  that  first  suggested  by  Schmidt,  namely,  that  the  thrombin  is 
an  enzyme  or  ferment,  fibrin  ferment.  If  this  view  is  correct,  then, 
in  accordance  with  our  idea  of  the  way  in  which  ferments  act,  the 
thrombin  should  not  be  used  up  in  the  reaction,  but  should  act 
over  and  over  again,  converting  new  fibrinogen  to  fibrin.  Moreover, 
the  fibrin  on  this  view  shouki  be  formed  entireiy  from  the  fibrinogen, 
since  the  thrombin,  if  a  fennent,  does  not  constitute  a  part  of  the 
final  prt)duct .  Several  specific  hypotheses  have  been  proposed  to 
explain  the  nature  of  the  change  undergone  by  the  fibrinogen 
in  its  conversion  to  fil)rin.  It  has  been  suggeste<l  that  the  fibrino- 
gen undergoes  a  hydrolytic  cleavage,  with  the  formation  of  the 
insoluble  fibrin,  on  the  one  hand,  and  a  soluble  "  fibrin  globulin," 
on  the  other;  or  that  the  molecular  stale  of  the  fibrinogen  undergoes 
a  change  similar  perhaps  to  that  caused  by  heating,  whereljy  an 
in^aoluble  product  is  formed.  These  and  similar  hypotheses  have 
not  been  supported  by  experimental  evidence,  and,  indeed ,  a  numl>er 
of  obeervers  from  time  to  time  liave  questioned  the  fundamental 
part  of  such  theories,  namely,  the  belief  that  thrombin  acts  like  a 
ferment.  Experiments  indicate  that,  unlike  the  ferments  in  general, 
thrombin  under  certain  contlitjons  withstands  the  temperature  of 
ixiiiing  water,  and,  again,  unlike  the  ferments,  a  small  amount  of 
thrombin  allowed  to  act  upon  fibrinogen  produces  a  fixed  amount 
of  fibrin  which  does  not  increase  with  the  time  during  w^hich  the 
thrombin  is  allowed  to  act.     It  has  been  suggested,  therefore, 
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as  an  alternative  hypothesis  that  the  thrombin  and  fibrinogen 
form  a  combination  of  a  physical  or  physico-chemical  charackr 
which  results  in  their  ^mutual  precipitation  as  fibrin  (Nolf).  Such 
a  theory  is  in  accord  with  the  fact  that  freshly  formed  fibrin  when 
subjected  to  prolonged  washing  with  water  gives  off  little  or  no 
ihrombin,  but  when  subsequently  treated  with  solutions  of  sodium 
chlorid  (8  per  cent.)  a  portion  of  it  goes  into  solution  and  this 
solution  is  rich  in  thrombin. 

The  Influence  of  Calcium  Salts  in  Coagulation. — Many  ob- 
servers have  called  attention  to  the  fact  that  calcium  salts  in 
certain  concentrations  influence  favorably  the  coagulation  of  blood. 
Solutions  of  calcium  chlorid  injected  directly  into  the  circulation 
will  shorten  greatly  the  coagulation  time  of  the  blood,  or  may  even 
cause   intravascular   clotting.     We   owe   to   Arthus   and   Pag^ 
however,  the  proof  that  calcium  salts  are  essential  to  the  process 
of  normal  coagulation.   These  observers  showed  that  freshly  drawO 
blood  allowed  to  flow  into  an  oxalate  solution,  in  amounts  such  tha.*'  " 
the  final  concentration  in  oxalate  is  not  less  than  0.1  per  cent 
will  remain  unclotted  indefinitely,  but  may  be  made  to  clot  at  anV^ 
time  by  the  addition  of  a  suitable  amount  of  calcium  salt,     Tha 
this  effect  is  not  due  to  an  excess  of  the  a<kled  oxalate  is  proved  hi 
the  fact  that  the  oxalated  blood  or  tlie  plasma  obtained  from  if> 
by  centrifugalization   may  be  dialyzed   against  a  large  bulk  of 
solution  of   sodium  chlorid,  0.9   per    cent.,  until  the  excess  of 
oxalate  is  removed.     This  dialyzed  plasma  w\\\  remain  unclotted 
indefinitely,  but  coagulates  promptly  upon  the  addition  of  small 
amounts  of  calcium  chlorid.     It  ha.s  been  shown  quite  conclusively 
by  Hammarsten  that  the  calcium  is  not  directly  concerned  in  the 
conversion  of  the  fibrinogen  to  fibrin;  the  thrombin  is  able  to  effect 
this  change  in  the  absence  of  calcium.     The  dialyzed  oxalated 
plasma  sjK>ken  of  above  is  readily  clotted  if  some  thrombin  solu- 
tion free  from  calcium  salts  is  added  to  it,     The  role  of  the  calcium 
lies  in  the  part  that  it  takes  in  the  conversion  of  the  prothrombin 
to  thrombin.    According  to  the  terminologj'  used  at  present,  we 
may  say  that  calcium  is  necessary  for  the  activation  of  the  throm- 
bin.    In  the  oxalated  plasma  fibrinogen  and  prothrombin  or  inac- 
tive thrombin  are  present,  and  the  addition  of  calcdura  salts  serves 
simply  to  convert  the  prothrombin  to  thrombin.     We  may  be- 
lieve that  this  reaction  occurs  always  in  the  initial  stages  of  normal 
clotting. 

Influence  of  Tissue  Extracts  Upon  Coagulation. — Another  im- 
portant consideration  in  the  normal  clotting  of  blood  is  the  in- 
fluence of  extracts  of  tissues  upon  the  rapidity  of  the  process. 
Many  observers  have  shown  that  certain  substances  are  contained 
in  the  tissues  in  general,  including  the  blood-corpuscles,  which 
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tend  to  accelerate  the  process  of  clotting,  Arthus,  for  example, 
found  that  bloott  taken  directly  from  the  artery  of  a  mammal 
through  a  clean  tube  will  clot  within  a  cert.ain  time,  while  if  allowed 
to  flow  first  over  the  woundet!  surface,  as  happens  under  normal 
conditions,  the  time  of  clotting  is  much  accelerated.  This  in- 
fluence of  the  tissues  is  shown  in  an  extreme  way  when  vie  consider 
the  blood  of  the  lower  vertebrates,  the  birds,  reptiles,  and  fiishea. 
If  blood  is  drawn  from  an  artery  of  one  of  these  animals  through 
a  clean  tube  it  clots  with  great  slowness,  and  if  the  blood,  as  soon 
as  it  is  drawn,  is  centrifugalized  and  the  clear  plasma  is  removed 
from  contact  with  the  blood-corpuscles,  it  may  remain  unclotted 
for  many  hours  or  fail  to  clot  at  all.  If,  hnwever,  the  drawn  blood 
or  the  centrifugalized  plasma  is  mixrt}  with  an  extract  from  the 
animal's  tissues,  the  mxiscles,  for  example,  it  will  clot  within  a  few 
minutes.  This  is,  of  course,  what  happens  in  such  animals  when 
wounded.  The  escaping  blood  oozes  over  the  cut  surface  and  clot- 
ting occurs  promptly.  Mammalian  l>lood  differs  from  that  of  the 
lower  vertebrates  in  that  it  clots  within  a  few  minutes,  even  if  kept 
from  coming  in  contact  with  the  injured  tissues,  and  this  diflfereuce 
may  be  explained  quite  satisfactorily  on  the  view  that  the  acceler- 
ating substance  furnished  by  the  tissues  in  the  lo%ver  vertebrates 
is  supplied  in  the  case  of  the  mammal  by  the  corpuscles  in  its  own 
blood,  most  probably  by  the  platelets  which,  as  is  well  known,  dis- 
integrate very  rapidly  when  the  blood  is  shed.  The  mammalian 
blood  (dog)  may,  however,  be  brought  into  the  condition  of  the 
bird's  blood  very  easily  by  the  so-called  process  of  pe|)touization, 
that  i.s  to  say,  by  injecting  rapidly  into  the  circulation  a  certain 
amount  of  a  solution  of  Witte's  peptone  (,see  below,  Antithrombin). 
If  the  injection  is  successful,  the  blood  when  drawn  remains  fluid 
for  many  hours,  and,  if  promptly  centrifugalized,  the  plasma  may 
fail  entirely  to  clot.  In  such  cases  the  adilition  of  tissue  extracts 
may  cause  chitting  within  a  few  minutes,  as  in  the  case  of  the  bird's 
blood.  The  substance  or  substances  in  the  tissues  which  exhibit 
this  accelerating  influence  upon  clotting  have  received  various  names 
from  difTerent  observers  in  accordance  with  the  special  theory  of 
coagulation  advocated.  They  have  been  called  zymoplastic  sub- 
Btances,  thromboplastic  substances,  coagidins,  cytozyms,  thrombo- 
kinase,  etc.  It  is  perhaps  most  convenient  to  speak  of  them  in 
general  as  thromboplastic  substances,  since  this  term  does  not  com- 
mit us  to  the  marmer  of  their  action,  but  simply  implies  that  they 
are  of  impt)rtance  in  the  formation  of  the  clot. 

Theory  of  Coagulation. — Modern  theories  of  coagulation,  with 
)me  exceptions  (Wooklridge,  Nolf),  accept  as  their  starting-point 
Je  fact  that  fibrin  is  formed  eventually  by  the  action  of  thrombin 
upon  fibrinogen.    The  various  theories  proposed  differ  from  one 
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anotluT  liirgply  in  their  pxplanation  of  lltf  orij;;tri  of  the  thrombin 
and  of  t\w  parts  taken  by  ihi*  t-alfium  ami  tho  thromlwplastic 
substances  in  the  process  of  elottinj;.  The  simplest  of  these 
theories  assumes  that  the  prothrombin  in  the  bloo<l  arises  from  the 
leuc'ocyti's  and  bliMwl-pUlfs  and  is  activat«'»l  to  thrombin  by  the 
caleium.  the  thrombin  tlien  reacting  with  the  fibrinogen.  The 
theory  which  seems  to  hv  most  generally  aceepted  at  present  is 
that  proposed  independently  by  Morawitz*  and  by  Fuld  and  Spiro.t 
Using  the  ierminotoRy  of  Morawitz,  this  theory  assumes  that  the 
thrombin  is  present  in  the  blood  in  an  inaelive  form  which  he 
designates  as  thrombopen.  To  convert  this  thromtH>Ken  to  throm- 
bin requires  the  action  Itoth  of  ealciuni  salUs  and  of  an  organic 
thromi>oplastic  substance  which  he  desiRnates  as  a  kinase  or 
thrombokinase.  Thrombokinivsr  is  furnished  by  the  tissue-cells  in 
Keneral,  esi)ecially  by  those  rich  in  nuclein,  and  is  furnished  also 
by  the  cellular  element.s  of  the  blootl.  In  the  circulating  blood 
calcium  salts  and  thrombogen  arn  present,  but  no  kinase.  When 
the  blood  is  shed  the  disintegration  of  the  platelets  and  leucocj'tes, 
in  mammalian  bhxxf,  or  of  the  cells  of  the  wounde<l  tissues  in  the 
liloofl  of  the  lower  vertebrates,  lil>erates  thrombokinase,  which 
then,  in  combination  with  the  caleium,  oon\'erts  the  thrombogen 
to  thrombin.  Th(*  theory  may  be  expressctd  in  diagrammatic  form 
as  follows: 

Cclluhir  elemfints  ^-*  thromhokina.se 

ThrombokiiKise   *-  culciiint  +  thromhoKen  =  thrombin 

Thrttnibin   +  fibrinogen  —  finrln. 

The  theory  explains  very  well  many  of  the  most  significant 
facts  known  in  rcgarrl  to  clotting,  for  example,  the  fart  that 
caleium  salts  alone  will  not  clot  fibrinogen,  nor  lis.sue  extract« 
alone,  nor  ealciimi  sails  and  tissue  extracts  combiiuHl,  since  in 
such  cjusi's  the  throml>ogen  or  inactive  thnmibin  is  al>sent.  So 
also  the  plasma  of  j>eptonized  dog's  Idood  or  of  binl's  UliHni  will 
clot  readily  with  tis.sue  extra<'t»  which,  according  to  the  theory, 
contain  throml)okinas<*,  but  if  the  plasma  is  first  oxalated  to  remove 
the  calcium  then  the  tissue  extract  is  without  efTeet,  since  the 
thrombokinase  containe<l  in  it  cannot  activate  the  prothrombin 
in  the  abw^nce  of  calcium. 

In  i(.ri«;  i|iicnf.-  of  liis  own  Wf»rk  on  ihU  siibjcrt  the  Mithor  fiwfci  «orap<mid 
•■o  '  >\\  t«  I  he  (\wi  thnl  while  fhrthj-ory,  iw  fomHilatcrl  bv  Mnnwita. 

is  1'  in.ifitc'lorv,  it   jm  <|t<h<-ir-ni   exiHTimcnlally  in  ihiit    thr  M>-ca]Wa 

ihn.i.J.  ,ii  .  .r  hiwnol  Iw-t-n  isolnl^'d.iind.inun'ovpr,  the fiimlunienlal  point  ihM 
nn  '.r;;  Mil'  irii!u*f,  in  iwliiition  to  ih«^  oiiliMum,  is  npwwwn.'  to  th«'  activation  ti 
ihr  prui Jinmibin  hru*  not  n-jtlly  Im-^mi  >li>tnonF«l  raliNl.  \\\  of  thr  fiirt*  which  thin 
thoory  »!U»  ronHlnirf*'*!  in  (ii  nn-  (Mjiinlly  wll  «'xpliiin«il  without  thr  nrcnwitjr 

•  Mon»wit».  HoftnoiittfT'it  •H.'itrftue,"  A.  133,  1904,  and  "Afch.  f.  klia. 
Mrd  ."  70,  I. 

t  Fuld  and  t*pirc»,  " Mufmiiiitcr'H  lirilnnre,'*  S,  174.  1904. 


DiyiliziiJ  !j 


COAGULATION. 


453 


HemiminR  h  kinase  wh<?n  one  remcniberB  (bch?  below)  that  anlithromhin  is  a 
[noniiut  constituent  of  tin- manimuliiin  bliMKl,  iui<l  rapwially  of  tht^  bird's  hlool. 
On  the  theory  uf  Mumnitx  the  «rircuiiilinn  hltimJ  ront^iins  thriH'  of  the  four 
itial  farturti  <if  eutiKulutiua  (prolhri)mhiii,  calcium  suits,  atui  fibrinoReiij. 
|*r}iat  it  does  not  clot  is  ex|>hi.inc<i  by  ussuniiii^  t  hu(  u  kinu.sc  is  nctnioil  to  uid  the 
icsalciuin  in  converting  tlic  prothron»hiii  lo  thronrhiit,  uml  this  kimwe  is  fur- 
hnishcii  by  the  diBintegratiun  of  the  rorjnisr-li's  of  I  hi'  blooil  (pliites)  imd  by  the 
(sell»)  of  the  wounded  tidauen.  It  would  al!*<»  be  in  «<Tord  with  knosvn 
facts  to  explain  the  effect  of  the  subHiauce  fiirniahed  by  the  disintegration  of 
ftbe  <'or|)uscle»  of  the  blotKll  and  of  the  wounded  tissues  in  the  following  way. 
[Circulaiini;  bloo«l  contains  all  the  ess<-ntiat  fuetors  of  coagulation  (prothrombin, 
[culemnt,  and  hbriiiogen),  but  the  cateiuni  is  prevented  from  ai-fivaling  the 

t»n)throinbin   ttj   thrombin   by    the   [jriTienee  of  an   excess  of  antithnjmbin. 
\  hen  blood  isshe<l,  thedisiiiteuratiiiK  [datelets  (oreellMof  the  woumlejd  tissue), 
[furnish   a   thnjnibophtstie   substance    which    neutratiKea   the   antithrombin. 
['O>agulalion  then  takes  place  in  two  stttges:  First,  the  activation  of  prothrom- 
'>tn  to  thrombin  by  the  calciuiii;  second,  the  coDveraion  of  the  fibrinugen  to 
ibriu  by  the  thrombin. 

Why  Blood  Does  Not  Clot  Within  the  Blood-vessels.— Anti- 
thrombin.— Tht'  siHfifif  explanation  of  the  fluiility  of  tlio  bloml 
within  the  vessoLs  must  vary,  of  course,  with  the  theory  of  coagulu- 
tion  that  is  adopted.  In  general,  it  may  be  stated  with  confidence 
,that  the  circulating  I>lood  contains  no  active  thrombin,  or  at  lea-^t 
not  enough  to  clot  the  blood,  and  the  real  difficulty  we  have  to  ex- 
plain is  how  tlte  prothroinl)iu  is  kept  in  an  inactive  state  through- 
out Hfe.  According  to  Morawitz,  everjlhing  turns  on  the  fact 
that  thromlx)kina.se  i.s  absent.  If  the  rellular  «'leinents  disinte- 
Krate  in  the  circulation,  it  is  a  grailual  process  aiitl  does  not  occur 
en  niasse,  as  is  the  case  in  shed  blood.  This  explanation  is  satis- 
factory .so  far  as  it  goes,  but  it  does  not  account  very  well  for  the 
fact  that  large  amounts  of  tissue  extracts  may  be  injected  into  the 
circulation  without  causing  intravaseuiar  clotting.  It  woukl  seem, 
therefore,  quite  probable  that  some  other  factors  are  concerned 
in  maintaining  the  normal  fluidity  of  the  blood.  One  factor  that 
must  be  considered  is  the  presence  of  an  antithrombin.  It  has 
long  been  known  that  extracts  of  the  Un-ch's  heiid  yirld  a  st>luble 
protein  which  has,  to  a  marked  degree,  the  pro|)erty  of  prev<>nting 
the  clotting  of  blmxl.  This  substance  is  made  in  tjuantity  for 
fxperimental  work,  and  is  .sold  under  the  name  of  hirudin.*  It 
I  ban  been  shown  that  this  substance  prevents  thrombin  from  acting 
upon  fibrinogen,  and  in  this  sense,  therefore,  it  is  an  antithrombin. 
RCoreover,  the  incoagulability  of  the  blood  of  a  so-called  peptonized 
log  is  due  t^>  the  presence  in  the  itlood  of  the  same  or  of  a  .similar 
abetance,  which,  according  to  the  evidence  nt  hand,  is  s^'creted 

the  liver.  When  pe|)tnnized  plasma  is  added  to  a  mixture  of 
Ihrombin  and  fibrinogen,  the  normal  action  of  the  thrombin  is 
preventetl,  but  if  the  peptonized  plasma  is  first  heattnl  to  80*=*  and 
[filti»n^l  from  the  heat  coagulum  formed,  the  filtrat^e  no  longer  has 
•  Pnin«,  "Archiv.  f.  exper.  Path.  u.  Pharmak.."  49,  342,  1903. 
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a  restraining  influence  upon  the  action  of  thrombin.  Evidently 
the  so-cal!ed  peptonized  plasma  contains  a  something  which  an- 
tagonizes the  acton  of  tlirouiliin,  and  the  antagoni:stie  reaction  is 
of  a  quantitative  kind,  that  is  to  say,  a  fixed  amount  of  the  i>eptone 
plasma  will  antagonize  the  action  of  a  definite  amount  of  thrombin. 
This  .'jubstance  in  the  }>eptonized  plasma  Ijeluives  exactly  like  the 
hirudin  of  the  leech  extract,  and  it  is  probaliie,  therefore,  thai  it  is 
a  definite  antithrombln.  Moreover,  by  similar  (experiments  with 
the  ineoagulahle  plasma  of  the  iiird  or  with  the  oxalatetl  plasma  ol 
the  mammal  it  can  ho  shown  that  these  bloods  al.so  contain  anti- 
thrombin.  In  the  bird's  lilood  this  substance  is  present  in  largp 
amounts  than  in  the  mammalian  blood,  but  the  evi<lenee  at  hftn» 
indicates  that  circulating  blood  contains  constantly  some  ant 
thrombin  and  that  this  amount  may  be  increased  under  certaJ 
conditions,  for  example,  by  the  sudden  injeetion  of  solutions  ' 
Witte's  peptone  into  the  blood-vessels.  It  would  seem  probabi 
therefore,  that  the  normal  fluidity  of  the  blood  is  rlue,  in  part.,  at  lea:? 
to  the  presence  of  an  antithrombin  which  holds  the  prothromb; 
in  combination  and  prevents  its  activation  to  thrombin.  Regan 
ing  the  seat  of  formation  of  the  antithrombin,  there  is  not  mut 
exact  information.  DeleKenne,  Nolf,  and  others  have  publish^ 
experiments  which  indicate  that  it  is  formed  in  the  liver,  bi 
whether  or  not  other  tissues  may  participate  in  its  production  hj 
not  been  ascertained. 

Metathrombin. — In  the  serum  of  blood  after  clotting  read; 
formed  fibrin  f^xists,  but  it  has  been  stated  that  the  amount  of  th 
thromiiin  may  be  increased,  for  example,  by  adding  tissue  extrac 
to  the  serum.  On  this  account  it  has  been  inferred  that  the  a 
tivation  of  the  prothrombin  (or  thnrmbogen)  in  the  initial  stag 
of  clotting  floes  not  affect  the  whole  supply  of  this  substam 
present  in  the  blood,  and  that,  after  coagulation  is  complete 
both  thrombin  anrj  prothroml>in  are  found  in  the  serum.  Whetb 
or  not  this  conclusion  is  currpct,  it  has  been  shown  quite  concit 
sively  that  the  amount  of  thrombin  in  the  serum  diminishes  c 
standing,  more  rapidly  apparently  in  some  sera  than  in  others,  j 
that  in  an  old  serum  little  or  no  active  thrombin  may  be  foum 
Fuld  and  Spiro  and  also  Morawitz  have  shown  that  an  old  seru) 
may  be  restored  to  its  full  thromhic  power  if  it  is  treated  for 
short  perio<l  with  an  equal  volume  of  deeinormal  solution  of  alke 
or  acid,  ihf  mixture  lieing  afterward  brought  to  a  neutral  reaetioi 
This  result  is  explained  on  the  hypothesis  that  the  thrombin  passu 
on  standing  into  an  inactive  form,  designated  as  met(ithrombi\ 
which  is  capable  of  being  changed  to  active  thrombin  by  the  aetic 
of  alkalies  or  acids. 

Intravascular  Clotting. — As  is  well  known,  clots  may  fon 
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within  the  blood-vessels  in  consequence  of  the  introduction  of  for- 
eign material  of  any  kind.  Air,  for  instance,  that  has  gotten  into 
the  veins,  if  not  absorbed,  may  act  as  a  foreign  substance  and 
cause  the  same  chain  of  events  as  when  the  blood  is  shed, — namely, 
the  disintegration  of  formed  elements,  formation  of  thrombin,  and 
clotting.  So  also  when  the  internal  coat  of  a  blcjod-vcsscl  is  in- 
jured, as,  for  instance,  by  a  ligature,  the  altered  endothelial  cells 
act  as  a  foreign  substance.  If  the  circulatory  comlitions  are  favor- 
able— for  instance,  if  the  ligated  artery  causes  a  stasis  of  blood  at 
that  point — there  may  be  an  agglutination  of  the  lilood  plates, 
starting  at  the  injured  surface,  and  the  subsequent  formation  of  a 
clot.  Intravascular  clotting  may  also  be  produced  by  the  injection 
of  other  substances.  Calcium  solutiuns  added  in  quantity  sufficient 
to  notably  raise  the  calcium  percentage  of  the  plasma  distinctly 
favor  the  process  of  clotting  and  may  lead  to  the  formation  of 
intravascular  clots.  So,  too.  injections  of  thrombin  or  of  leucocytes 
as  obtained  from  macerated  IjTnph  glands  may  cause  clotting.  In 
this  latter  case,  however,  it  has  been  noticed  that  if  the  quantity 
injectetl  is  not  sufficient  to  cause  intravascular  clotting,  the  coagu- 
labiUty  of  the  blood  may  be  distinctly  retarded  in.stead  of  l)eing 
accelerated.  This  retardation  in  the  time  of  coagulation  has  been 
descxibed  under  the  designation  "  the  negative  phase  of  the  in- 
jection." A  number  of  different  explanations  have  been  given  for 
this  phenomenon,  but  in  the  light  of  the  results  stated  in  the  last 
paragraph,  it  seems  most  probahk-  that  we  have  to  deal  here  with 
a  reaction  similar  to  that  caused  by  the  injection  of  Witte's  f>eptone, 
that  is  to  say,  an  augmented  production  of  antithrombin,  whereby 
the  body  protects  itself  from  the  dangers  of  intravascular  clotting. 

Means  of  Hastening  or  of  Retarding  Coagulation. — Blood 
coagulates  normally  within  a  few  minutes,  but  the  process  may  I>e 
hastened  by  increasing  the  extent  of  foreign  surface  with  which  it 
comes  in  contact.  Thus,  agitating  the  liquid  when  in  quantity,  or 
the  apphcation  of  a  sponge  or  a  handkerchief  to  a  wound,  hastena 
the  onset  of  clotting.  This  is  easily  understood  when  it  is  remem- 
bered that  the  breaking  down  of  leucocytes  and  lilootl-plates  is 
hastened  by  contact  with  foreign  surfaces.  It  has  been  proposed 
also  to  hasten  clotting  in  case  of  hemorrhage  by  the  use  of  throm- 
bin solutions  L>r  of  tissue  extracts  containing  some  thromboki- 
Hot  sponges  or  cloths  applied  to  a  wound  hasten  clotting. 

>bably  by  accelerating  the  formation  of  thrombin  and  the 
chemical  changes  of  clotting.  Coagulation  may  be  retarded  or 
be  prevented  altogether  by  a  variety  of  means,  of  which  the 
following  are  the  most  important: 

1.  By  Cooling. — This  method  succeeds  well  only  in  blood  that 
clots  alowly — for  example,    the  blood   of   the   horse,   bird,   or 
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terrapin.     Blood  from  these  animals  rereived  into  narrow  vesssels 
purroundec!  by  crushed  ice  may  he  kept  fluid  for  an  indefinite 
time.     The  hlooil  corimscles  soon  sink,  so  that  by  this  nieuns 
one  may  rearlily  obtain  pure  blood-jilasnia.    The  cooling  prohahly 
prevents  clotting  hy  keeping  the  cor]iuseles  intact. 

2.   B>i  the  Action  of  yeittral  Siiltn. — Blood  received  at  ouce 
from  the  blood-vessels  into  a  solution  of  such  neutral  salts  as 
sodium  sulphate  or  magnesium  sulphate,  and  well  mixed,  does 
not  clot.     In  this  case  alsii  the  corpuscles  settle  slowly,  or  they 
may  he  centrifugalized,  and  specimens  of  plasma  be  obtaine<i' 
For  this  purpiose  horses'  or  cats'  blood  is  to  be  preferred.     8ucth 
plasma  is  known  as  "salted  plasma";  it  is  frequently  use<l    i-*^ 
experiments  in  coagulation — for  example,  in  testing  the  effifa<r  v 
of  a  given  thrombin  solution.     The  best  salt  to  use  is  magnesiu  *"* 
sulphate  in  solutions  of  27  per  cent.:  1  part  by  volume  of  th. 
solution  is  usually  mixed  with  4  parts  of  blood;  if  cats'  blood  »■'* 
used,  a  smaller  amount  may  be  taken — 1  part  of  the  s(5luti<m  t  -^ 
1>   of   blotid.     Salted   i)lasma   or   salted   blood    again   clots  whf^^ 
flilutcd  sufficiently  with   watrr  or  when  thrombin  solutions  ar^^ 
added  to  it,     Since  the  action  of  thrombin  on  fibrinogen  is  no^^ 
prevented  by  neutral   salts  in  these  concentrations,  while  an 
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lated  plasma  which  clots  readily  on  the  addition  of  calcium  >^^ 
prevented  from  so   clotting  when  sodium   chlorid  or  mapnesiunu-^ 
sulphate  is  added  previously  to  a  concentration  of  4  or  .')  jut  rent., 
it  follow's  that  in  all  probability  the  neutral  salts  exert  a  restraining 
effect  on  the  pnicess  of  clotting  because  they  prevent  or  retard  the 
activation  of  the  prothrombin  by  the  calcium. 

3.  By  the  Aciion  of  Oxalate  Sohtiions. — If  blood  as  it  flows  from 
the  vessels  is  mixed  with  solutions  of  potassium  or  sotliuni  oxalate 
in  proixjrtion  sufficient  to  make  a  total  strength  of  0.1  per  cent. 
or  more  of  these  salts,  coagulation  is  prevented  entirely.  Ad' 
dition  of  an  excess  of  water  does  not  produce  clotting  in  this  eaae, 
but  solutions  of  some  soluble  calcium  salt  ipiickly  start  the  process. 
The  explanation  of  the  action  of  the  oxalate  solutions  is  simple: 
they  are  supposed  to  precipitate  the  calcium  as  insoluble  calcium 
oxalate. 

4.  By  the  Action  of  Sodium  Fluorid. — Blood  drawn  directly  into 
a  solution  of  sodium  fluoritl  does  not  clot.  Addition  of  thrombin 
to  this  fluorid  blood  causes  clotting,  while  calcium  salts  are 
usually  stated  to  be  without  effect.  As  a  matter  of  fact,  calcium 
salts  cause  u  precipitate  of  a  portion  of  the  protein,  and  if  adtled 
cautiously  in  excess  they  induce  clotting,  as  in  the  cjise  of  the 
oxalateil  blood.  The  fluorid  plasma  may  be  made  to  clot  also 
by  dialysis.  We  may  believe  that  the  fluorid,  like  the  oxalate, 
•prevent^^  clotting  by  removing  the  calcium.     The  calcium  is  not 
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recipitatcd,  but  is  held  hound  as  a  fiuorid  ia  combination  with 
ortion  of  thr  protein  (Rcitgor). 
5.  By  the  Injection  of  Certain  Orgnnic  Substnitccs. — There  are  & 
number  of  substances  which  when  injecte*!  intfj  the  l)looti  retard 
or  prevent  its  coagulation.  For  instance,  .Sfilutiona  of  ordinary 
iprejjuratinns  of  pe|)sin,  tnpsin,  peptone,  snake  venom.  leech 
extracts,  etc.  Snake  venom  may  he  wonderfully  potent  in  this 
particular;  it  is  stated  that  so  little  as  O.fXXK)!  gm.  to  each  kilogram 
of  animal  suffices  to  destroy  the  coagulahilit^-  of  the  Filood.  Of 
these  various  bodies  sohitious  of  pejitone  have  received  the  most 
attention  from  mvestigators.  Peptone,  as  usually  obtained  by 
digestion  experiments,  is  in  renlity  a  mixture  of  prot  osc.s  and 
peptones.    "WTien  injected  into  the  circulation  in  the  proportion  of 

.3  gm.  to  each  kilogram  of  animal  the  coagulability  of  the  hlmid  is 

er^'  greatly  diminished  for  a  brief  period  of  half  an  hour  or  more. 
When,  however,  such  .solutions  are  ailded  tu  freshly  drawn  blood 
they  exercise  no  influence  up>ou  the  coagulation.  Evidently, 
therefore,  when  injectwl  into  tlie  blood  they  provoke  a  reaction  of 
some  sort,  the  products  of  which  prevent  coagulation.  As  stated 
in  the  preceding  paragraphs,  the  blood  of  the  j>eptonized  animal 
ows  upon  examination  tho  pre.sence  of  an  increased  amount  of 
antithrombin,  and  tioulitless  the  loss  or  diminution  in  the  coagu- 
lability of  the  blood  is  due  to  the  excess  of  this  sul)stance.  We  may 
lieve,  therefore,  that  the  peptone  soluti<»n  has  in  some  way,  di- 

dly  or  indirectly,  stimulate^!  the  body  to  produce  antithrom!)in. 
Pick  and  Spiro*  have  shown  that  this  action  of  peptone  solutions  is 
not  due  to  the  peptone  or  the  albumoses  contained  in  it.  When 
obtained  in  purified  form  these  substances  have  no  such  effect. 
They  attribute  the  action  to  a  substance,  ilerived  probal>ly  from 
the  tissues  u.sed  in  the  preparation  of  the  |>eptone,  and  for  which 
they  suggest  the  name  of  pepto^ym. 

In  obtaining  ao-oatl«l  peptone  plasma  hy  inipt'tinpc  solutions  of  Witte's 

pUinp,  of  the  atri^nKt  h  named,  into  the  arleTicH  of  a  <U>a  it  hiippfiu*  soniei  inifle 

t  a  negative  reeuit  ia  obtained.     Some  apet-lrufas  ol  Wittc'e  peinoric   are 

'ccti\-c  and  some  are  not.     This  fart  accordn  with  the  rraulta  of  the  invrati- 

inade  by  Pick  and  Spiro  in  indiratinR  that  the  reaction  is  not  due  lo  the 

CB  or  proteoses,  but  to  some  unknown  constituent  present  which  may  be 

led  (u  an  impurity. 

Leech  extracts  differ  from  solutions  containing  peptozjm  in 
that  they  prevent  the  clotting  of  the  blood  when  added  to  it  out^ 
'de  the  Ixxiy.  They  evidently  contain  already  formed  a  substance 
hose  action  prevents  coagulation.  This  substance  is  secreted  by 
the  salivary  glands  of  the  loecli.  It  has  l>epn  prepared  from  the 
glands  in  a  more  or  less  pure  form,  and  is  designated  as  hirudin. 
It  is  a  body  l)elonging  apparently  to  the  groups  of  albumoses  and 
'  "Zeitechrift  f.  physiol.  Cheniie,"  31,  23.5,  1900. 
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is  supposed  to  antagonize  the  action  of  thrombin.  As  stated  above^ 
hirudin  is  probably  identical  with  or  similar  to  the  antithrombin 
which  occurs  normally  in  circulating  blood. 

Total  Quantity  of  Blood  in  the  Body. — The  total  quantity  of 
blood  in  the  body  has  been  determined  approximately  for  man 
and  a  number  of  the  lower  animals.  The  method  (Welcker) 
used  in  such  determinations  consists  essentially  in  first  bleeding 
the  animal  as  thoroughly  as  possible  and  weighing  the  quantity 
of  blood  thus  obtained,  and  afterward  washing  out  the  blood- 
vessels with  water  and  estimating  the  amount  of  hemoglobin 
in  the  washings. 

Gr^hant  ("Journal  de  I'Anat.  et  de  Phvsiol.,"  1882,  564)  has  devised  an- 
other method  wliich  mav  be  used  upon  the  living  animal,  as  follows :  A 
specimen  of  blood  is  taken  from  the  animal  and  the  volume  per  cent.  oS 
oxygen  is  determined  by  extraction  with  a  gas-pump.  The  ammal  is  then 
made  to  breathe  a  known  volume  of  carbon  monoxid  for  a  certain  time,  and 
the  total  amount  of  this  carbon  monoxid  that  is  absorbed  is  ascertained  by 
analysis.  A  second  specimen  of  blood  is  then  taken  and  its  volimie  per  cent. 
in  oxygen  is  again  determined.  The  difference  between  this  volume  per  cent. 
of  oxygen  and  that  obtained  before  the  administration  of  the  carbon  monoxid 
gives  the  volume  per  cent,  of  carbon  monoxid  in  the  blood,  since  the  latter 
gas  displaces  an  eaual  volume  of  oxygen.  If  the  total  amount  of  carbon 
monoxid  absorbed  by  the  blood  is  indicated  by  V  and  the  volimie  per  cent., 
that  is,  the  number  of  c.c.  to  each  100  c.c.  of  blood,  is  indicated  by  v,  then  the 

y 
total  quantity  of  the  blood  will  be  given  by  the  formula  —  X  ICQ. 

The  average  results  obtained  from  numerous  experiments  are 
as  follows:  The  ratio  of  weight  of  blood  to  weight  of  body  is,  in  the 
dog,  7.7  per  cent.;  rabbit  and  cat,  5  per  cent.;  birds,  10  per  cent. 
On  man  we  have  uf>on  record  two  determinations  on  guillotined 
criminals  made  by  Bischoff,  which  gave  7.7  and  7.2  per  cent. 
Haldane  and  Smith.*  however,  have  devised  a  modification  of 
Gr^hant's  carbon  monoxid  method,  which  they  have  applied  to 
living  men.  The  results  of  some  74  experiments  gave  them  an 
average  value  of  only  5  per  cent,  for  man.  The  distribution  of 
this  blood  in  the  tissues  of  the  body  at  any  time  has  been  esti- 
mated by  Hanke.t  from  experiments  on  freshly  killed  rabbits,  as 
follows : 

Spleen 0.23  pw  cent. 

Bnun  and  cord 1.24    " 

Kidneys 1.63   " 

Skin 2.10   " 

Intestines 6.30   " 

Bon« 8.24   " 

Heart,  lungs,  and  great  blood-vessels 22.76   " 

Resting  muscles 29.20   " 

Liver 29.30   " 

*  Haldane  and  Smith.  "Journal  of  Physiology,"  1900,  xzv.,  331;  ako 
Zunu  and  PIctMch,    ■  Hiochemische  Zeitschrift,"  1908,  47. 

t  Taken  from  Vierordt's  "  Anatomische,  pbysiologiacbe,  und  phyiiHliicho 
IHten  und  TabeUen."  J^-na.  1893. 
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^^B  It  will  be  seen  from  inspection  of  this  table  that  in  the  rabbit  the 

^V  blood  of  the  body  is  distributed  at  any  one  time  about  as  follows: 

One-fourth  to  the  heart,  lungs,  and  great  blood-vessels;  one-fourth 

to  the  liver:  one-fourth  to  the  resting  muscles;  and  one-fourth  to  the 

remaining  organs. 

Regeneration   of   the    Blood   after  Hemorrhage. — A   large 

portion  of  the  entire  quantity  of  blood  in  tlie  body  may  be  lost 

suddenly  by  hemorrha^  without  producing  a  fatal  result.    The 

K    extent  of  hemorrhage  that  may  be  recovered  from  safely  has  been 

^H    investigated  upon  a  number  of  animals.     Although  the  results 
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^^^^L^^  Bk    188. — ^To  ehow  the  effect  of  hemorrhnge  upon  the  number  of  red 
^^^^■■HB^pwi  the  amount  of  hemoglobin. — (Dawon.)     Tlie  urditiAte»  pxfire 
^^^^^BwBSnM  and  alan  the  peroeiitaKe<i  of  hemoKlobin  an  <ttBt«d  in  the  Hki 
^^V^MlSlcbBas  give  the  da.vN  after  hemoirhaKe.     The  experiment  was  i»a<l< 
^^^r   &I  kstua.     The  hemnrrhafie,  which  Inited  2.3  minute.'^,  wh.4  equal  to  4.3  i 
^^V    faoHy-'WMcht.     An  equal  amount  of  physioloKical  saline  (NaCl,  0.8  |>er  oen 
^^    faaiMdiataly. 

show  more  or  less  individual  variation,  it  may  be  said  t 
a  hemorrhage  of  from  2  to  3  per  cent,  of  the  body-we 
^H    covered  from  easily,  while  a  loss  of  4.5  per  cent.,  mor 
the  entire  blood,  will  probably  prove  fatal.     In  cats  a 
of  from  2  to  3  per  cent,  of  the  body-weight  is  not  usiia 
by  a  fatal  result.    Just  what  percentage  of  loss  may  be  h 
human  being  has  not  been  determined,  but  it  is  prob 
healthy  individual  may  recover  without  serious  difficul 
lofls  of  a  quantity  of  blood  amounting  to  as  much  as  3 

•Frederic,  "Travaux  du  Laboratoire"   (Univerait6  de  Li 
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the  body-weight.  It  is  known  that  if  liquids  that  arc  isotonic  to 
the  blood,  such  as  physiological  saline  (NaCl,  0.7  to  0.9  per  cent.) 
or  Ringers  solution.  ai"e  injected  into  the  veins  immediately  after 
a  severe  hemorrhage,  recover}'  is  more  certain;  in  fact,  it  is 
possible  by  this  means  to  restore  persons  after  a  hemorrhage  that 
would  otherwise  have  been  fatal.  By  an  infusion  of  this  kind, 
particularly  if  at  or  somewhat  above  the  body  temperature,  the 
heart  Ijeat  is  increased,  the  volume  of  the  circulating  liquid  is 
brought  to  an  amount  sufficient  to  maintain  appro.vimately  noruial 
conditions  of  pressure  and  velocity,  and  the  red  corpuscles  that  still 
remain  are  kept  in  more  rapitl  circulation  and  are  thus  utilized  more 
completely  as  oxygen  carriers.  If  a  hemorrhage  has  not  been  fatal, 
experiments  on  lower  animals  show  that  tlie  plasma  of  the  blood  ia 
regenerated  with  .some  rapiilitx',  the  blood  regaining  its  normal  vol- 
tmic  within  a  few  hours  in  slight  hemorrhages,  and  in  from  twenty- 
four  to  forty-eight  liours  if  the  l(»ss  nf  btood  has  been  severe;  but 
the  number  of  red  corpu.scles  ami  the  hemoglobin  are  restored 
more  .slowly,  getting  back  to  noriTial  only  after  a  nunibrr  of  days  or 
after  several  weeks.  The  accompanying  curves  illustrate  the  results 
of  a  severe  liemorrhage  (4.3  per  cent,  of  the  body-weight)  followed 
by  transfusion  of  an  etjual  \'olunie  of  phvsinlogical  saline.  So  far 
as  the  red  corpuscles  and  the  amount  of  hemoglobin  are  concerned, 
it  will  be  noticed  that  the  large  sudden  fall  from  the  hemorrhage, 
first  day,  i.M  followed  by  a  slower  drop  in  both  factors  during  the 
gi'f.ond  and  third  cliiy.s.  Thi.s  lu.tter  plu'nomi'non  constitutes  what 
Is  known  Jk-^  tlie  jHistluMuorrhagic  fall.* 

Blood-transfusion.— Shortly  after  the  discover>'  of  the  circu- 
lation of  the  bl(M>d  (Harvey.  1628),  the  operation  was  introduced 
of  transfusing  blood  from  one  individual  to  another  or  from  some 
of  the  lower  animals  to  man.  Extravagant  hopes  were  held  as  to 
the  value  of  such  transfusion  not  only  as  a  means  of  replacing  the 
blcKid  lost  by  hemorrhage,  but  also  as  a  cure  for  various  infimuties 
and  diseases.  Then  ami  subsecjuently  fatal  as  well  as  successful 
results  followetl  the  operation.  So  far  as  the  u.se  of  the  blood  of 
another  animal  is  concerned,  it  is  now  known  to  be  a  dangi-rous 
undertaking,  mainly  for  two  reasons:  first,  the  strange  blood, 
whether  transfusetl  directly  or  after  defibrination,  is  liable  to  con- 
tain a  quantity  of  thrombin  sufficient ,  perhajw,  to  cause  intravas- 
cular clotting;  second,  the  s<Tum  of  one  animal  may  be  toxic  to 
another  or  cause  a  destruction  of  ita  blood  corpuscles.  Owing 
U>  this  hemolytic  and  toxic  action,  which  has  previously  been 
referre<l  to  (p.  415).  the  injection  of  foreign  blood  is  likely  to  be 
directly  injurious  instead  of  beneficial.  In  human  surgery  modem 
technic  (Carrel)  has  overcome  some  of  thr  difficulties  formerly 
*  DawBon,  ".Vmcrican  Journal  of  Pti>iiiolofcy, "  4,  I,  1900. 
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encountered  in  the  transfusion  of  blood  from  one  human  being  to 
another.  Anastomoses  may  be  made  between  the  blood-vessels  of 
the  "  donor  "  and  the  "  recipient,"  so  that  the  blood  passes  from 
one  to  the  other  without  coming  into  contact  with  a  foreign  sur- 
face and,  therefore,  without  danger  of  coagulation  or  the  formation 
of  thrombin.  In  cases  of  loss  of  blood  from  severe  hemorrhage  it 
is  far  simpler  and  usually  quite  sufficient  to  inject  a  neutral  liquid, 
such  as  the  so-called  "  physiological  salt  solution  " — ^a  solution 
of  sodium  chlorid  of  such  a  strength  (0.7  to  0.9)  as  will  suffice  to 
prevent  hemolysis  of  the  red  corpuscles. 
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CHAPTER  XXIV. 

GOHPOSinON  AND  FORMATION  OF  LYHFK. 

Lymph  is  a  colorless  liquid  found  in  the  lymph- vessels  as  well 
as  in  the  extravascular  spaces  of  the  body.  All  the  tissue  elements, 
in  fact,  may  be  regarded  as  being  bathed  in  lymph.  To  understand 
its  occurrence  in  the  body  one  has  only  to  bear  in  mind  its  method 
of  origin  from  the  blood.  Throughout  the  entire  body  there  is  a 
rich  supply  of  blood-vessels  penetrating  every  tissue  with  the  ex- 
ception of  the  epidermis  and  some  epidermal  structures,  as  the  nails 
and  the  hair.  The  plasma  of  the  blood,  by  the  action  of  physical  or 
chemical  processes,  the  details  of  which  are  not  yet  entirely  imder- 
stood,  makes  its  way  through  the  thin  walls  of  the  capillaries,  and  is 
thus  brought  into  immediate  contact  with  the  tissues,  to  which  it 
brings  the  nourishment  and  oxygen  of  the  blood  and  from  which  it 
removes  the  waste  products  of  metabolism.  This  extravascular 
lymph  is  collected  into  small  capillary  spaces  which  in  turn  open  into 
definite  lymphatic  vessels.  It  is  still  a  qu^tion  among  the  his- 
tologists  whether  the  lymph- vessels  form  a  closed  system  or  are  in 
direct  anatomical  connection  with  the  tissue  spaces.  Modem 
work*  supports  the  view  that  the  lymph  capillaries  are  closed 
vessels  similar  in  structure  to  the  blood  capillaries.  They  end 
in  the  tissues  generally,  but  are  not  in  open  communication  with 
the  spaces  between  the  cellular  elements  or  with  the  larger  serous 
cavities  between  the  folds  of  the  peritoneum,  pleura,  etc.,  or 
with  the  spaces  between  the  meningeal  membranes  surrounding 
the  central  nervous  system.  From  tlie  physiological  standpoint, 
however,  the  liquid  in  these  latter  cavities,  the  cerebrospinal 
liquid  and  the  liquid  bathing  the  tissue  elements,  must  be 
regarded  as  a  part  of  the  general  supply  of  lymph  and  as  being 
in  communication  with  the  liquid  contained  in  the  lymph- 
vessels.  That  is  to  say,  the  water  and  the  dissolved  substances 
contained  in  the  tissue  spaces  interchange  more  or  less  freely 
with  the  lymph  pr()i)er  found  in  the  formed  lymph-vessels.  The 
lymph-vessels  unite  to  form  larger  and  larger  trunks,  making 
eventually  one  main  trunk,  the  thoracic  or  left  lymphatic  duct, 

•Spo  Sabin,  "American  Journal  of  Anatomy,"  1,  367,  1902,  and  3,  183, 
1904-  aim  "rfn*"™'  *"*'  Special  Anatomy  of  the  Lympliatics, "  from  Poirier 
•nd  (liarpy,  t'rHn»«lated  by  Leaf,  1904. 
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and  a  second  smaller  right  lymphatic  duct,  which  open  into  the 
blood-vessels,  each  on  its  own  side,  at  the  junction  of  the  sub- 
clavian and  internal  jugular  veins.  While  the  supply  of  lymph 
in  the  lymph-vessels  may  be  considered  as  being  derived  ulti- 
mately entirely  from  the  blood-plasma,  it  is  well  to  bear  in  mind 
that  at  any  given  moment  this  supply  may  be  altered  hj'  direct 
interchange  with  the  plasma  on  one  side  and  the  extravascular 
lymph    permeating   the    tissue    elements    on    the   other.     The 
^intravascular   lymph    may    be   augmented,  for  example,  by  a 
Vflow  of  water  from  the  blood-plasma  into  the  lymph-spaces,  and 
thence  into  the  lymph-vessels,  or  by  a  How  from  the  tissue 
elements  into  the  lymph-spaces  that  surround  them.    The  lymph 
movement  is  from  tlie  tissues  to  the  veins,  and  the  flow  is  main- 
tained chiefly  by  the  difference  in  pressure  between  the  lymph 
at  its  origin  in  the  tissues  and  in  the  large  lymphatic  vessels. 
The  continual  formation  of  lymph  in  the  tissues  leads  to  the 
development  of  a  relatively  high  pressure  in  the  lymph  capil- 
laries, and  as  a  result  of  this  the  lymph  is  forced  toward  the 
point  of  lowest  pressure — ^natnely,  the  points  of  junction  of  the 
^  large  lymph-ducts  with  the  venous  system.     A  brief  discu-^sion 
^■t)f  the  factors  concerned  in  the  movement  of  lymph  will  be  found 
^nn  the  section  on  Circulation.     As  would  be  inferred  from  its 
^Porigin,  the  composition  of  the  intravascular  lymph  is  essentially 
the  same  as  that  of  blood-plasma.     It  contains  the  three  blood 
proteins,  the  extractives  (urea,  fat,  lecithin,  cholosteriii,  sugar), 
[»nd  inorganic  salts.     The  salts  are  found  in  the  same  proportions 
(as  in  the  plasma;  the  proteins  are  less  in  amount,  espocially  the 
[fibrinogen.     Lymph  coagulates,  but  does  so   more  slowly  and 
fless  firmly  than  the  blood.     Hi.stologic'ally,  lymph  consi.sts  of  a 
j[Colorle5S  liquid  containing  a  number  of  leucocytes,  and  after 
leals  a  number  of  minute  fat  droplets;  red  blood  corpuscles 
:cur   only  accidentally,  and    blood-plates,  according  to  most 
?count3,  are   likewise  normally   absent.     The  composition  of 
le  exudative  liquids  of  the  body,  such  as  the  pericardial  liquid, 
synovial  liquid,  the  aqueous  humor,  the  cerebrospinal  liquid, 
to.,  which  are  sometimes  classed  under  the  general  term  lymph, 
vary  greatly;  thus,  tlie  cerebrospinal  liquid  possesses  no 
)bological  elements,  contains  no  fibrinogen,  and,  therefore, 
loes  not  clot,  and,  indeed,  has  only  minute  traces  of  protein  of 
'any  kind. 

Formation  of  Lymph. — The  careful  researches  of  Ludwig  and 

his  pupils  were  formerly  believed  to  prove  that  the  lymph  is  derived 

, directly  from  the  plasma  of  the  blood  mainly  by  filtration  through 

Ihe  capillary  walls.    Emphasis  was  laid  on  the  undoubtefl  fact  that 

'the  blood  within  the  capillaries  is  under  a  pressure  higher  than  that 


D1gitizsd"b7 


G*lle 


464  BLOOD    AND    LYMPH. 

prevailing  in  the  tissues  outside,  and  it  was  supposed  that  this  excess 
of  pressure  b  sufficient  to  squeeze  the  plasma  of  the  blood  through 
the  ver>*  thin  capillar>'  walls.  Various  conditions  that  alter  the 
pressure  of  the  blood  were  shown  to  influence  the  amomit  of  lymph 
foi-med  in  accordance  with  the  demands  of  a  theory  of  filtration. 
Moreover,  the  composition  of  lymph  as  usually  given  seems  to  sup- 
port such  a  theor>',  inasmuch  as  the  inoi;ganic  salts  contained  in  it 
are  in  the  same  concentration,  approximately,  as  in  blood-plasma, 
while  the  proteins  are  in  less  concentration,  following  the  well- 
known  law  that  in  the  filtration  of  colloids  through  animal  mem- 
branes the  filtrate  is  more  dilute  than  the  original  solution.  This 
simple  and  apparently  satisfactory'  theory  has  been  subjected  to 
critical  examination  within  recent  years,  and  it  has  been  shown  that 
filtration  alone  does  not  suffice  to  explain  the  composition  of  the 
lymph  imder  all  circumstances.  At  present  two  divergent  views 
are  held  upon  the  subject.  According  to  some  physiolc^sts,  all 
the  facts  known  with  r^:ard  to  the  composition  of  lymph  may  be 
satisfactorily  explained  if  we  suppose  that  this  liquid  is  formed 
from  bloo<l-plasma  by  the  combined  action  of  the  physical  processes 
of  filtration,  diffusion,  and  osmosis.  According  to  others,  it  is 
lielieveil  that,  in  addition  to  filtration  and  diffusion,  it  is  necessary 
to  assume  an  active  secretor>'  process  on  the  part  of  the  endothe- 
lial cells  composing  the  capillar)-  walls.  The  actual  condition  of  our 
knowleilge  of  the  subject  can  be  presented  most  easily  by  briefly 
stating  si>nie  of  the  ohjit'tions  that  have  l)een  raised  by  Heidenhain* 
to  ft  pure  filtration-and-<Uffusion  theor\',  and  indicating  how  these 
objections  have  lieen  met. 

1 .  Hcidenhain  showed  by  simple  calculations  that  an  impossible 
formation  of  lymph  wiuiKl  be  required,  upon  the  filtration  theorj-, 
to  suppl>'  the  cluMuical  neetls  of  the  organs  in  various  oi^ganic  and  in- 
organic ronstitucnt;>.  Thus,  to  take  an  illustration  that  has  been 
much  «hscus4!tHl.  one  kilojrram  of  i-ows*  milk  contains  1.7  gms.  CaO 
anvl  the  entin»  milk  of  twenty-four  hours  would  contain,  in  round 
numU^rs.  -l2.o  gms.  CaO.  Since  the  lymph  contains  normally 
aUnit  O.IS  {virt  oi  I  aO  |vr  thousand,  it  would  require  236  liters  of 
1\  niph  i^er  vLny  to  supply  the  nocessar\-  Cal.>  to  the  mammar>'  glands, 
iloivlonhain  himsi»lf  sui^^restj*  that  the  ilitficulty  in  this  case  may  be 
ir.ot  by  :v5sumiui:  active  diffusion  prx.H'vssses  in  coimection  with 
tiltnition.  It.  for  instanrt\  in  the  case  cite^l.  we  suppose  that  the 
ial<i  .in  of  the  lymph  is  ^luiokly  oombineil  by  the  tissues  of  the  mam- 
ir.ary  til.v.id.  thfii  tlu*  tliffusion  tension  of  calcium  salts  in  the  tissue 
w.ll  U-  ktpt  at  /«'rv>.  .-inil  an  .-ictive  diffusion  of  calcium  into  the 
I\  mph  w.ll  vvi  ur  -*»  louc  as  the  eland  is  .-^.vn'ting.  In  other  words, 
:-..  ci.md  «".i  n-\t  :\.'  its  I'alcium  by  much  the  same  process  as  it 
•     Vr-i'.u  •■    \u'  <»-!<.ttnm!o  Ph\T«kilo<ie.""  49.  209.  1891. 
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ives  its  oxygen,  and  wil!  get  its  daily  supply  from  a  compara- 
ly  smal]  bulk  of  lyiiii)h.  Strictly  speaking,  therefore,  the 
difficulty  we  are  dealing  with  here  shows  only  the  insufficiency  of  a 
pure  filtration  theorj'.  It  seems  possible  that  filtration  and 
diffusion  together  would  suffice  to  supply  the  organs,  so  far  at 
least  as  the  diffusible  substances  are  concerned. 

2,  Heideiiiiain  found  that  occlusion  of  the  inferior  vena  cava 
causes  not  only  an  increase  in  the  flow  of  lymph — as  might  be  ex- 
pected, on  the  filtration  theory,  from  the  consequent  rise  of  pressure 
in  the  capillary  regions — but  also  an  increased  concentration  in  the 
percentage  of  protein  in  the  lymph.  This  latter  fact  has  been 
satisfactorily  explained  by  the  experiments  of  Starling.*  Accord- 
ing to  this  observer,  the  lymph  forme<l  in  the  liver  is  normally  more 
concentrated  than  that  of  the  rest  of  the  body.  The  occlusioi.  of 
the  vena  cava  causes  a  marked  rise  in  the  capillary  pressure  in  the 
liver,  and  most  of  the  incroiised  lymph-flow  under  these  circum- 
stances comes  from  the  liver;  hence  the  greater  concentration. 
The  results  of  this  experiment,  therefore,  do  not  antagonize  the 
filtration-anfl-difFusion  theory. 

3,  Heidenliain  discovered  that  extracts  of  various  substances, 
which  he  designated  as  "  lyinphagogues  of  the  first  class,"  cause  a 
marked  increase  in  the  flow  of  lymph  from  the  thoracic  duct,  the 
lymph  being  more  concentrated  than  norma,!,  and  the  increased  flow 
continuing  for«a  long  period.  Nevertheless,  these  substances  cause 
little,  if  any,  increase  in  general  arterial  pressure;  in  fact,  if  injected 
in  sufficient  quantity  they  produce  usually  a  fall  of  arterial  pressure. 
The  substances  belonging  to  this  class  comprise  such  things  as  pep- 
tone, egg-albumin,  extracts  of  liver  and  intestine,  and  especially 
extracts  of  the  muscles  of  crabs,  crayfish,  mussels,  and  leeches. 

idenhain  supposed  that  these  extracts  contain  an  organic 
itance  which  acts  as  a  specific  stimulus  to  the  endothelial  celb 

f  the  capillaries  and  increases  their  secretory'  action.  The  results 
of  the  action  of  these  substances  has  been  differently  explained  by 
those  who  are  unwilling  to  believe  in  the  secretion  theory.    Starling  f 

nds  experimentally  that  the  increased  flow  of  Ij-mph  in  this  case,  as 
after  obstruction  of  the  vena  cava,  comes  mainly  from  the  liver. 
There  is  at  the  same  time  in  the  portal  area  an  increased  pressure 
that  may  account  in  part  for  the  grt^ater  flow  of  lymph;  but,  since 
thiii  effect  upon  the  jx)rtal  pre.ssure  lasts  but  a  short  time,  while 
the  greater  flow  of  lymph  may  continue  for  one  or  two  hours,  it  is 
olmous  that  this  factor  alone  does  not  suffice  to  explain  the  result 
of  the  injections.  Starling  suggests,  therefore,  that  these  extracts 
art  p:itholf)gically  upon  the  Ijlood  capillaries,  particularly  those  of 

•  "Journal  of  Plivsiology, "  16,  234,  1894. 
t  Ibid.,  17,  30,  1894. 
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the  liver,  and  render  them  more  permeable,  so  that  a  greater 
quantity  of  concentrated  lymph  flows  through  them.     Starling^'s 
explanation  is  supported  by  the  experiments  of  Popoff.*    Accordiiig 
to  this  observer,  if  the  lymph  is  collected  simultaneously  from  the 
lower  portion  of  the  thoraric  duct,  which  conveys  the  lymph  from 
the  abdominal  organs,  and  from  the  upper  part,  which  contains  the 
lymph  from  the  head,   neck,   etc.,   it  is  found  that  injection  of 
peptone  increases  the  flow  only  from  the  abdominal  organs.     Popoff 
finds  also  that  the  peptone  causes  a  dilatation  in  the  intestiiuJ 
circulation  and  a  marked  rise  in  the  portal  pressure.     At  the  same 
time  there  is  some  evidence  of  injury  to  the  walls  of  the  blood- 
vessels from  the  occurrence  of  extravasations  in  the  intestine.    As 
far,  therefore,  as  the  action  of  the  lymphagogues  of  the  first  class  is 
concerneil,  it  may  be  said  that  the  advocates  of  the  fdtration-and- 
diffusjon  theory  have  suggested  a  plausible  explanation  in  accord 
with   their  theory.     The  facts  emphasized  by   Heidenliain  witb 
regard  to  this  class  of  substances  do  not  compel  us  to  assume  & 
secretory  function  for  the  endothelial  cells. 

4.  Injection  of  certain  crystalline  substances — such  as  sugaTi 
sodium  chlorid  and  other  neutral  salts — causes  a  marked  increa*^| 
in  the  flow  of  lymph  from  the  thoracic  duct.     The  lymph  in  the©^ 
cases  is  more  dilute  than  normal,  and  the  blood-plasma  also  beeome^^ 
more  water\'',  thus  indicating  that  the  increase  in  water  comes  frort* 
the  tissues  themselves.     Heidenhain  designated  these  bodies  a^ 
"lymphagogues  of  the   second  class."     His  explanation  of    thei** 
action  is  that  the  cry-stalloid  materials  introduced  into  the  blood  ar^ 
eliminated  b}'  the  secretory  activity  of  the  endothelial  cells,  and  thafr 
they  then  attract  water  from  the  tissue  liquid,  thus  augmenting 
the  fluw  uf  lymph.     These  substances  cause  but  little  change  in 
arterial  blood- pressure;  hence  Heidenhain  thought  that  the  greater 
flow  of  lympli  can   not  be  explained    by  an   increased  filtration. 
Starling f  has  shown,  however,  that,  although  these  bodies  may  not 
seriously  alter  general  arterial  pressure,  they  may  greatly  augment 
intracapillar>'  pre.ssure,  particularly  in  the  abdominal  organs.     His 
explanation  of  the  greater  flow  of  hinph  in  these  cases  is  as  follows: 
"On  their  injection  into  the  blood  the  osmotic  pressure  of  the  circu- 
lating fluid  is  largely  increased.     In  consequence  of  this  increase 
water  is  attracted  from  lymph  and  tissues  into  the  blood  by  a  process 
of  osmosis,  until  the  osmotic  pressure  of  the  circulating  fluid  is 
restored  to  normal,     A  condition  of  hydremic  plethora  is  thereby 
produced,  attended  with  a  rise  of  pressure  in  the  capillaries  generally, 
especially  in  those  of  the  abdominal  viscera.     This  rise  of  pressure 
wUl  be  proportional  to  the  increase  in  the  volume  of  the  blood,  and 

•  "Contralblatt  f,  Phyeiologie, "  9,  No.  2,  1895. 
t  Loc.  cit. 
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S^fore  to  the  osmotic  pressure  of  the  sohitions  injected.  The 
of  capillar}'  pressure  causes  great  increase  in  the  transudation 
fluid  from  the  capillaries,  and  therefore  in  the  lymph-flow  from 
*the  thoracic  duct."  This  explanation  is  well  supported  by  experi- 
ments, and  seems  to  obviate  the  necessity  of  assuming  a  secretory 
action  on  the  part  of  the  capillary  walls. 

5.  Numerous  other  experiments  have  been  devised  by  Heidenhaia 
and  his  followers  to  show  that  the  physical  laws  of  filtration,  diffu- 
sion, and  osmosis  do  not  suffice  to  exphiiii  the  production  of  lymph; 
but  in  all  these  ca.sea  possible  explanations  have  been  suggested 
■pn  terms  of  the  physical  laws,  so  that  it  may  be  said  that  the 
^H^ts  do  not  compel  us  to  assume  a  secretory  activity  on  the 
^HpKll  of  the  endothelial  cells  of  the  capillaries.     Asher*  and  his 
^^to-^rkers  have  brought  forward  many  facts  to  show  that  the  lymph 
is  controlled  as  to  its  amuimt  Uy  the  activity  of  the  tissue  elements 
and  may  be  considered  as  a  product  of  tlie  activity  of  the  tissues,  as 
a  secretion,  in  fact,  of  the  working  cells.     When  the  saJivarj-  glands, 
the  liver,  etc.,  are  in  greater  functional  acti%ity  the  flow  of  lymph 
from  them  is  increased  beyond  doubt,  so  that  the  activity  of  the 
organs  does  influence  most  markedly  the  production  of  lymph. 
Most  physiologists,  however,  prefer  to  explain  this  relationship  ou 

■the  view  suggested  by  Koranyi,  Starling,  and  others, — namely,  that 
in  the  metabolic  changes  of  functional  activity  the  large  molecules 
of  protein,  fat,  etc.,  are  broken  down  to  a  number  of  fiimpler  ones, 
the  number  of  particles  in  solution  is  increased  and  therefore  the 
osmotic   pressure  is   increased.     According  to   most  observers 
^^he  molecular  concentration  of  the  lymph  in  the  thoracic  duct, 
^Mnd,  therefore,  the  osmotic  pressure,  is  greater  than  that  of  the 
^nlood.     Thus    Bntazzi,t  in    one   experiment,    reports    that  the 
^flowering  of  the  freezing-point  of  the  blooil-seruni  was  A  =0.595° 
C.,  while  that  of  the  lymph  from  the  thoracic  duct  of  the  same 
limal  was    A  =  f^-f>l5*  C.     Back  in  the  tissues,  where  phys- 
)logical  oxidations  are  going  on,  this  difference  is  probably 
jr,  and  greater  in  proportion  to  the  activity  of  the  tissues. 
can  imderstand  that  in  this  way  functional  activity  of  an 
rgan  may  result  in  attracting  more  water  from  the  blood-capil- 
ries  into  the  tissue  spaces  and  may  thus  cause  an  augmented 
of  lymph.     The  liquid  of  the  tissues  may  be  drained  ofif 
not  only  through  the  lymph-\-esseIs  hut  also  through  the  blood- 
vessels.    That  liquids  injected  directly  into  the  tissues  or  special 
substances  dissolved  in  such  liquitls  may  be  absorbed  directly 
by  the  blood  has  long  been  known.     Magendie,  for  example, 

•  "ZcHachrift  f.  Biolo<?ic."  vols.  xx.\vi-xl.  1897  to  1900. 

t  Quoted   from    Ma^us,    "Handbuch  dcr  Biocheraie."    1908,    vol.   ii.' 

^ '  Digrtizerl'bv 


a 


468  BliOOD    AND    LYMPH. 

proved  that  when  a  poison  was  injected  into  an  organ  which 
was  connected  with  the  rest  of  the  body  only  by  its  blood-vess«jIa, 
the  animal  quickly  showed  the  symptoms  of  a  corresponding 
intoxication.  Ordinary  hypodermic  injections  are  absorbed 
much  more  quickly  into  the  general  circulation  than  would  be 
the  case  if  they  were  obliged  to  traverse  the  lymph-vessels  and 
enter  the  blood  through  the  thoracic  duct.  Meltzer  has  shown 
that  this  absorption  by  the  blood  from  the  tissue  spaces  takes 
place  with  especial  promptness  if  the  injection  is  made  into  a 
mass  of  muscular  tissue. 

The  liquid  in  the  extravascular  tissue  spaces  b,  in  fact,  sul)- 
ject  to  a  play  of  influences  from  several  sides,  and  it  is  the  bal- 
ance among  these  competing  influences  which  determines  at  any 
time  the  amount  and  composition  of  this  tissue  lymph.  Thus, 
the  supply  of  this  liquid  is  furnished,  on  the  one  hand,  by  water 
and  dissolved  substances  coming  to  it  from  the  blood  in  the 
capillaries,  on  the  other  hand,  by  water  and  dissolved  substances 
derived  from  the  great  reservoir  contained  in  the  tissue  cells. 
The  amount  of  the  tissue  lymph  is  continually  depleted  on  the 
other  side  by  water  and  dissolved  substances  passing  back  into 
the  capillaries,  or  into  the  tissue  elements,  or,  finally,  into  the 
lymph  capillaries.  The  amount  that  passes  by  this  latter  route 
varies  greatly  in  the  different  tissues,  and  in  the  same  tissue 
may  be  influenced  greatly  by  pathological  as  well  as  normal 
changes  in  conditions. 

Stunmary  of  the  Factors  Controlling  the  Flow  of  Lymph. — 
We  may  adopt,  provisionally  at  lo:ist,  the  so-called  mechanical 
theory  <»f  the  origin  of  lymph.  rpc»n  this  theory  the  forces  in 
activity  are,  first,  the  intracapillary  pressure  tending  to  filter 
tlio  phisma  througli  the  endothelial  cells  composing  the  walls 
of  the  ca])ilhiries;  soroiid,  the  force  of  diffusion  depending  upon 
the  ino<|uaIity  in  cheiiiical  comp(»sition  of  the  blood-plasma  and 
the  licjuid  outsidt^  the  capillaries,  or,  on  the  other  side,  between 
this  hitter  liquid  and  tlic  contents  of  the  tissue  elements;  third, 
the  force  of  osint)tic  prcs.sure.  which  varies  with  the  molecular 
oonctMitrati(»n.  These  three  forces  acting  everywhere  control 
priuKirily  tl»e  amount  and  composition  of  the  lymph;  hut  still 
another  factor  must  he  considered;  for  when  we  come  to  examine 
the  flow  of  lymph  in  different  parts  of  the  body  striking  differ- 
ences arc  found.  It  has  been  shown,  for  instance,  that  in  the 
limbs,  under  normal  conditions,  the  flow  is  extremely  scanty, 
while  from  the  liver  and  tlio  intestinal  area  it  is  relatively 
ah!iii.l:iiit.  In  tact,  the  lymph  «»f  the  thoracic  duct  may  be 
coii<i,lt>red  ;i<  l»eiiii:  derivcil  almost  entirely  from  the  latter  two 
rt^pi»>ns.     Mitreover.  the  lymph  from  the  liver  is  characterited  by 
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iter  percentage  of  proteins.    To  account  for  these  tlifferences 
ling  suggests  the  plausible  explanation  of  a  variation  in  permea^ 
)ility  in  the  capillan*  walls.     The  capillaries  seem  to  have  a  similar 
'etTucture  all  over  the  )x)dy  so  far  as  this  is  revealed  to  us  by  the 
microscope,  but  the  fact  that  the  lymph-flow  varies  so  much  in 
qviantity  and  comjxtsition  indicates  that  the  similarity  is  only 
superficial,  and  that  in  different  organs  the  capillan-  walls  may 
have  different  internal  stnictures,  and  therefore  different  permea- 
bilities.    This  factor  is  evidently  one  of   great  importance.    The 
idea  that  the  permeability  of  the  capillaries  may  vary  under  <lif- 
ferent  conditions  has  long  been  used  in  patholog\'  to  explain  the 
production  of  that  excess  of  Ij'mph  which  gives  rise  to  the  condition 
of  dropsy  or  edema.     The  theories  and  ex|j(!rinients  noade  in  con- 
[;i»ection  with  tliis  pathological  condition  have,  in  fact,  a  direct  bearing 
ipon  the  theories  of  lymph  fonuation.*     Under  nonnal  conditions 
the  lymph  is  drained  off  as  it  is  formed,  whiJe  under  pathological 
conditions  it  may  accumulate  in  the  tissues  owing  either  to  an 
excessive  formation  of  lymph  or  to  some  interruption  in  its  circu- 
Jfttion. 

The  scanty  flow  of  lymph  fnmi  the  Hmbs  has  been  referred 

»y  Magnusf  to  another  possiltlc  cause,  namely,  to  the  great 

Capacity  of  the  musrular  ti.ssue  to  imbibe  water  (and  salts). 

jAccording  to  this  author  the  tissues,  particularly  the  muscular 

xes,  constitute  great  reservoirs  in  which  excess  of  water  and 

may  l>e  stored.     If,  for  example,  a  hypotonic  solution  of 

odium   chloride  is  injcctetl   into  the   circulation,  most   of  the 

'^ater  addeil  will  be  removed  from  the  circulation  by  imbibition 

into  the  nmscular  tissues.     In  the  Hmbs,  with  their  large  supply 

^Kof  muscular  tissue,  it  may  he  that  lymph  is  formetl  as  elsewhere 

^brom  the  blood  plasma,  but  it  is  held  back  from  the  lymph-vessels 

^Hb3'  absorption  into  the  muscular  ma.ss. 

^B       From  the  foregoing  considerations  it  is  evident  that  changes 
^Pu)  capillary  pressure,  however  pniduceil,  may  alter  tlie  flow  of 
hinph  from   the   lilood-vessels   to  the  tissues,  by  increasing  or 
^<iecreaaing,  as  the  case  may  be,  the  amount  of  filtration;  changes  in 
^■the  composition  of  the  blood,  such  as  follow  ]>eriods  of  digestion, 
^Krill  cause  diffusion  and  osmotic  streams  tending  to  equalize  the 
^Promposition  of  bloml  and  lymph;  and  changes  in  the  tissues  them- 
selves following  upon  physiological   or  pathological  activity  will 
also  disturb  the  e<iuilibrium  of  composition,  and,  therefor^  set  up 
iliffusion  and  osmotic  currents.     In  this  way  a  continual  interchange 
taking  place  by  means  of  which  the  nutrition  of  the  tls.sues  is 

Coiunilt    Meltzer,     "Edema"    ("Harringlon     Lectures"),    "American 
inc,"  8,  Nfw.  1,  2,  -i.  and  5,  1904. 
im.  Loc  cU. 
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effected,  each  according  to  its  needs.  The  details  of  this  i 
must  of  necessity  be  veiy  complex  when  we  conader  the 
of  local  effects  in  different  parts  of  the  body.  The  toti 
general  changes,  such  as  may  be  produced  experimt 
simpler,  and,  as  we  have  seen,  are  explained  satisfacto 
physical  and  chemical  factors  enumerated. 
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The  heart  and  the  blood-veasels  form  a  closed  vascular  system 
eontaining  a  certain  amount  of  blood.  This  blood  is  kept  in  endless 
circulation  mainJy  by  the  force  of  the  muscular  contractions  of  the 
heart.  But  the  bed  through  which  it  flows  varies  greatly  in  width 
at  different  parts  of  the  circuit,  and  the  resistance  offered  to  the 
moving  blood  is  ver>'  much  greater  in  the  capillaries  than  in  the 
large  vessels.  It  follows  from  the  irregidarities  in  size  of  the  chan- 
nels through  which  it  flows  that  the  Itlood-stream  is  not  uniform  in 
character  throughout  the  entire  circuit;  indeed,  just  the  opposite  is 
true.  From  point  to  point  in  the  branching  system  of  vessels  the 
blood  varies  in  regard  to  its  velocity,  its  head  of  pressure,  etc. 
These  variations  are  connected  in  part  with  the  fixed  structure  of  the 
system  and  in  part  are  depenticnt  ujMin  the  changing  pro|)ertie3  of 
tlie  U\'ing  matter  of  which  the  system  is  composed.  It  is  con- 
venient to  consider  the  subject  under  three  general  heads:  (1) 
The  purely  physical  factors  of  the  circulation, — that  is,  the  me- 
chanics and  hydrodynamics  of  the  flow  of  a  definite  quantity  of 
blood  through  a  set  of  fixed  tulles  of  varying  caliber  under  certain 
fixed  conditions.  (2)  The  general  physiology  of  the  iieart  and  the 
blood-vessels, — that  is,  mainly  the  special  properties  of  the  heart 
muscle  and  the  plain  muscle  of  the  blood-vessels.  (3)  The  innerva- 
tion of  the  heart  and  the  blood-vessels, — that  is.  the  variations  in 
the  circulation  produced  by  the  action  of  the  nervous  system. 


CHAPTER  XXV. 


THE  VELOCITY  AND  PRESSURE  OF  THE  BLOOD-FLOV. 

The  Circulation  as  Seen  Under  the  Microscope. — It  is  a 
comparatively  easy  matter  to  arrange  a  thin  membrane  in  a  living 
animal  so  that  the  flowing  blood  may  be  observed  with  the  aid  of  a 
microscope.  For  such  a  purpose  one  generally  em[>loys  the  web 
between  the  toes  of  a  frog,  or  better  still  the  mesentery,  lungs,  or 
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bladder  of    the  same  animal.     With  a  good   preparation   many 
important  peculiarities  in  the  blood-flow  may  be  observed  directly. 
If  the  field  is  proi^erly  chosen  one  may  see  at  the  same  time  the  flow   . 
in  arteries,  capillaries,  and  A'eins.     It  wll  be  noticed  that  in  the 
arteries  the  flow  is  very  rapid  and  somewhat  intermittent, — that  is, 
there  is  a  slight  acceleration  of  velocity,  a  pidse,  with  each  heart 
beat.     In  the  capillaries,  on  the  contrary,  the  flow  is  relatively  veiy 
slow;  the  change  from  the  nishing  arterial  stream  t^)  the  delilier- 
ate    current   in    the   capjllaries   takes    place,   indeed,   with  some 
snddeimess.     The  capillary  flow,  as  a  rule,  shows  no  pulses  com-    i 
spending  with  the  heart  beats,  but  it  may  lie  more  or  less  irregular, 
— that  is,  the  flow  may  nearly  cease  at  times  in  some  capillaries, 
while  again  it  maintains  a  constant  flow.     In  the  veins  the  flow 
increases  markedly  in    rapidit}',  and  indeed  it   may  be  observed 
that,  the  larger  the  vein,  the  more  rapid  is  the  flow.    There  is  not, 
however,  as  a  rule,  any  indication  of  an  intennittence  or  pulse  w 
this  flow, — the  velocity  is  entirely  unifonii.     In  both  arteries  a.J^^ 
veins  it  will  be  noticed  that  the  red  corpuscles  form  a  solid  colurc*° 
or  core  in  the  middle  of  the  vessel,  and  tliat  between  them  and  tl** 
inner  wall  there  is  a  layer  of  plasma  containing  only,  under  norni^ 
conditions,  an  occasional  leucocyte.     The  accumulation  of  co* 
puscles  in  the  middle  of  the  stream  makes  what  is  known  as  tY^* 
axitil  stream,  while  the  clear  layer  of  plasma  is  designated  as  tl>* 
inert  layer.     The  phenomenon  is  readily  explained  by   physic* 
causes.     As  the  blood  flows  rapidly  through  the  small  vessels  th^ 
layers  nearer  the  wall  are  slowed  by  adhesion,  so  that  the  greatest 
velocity  is  attained  in  the  middle  or  axis  of  the  vessel.     The  cor- 
puscles, being  heavier  than  the  plasma,  are  drawn  into  this  rapid! 
part  of  the  current.     It  has  been  shown  by  physical  experiinenta 
that,  when  particles  of  different  specific  gravities  are  present  in  m 
liquid  flowing  rapidly  through  tubes,  the  heavier  particles  will  ba 
found  in  the  axis  and  the  lighter  ones  toward  the  jjeripher)'.     In 
accordance  with  this  fact,  leucocytes,  which  are  lighter  than  tha 
ret!  corpuscles,  may  Ije  found  in  the  inert  layer.     When  the  con- 
ditions  become   slightly   abnormal    (incipient  inflammation)    the 
leucocytes  increase  in  number  in  the  inert  layer  sometimes  to  a 
ver\'  great  extent,  owing  apparently'  to  some  alteration  in  the 
endothelial  walls  whereby  the  leucocytes  are  rendered  more  ad- 
hesive.   The  agglutination  of  the  leucocytes  and  their  migration 
through  the  walls  into  the  surrounding  tissues  are  descriljed  in 
works  nn   Pathology. 

The  Velocity  of  the  Blood-flow. — The  microscopical  ol)ser\-a- 
tions  described  above  show  that  the  velocity  of  the  bloo<l-current 
varies  widely,  being  rapid  in  the  arteries  and  veins  and  slow  in  the 
capillaries.  To  aseertjiin  the  actual  velocity  in  the  larger  vessela 
And  the  variations  in  vessels  of  dvfleTewl  «i\icfi  experimental  de- 
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inations  are  necessan'.  While  the  general  principle  involved 
these  detemiinations  is  simple,  their  actual  execution  in  an 
cfjeriment  is  attended  with 
me  difficulties,  and  various 
devices  have  been  adopted. 
The  most  direct  method  per- 
haps is  that  used  in  the  in- 
strument devised  bj'  Ludwig, — 
inely,  the  slromuhr.  The  prin- 
ple  used  is  to  cut  an  art«ry 
or  vein  of  a  known  size  and  ile- 
rmine  how  much  blood  flows 
t  in  a  given  time.  We  may 
efine  the  velocity  of  the  blood 
at  any  point  as  the  length  of 
the  column  of  blood  flowing  by 
that  point  in  a  second.  If  we 
cut  the  arten-  there  a  cylindri- 
cal column  of  liloo<l  of  a  defi- 
nit«i  length  and  with  a  cross-area 
equal  to  that  of  the  lumen  of 
/the  arten.'  will  flow  out  in  a 
ond.  The  volume  of  the 
itflow  can  l>e  determined  di- 
ctly  by  catching  the  blond. 
lOwing  this  volume  and  the 
area  of  the  arter^',  we  ran 
tennine  the  length  of  t!ie 
column — that  is,  the  velocity 
the  flow — since  in  a  cylintler 
volume,  V,  is  ecjual  to  the 
act  of  the  length  into  the 
cro8s-area. 


prod 


V  —  length  X  cro«»-are»,  or 
V 
leiig:th 


cro88-area 


Fig.  187. — Lmlwig'H  stromuhr:  a  and  b. 
The  glass  bullis:  n  is  iillcKi  «.-i()i  ail  to  tb« 
mark  (!>  e.c),  whilp  bnn-i  the  neck  arc  filled 
with  Milt  Nolutinn  nr  clefibritiateil  blotxl;  p. 
■  he  niiivnble  plate  by  tneatii.i  oF  nhich  tne 
bulbn  may  be  lunieil  thmiit^li  180  iJegr«M, 
c,  c,  for  the  oannulas  iniserUnl  iiitn  the  artery} 
«.  the  thitiDb  «cr«w  ri>r  turning  the  bulba; 
h,  the  holder.  When  in  plure  tbo  oUuap* 
on  Che  arteries  ar«  reinoveii,  blood  flows 
thruuxh  c  into  n,  driving  out  the  oil  and 
forciiin  the  nalt  M-ilution  in  b  into  the  head 
end  of  the  artery  lliniuah  c".  When  the 
blrtrMl  enterini;  'i  rnBche)!  IM  mark,  Iho  bulb- 
are  turned  through  180  decrees  mt  that  b  Uea 
over  e.  The  blood  flows  into  b  anri  driv«* 
the  oil  back  into  a.  When  it  jUAt  fills  thia 
bulb,  tbey  are  again  rotated  throuxii  180 
deKreeii.  and  an  on.  The  oil  is  driven  out  of 
and  into  a  a  given  number  of  times,  each 
movement  being  equal  to  an  outflow  of  6  o.o. 
of  blood.  When  tbe  instrument  haji  been 
turned,  eay.  ten  times,  50  e.e.  of  bliKHl  have 
flowed  out.  Knowing  the  tin^e  and  tbe 
calib«r  of  the  artery,  the  calculation  is  made 
as  dpHcribed  in  the  text.  Several  mndifi- 
i-atiunH  of  the  form  of  this  in»(njmviit  liave 
been  devised. 


We  cannot,  of  course,  make 
16  experiment   in  this  simple 

upon  a  living  animal;    the 

of  so  much  blood  woukl  at 
M*  change  the  physical  and  physiological  condition.*?  of  the  rircula- 
in.  and  would  give  us  a  set  of  coiidition8  at  the  end  of  the  exp)eri- 

•  A  modification  by  Tigerstedt  is  de-scribwd  in  tlii>  "HkaLnilinavischcs 
iv  f.  Physiol., ■•  3,  152,  ISWl.  One  by  Uurton-Upitz  iii  the  ".\rch.  f.  d. 
rbyootogie,"  121,  151,  IWS. 
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ment  different  from  those  at  the  beginning.  By  means  of  the 
stromuhr,  however,  this  experiment  can  be  made,  with  this  important 
variation,  that  the  blood  that  flows  from  the  central  end  of  the  cut 
artery  is  returned  to  the  peripheral  end  of  the  same  artery,  so  that 
the  circulation  is  not  blocked  nor  deprived  of  its  normal  volume  of 
liquid.  The  instrument,  as  is  explained  in  the  l^end  of  Fig.  187, 
measures  the  volume  of  blood  that  flows  out  of  the  cut  end  of  an 
artery  in  a  definite  time.    The  calculation  for  velocity  is  made  as 

follows:  Suppose  that  the  capacity 
of  the  bulb  is  5  c.c,  and  that  in  the 
experiment  it  has  been  £dled  10 
times  in  50  seconds, — i.  e.,  the  bulbs 
have  been  reversed  10  times;  then 
obviously  10  X  5  or  50  c.c.  have 
flowed  out  of  the  arteiy  in  this 
time,  or  1  c.c.  in  1  second.  The 
diameter  of  the  vessel  can  be  meas- 
ured, and  if  foimd  equal,  say,  to  2 
mms.,  then  its  cross-area  is  xr*  « 
3.15  X  1  »  3.15.  Since  1  c.c.  equals 
1000  c.mm.,  the  length  of  our  cyl- 
inder of  blood  would  be  ^ven  by 
the  quotient  of  l^jg-  •-  317  mms. 
So  that  the  blood  in  this  case  was 
moving  with  the  velocity  of  317 
nuns,  per  second.  Another  instru- 
ment that  has  been  employed  for 
the  same  purpose  is  the  dromograph 
or  hemodromograph  of  Chauveau. 
This  instniment  is  represented  in 
the  accompanying  figure  (Fig.  188). 
A  rigid  tube  (p-c)  is  placed  in  the 
course  of  the  arter>'  to  be  examined. 
This  tulie  is  provided  with  an  offset 
(a)  the  opening  of  which  is  closed 
with  rubber  dam  (m).  The  rubber 
dam  is  pierced  by  a  needle  the  lower 
end  of  which  terminates  in  a  small 
plate  lying  in  the  tul)e  (pi).  When  the  instniment  is  in  place  and 
the  bloocl  is  allowed  to  stream  tlirough  the  tube,  it  deflects  the 
needle,  which  turns  on  its  insertion  through  the  rubber  as  a  ful- 
crum. The  angle  of  deflection  of  the  free  end  of  the  needle  may 
l^  nieju^tired  directly  upon  a  scale  or  it  may  be  transmitted 
through  tanilK)urs  and  reconled  upon  a  kymographion.  The  in- 
strument must    "f  course,  l)e  graduated  by  passing  through  it  eur 


\l 


> 


Fit.  1*8. — Ohauveau'shemodromo- 
grmph  (after  Langendorff).  The  tube, 
p-e,  is  plaoed  in  the  courw  of  an  ar- 
tery, the  blood  after  removal  of  clampa 
flowing  in  the  direction  nhown  by  the 
arrow.  The  current  xtrilces  the  plate, 
pi,  and  force*  it  to  an  angle  varyinc 
with  the  velocity.  The  movement  of 
pi  ia  transmitted  throuih  the  stem,  n, 
which  movra  in  a  nibhfr  membrane 
an  a  fulcrum,  m.  Tlie  anitular  move- 
ment of  the  pn>jectinK  end  of  n  may 
be  mnuure<{  ilirrctlv  or  may  be  made 
to  act  upon  a  tambour,  a.<<  shown  in 
the  fixurr,  and  thu!<  be  transmitted  to 
»  ncording  drum. 
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rents  of  known  velocity,  so  that  the  angle  of  deflection  may  be 
expressed  in  terms  of  absolute  velocities.  It  possesses  the  great 
advantage  over  the  stroniuhr  that  it  gives  not  simply  the  average 
velocity  during  a  given  time,  but  also  the  variations  in  velocity 
coincident  with  the  heart  beat  or  other  changes  that  may  occur 
duiing  the  period  of  observation. 

Efforts  have  been  made  to  de\-iae  a  method  for  the  determination  of  the 
velocity  of  the  blood-flow  in  the  arteries  of  maii.  The  method  used,  liowever, 
depen<is  upon  certain  aaeumptions  that  are  not  entirely  certain  and  the  re- 
sults obtained,  therefore,  can  not  be  Uised  with  confidence.  The  principle  of 
the  method  consists*  in  detcnniuijig  the  volutne  of  the  arm  by  placing  it  in 
A  plethvBtnograph.  .\ssuming  that  the  outflow  from  the  veiria  is  constant  in 
the  part  of  the  arm  intk>sed,  then  the  varifttioni!  in  volume  of  the  ann  may 
be  referred  to  the  greater  inflow  of  blood  into  this  part  through  the  art-eries. 
The  curve  showing  the  variations  in  volume  may,  therefore,  under  proper 
conditions,  be  interpreted  in  term*  of  velocity  changes. 

Mean  Velocity  of  the  Blood-flow  in  tlie  Arteries,  Veins,  and 
Capillaries. — .Actual  determinations  of  the  average  velocity  in  the 
large  arteries  and  veins  give  such  results  as  the  following;  Carotid 
of  horse  (Volkmann),  300  mms.  per  second;  (Chauve^u)  297  mnis. 
Carotid  of  the  dog  (Vierordt),  260  mms. 

The  flow  in  the  carotid,  as  in  the  otlier  large  arteries,  is  not, 
however,  unifonn:  there  is  a  marked  acceleration  or  pulse  at  each 
systole  of  the  hejirt  during  wliich  the  velocity  is  greatly  augmented. 
Thus,  in  the  carotid  of  the  horse  it  has  been  shown  by  the  hemo- 
dromograph  that  during  the  systole  the  velocity  may  reach  520 
mma.  and  may  fall  to  150  mms.  during  the  dia-stole.  It  is  fountl,  also, 
that  this  difference  between  the  systolic  velot-ity  and  the  diastolic 
velocity  tends  to  disap[>ear  as  the  arteries  become  smaller,  and,  as 
was  said  above,  disappears  altogether  in  the  capillaries,  in  which 
the  pulse  caused  by  the  heart  l>eat  is  lacking.  The  smaller  the  artery, 
therefore,  the  more  uniform  is  the  movement  of  the  blood. 

The  flow  in  the  large  veins  is  uniform   or  approximately 

uaiform  and  increases  as  one  approaches  the  heart,  although  the 

velocity  in  the  large  veins  near  the  heart  is  soniewliat  slower 

than  in  the  large  arteries  of  the  same  region,  owing  to  the  fact 

that  the  total  area  of  the  venous  bed  is  larger  than  that  of  tlie 

arterial  bed.     Burton-Opitzf  gives  the  following  average  figures 

obtainetl  from  experiments  upon  anesthetized  dogs.     Jugular, 

147  rams.;  femoral,  6l.fi  mms.;  renal,  (i3  mms.;  mesenteric  vein, 

84.9  mms.     In  the  capitlarieH,  however,  the  velocity  is  relatively 

very  small.     From  direct  observations  made  by  means  of  the 

niicroscope  and  from  indirect  observations  in  the  case  of  man, 

the  capillary  velocity  is  estimated  as  lying  between  0.5  mm. 

And  0.9  mm.  per  sec. 

•  Von  Krics,  "  Archiv  f.  Physioloeie, "  1887.279;  nhoAhelee,  ibid.,  1892,22. 
t  Burt/jn-Opit2,   'Am.  Journal  of  Physiology/'  vols.  7and9,and  "Pflaeer's 
Archiv,"  vols.  123  and  124,  lOOS, 
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Viennrdt  reports  aome  interesting  caleuIationB  upon  the  vdoctty  of  the 
blood,  in  the  capillaries  of  his  own  e^^e.  Under  suitable  conditions,*  the 
movements  of  the  corpuscles  in  the  retina  may  be  perceived  in  eoneeguenee 
ol  the  shadows  that  they  throw  upon  the  rods  and  oones.  The  visual  unam 
thus  produced  may  be  projected  upon  a  surface  at  a  known  diftanee  from  Qw 
eye  and  the  q>aoe  traversed  in  a  given  time  mav  be  dbaerved.  The  distance 
actually  coverod  upon  the  retina  may  then  be  calculated  by  the  foDowiog  ooii> 
Btruction,  in  which  A-B  =  the  distance  traveled  by  the  projected  im«n; 
A-n,  the  distance  of  the  surface  from  the  eye;  and  ct-n,  toe  <fiiitance  of  ue 
retina  from  the  nodal  point 
of  the  eye.  We  have  then 
the    proportion  ab  :  €m  :: 

AB.An,  or  ab  =  "*^^^**- 

According  to  this  method, 
Vierotdt  calculated  that  the 
velocity  of  the  blood  in  the 
human  capillaries  is  equal  to 
about  0.6  to  0.9  mm.  per 
second. 


Fie.  180.— DUcnm  ol  tha  ays  to  allow  tha  aa»> 
stniotion  wed  to  dBtarmiaa  tha  aiaa  ol  taa  ratiaal 

that  the  average  velocity     «^^^.^.^^f*>»*>'*»^^*>i^^*'^«^' 


In  the  arteries,  more- 
over, it  may  be  observed 

iiTiagTt 

n,  Thenodml  point  ol  the  ay*.    Saa  twcU 

diminishes    the    farther 

one  goes  from  the  heart, — that  is,  the  smaller  the  artery ,- 
reaches  its  minimum  when  the  arteries  pass  into  the  capillaries. 
Thus,  Volkmann  reports  for  the  horse  the  following  jBguros:  CSa- 
rotid,  300  nuns. ;  maxillary,  232;  metatarsal,  56  nmus.  Tn  the  vdns 
also  the  same  fact  holds.  The  smaller  the  vein — ^that  is,  the  nearer 
it  is  to  the  capillary  region — the  smaller  is  its  velocity,  the  maxi- 


F1|(.  190.— Schematic  reprenentation  of  the  relative  valoeitiea  of  the  blood'^iifTaB*  hi 
different  twrts  of  the  vaacular  ayHtem:  a.  The  arterial  aide,  indicating  the  nhainaa  with 
each  heart  beat  and  the  fall  of  mean  velocity  as  the  arterial  liad  widana:  c  tha  oapiDanr 
reftion— the  icreat  diminution  in  velocity  oorreaponda  with  the  great  widMUBC  ol  the  bad: 
p.  the  venoiui  nide,  HhowinK  the  uradual  increaM  toward  the  heart,  and  upiaeeutad  aa 
entirrly  uniform,  sltliouKli,  a"  a  iiistter  of  fact,  the  velocity  in  the  large  vein*  i*  affected  ngr 
the  mpiimtifmii  and  to  a  lunall  extent  by  tlie  heart  beat,  owing  to  the  pheDomanoa  kmtmm 
a*  the  venouH  pulm  (p.  ."UiU). 

mum  velocity  being  found  in  the  vena  cava.  The  general  rda- 
tions  uf  the  velocity  of  the  blood  in  the  arteries,  capillaries,  and 
veins  may  be  expressed,  therefore,  by  a  curve  such  as  is  shown 
in  Fig.  190. 

*  "Archiv  f.  pliysiologiflche  Heilkimde,"  15,  255,  1856. 


Digitized  by 


Google 


VELOCITY    AND    I'llKSSURK    OK    BUJOD-KLOW, 


477 


i 


Explanation  of  the  Variations  in  Velocity. — The  general  rela- 
tionship between  the  velocities  in  the  lUfferent  parts  of  the  vascular 
system  is  explained  by  the  differenee  in  the  width  of  the  lied  in 
■which  the  blootl  flows.  In  the  systemic  circulation  the  main  stem. 
the  aorta, branches  into  arteries  which,  taken  indi\i<:lually,are  smaller 
and  smaller  as  we  approach  the  capillarity.  But  each  time  that 
an  artery  branches  the  sum  <tf  the  areas  of  the  two  branches  is 
greater  than  that  of  the  main  stem.  The  arterial  sj'stem  may  be 
comijared,  in  fact,  to  a  tree,  the  sum  of  the  cross-areas  of  all  the 
twigs  is  greater  than  that  of  the  main  trunk.  It  follows,  there- 
fore, that  the  blood  as  it  pas.ses  tf)  the  capillaries  flows  in  a  bed 
or  is  distributed  in  a  i)ed  which  becomes  wider  and  wider,  and  as  it 
returns  to  the  heart  in  the  veins  it  is  collected  into  a  bed  that  be- 
comes smaller  as  we  ajjproach  the  heart.  Vierordt  estimates  tlmt 
the  combined  calibers  of  all  the  capillaries  in  the  systemic  circula- 
tion would  make  a  tube  with  a  cross-area  about  HfK)  times  as  large  as 
the  aorta.  If  the  circulation  is  proceeding  umformly  it  follows 
that  for  any  given  unit  of  time  the  same  volume  of  blood  must 
pass  through  any  given  cross-section  of  the  system, — that  is,  at 
a  given  point  in  the  aorta  or  vena  cava  as  much  blood  nmst  flow 
by  in  a  second  a.s  passes  through  the  capillary  region — and  that 
consefjuently  where  the  cross-section  or  bed  is  widest  the  velocity 
is  correspondingly  diminished.  If  the  capillary  bed  is  800  times 
that  of  the  aorta,  then  the  velocity  in  the  capillaries  is  -5^  of  that 
in  the  aorta, — say,  j^  of  320  nims.  or  0.4  mm.  Just  as  a  stream 
of  water  flowing  under  a  constant  hand  reaches  its  greatest  velocity 
where  its  betl  is  narrowest  and  flows  more  slowly  where  the  bed 
widens  to  the  dimensions  of  a  pool  or  lake. 

Variations  in  Velocity  with  Changes  in  the  Heart-beat  or 
the  Size  of  the  Vessels. — While  the  above  statement  holds  true  as 
an  explanation  of  the  general  relation.slup  between  the  velocities  in 
the  arteries,  veins,  and  capillaries  at  any  given  moment,  the  absolute 
velocities  in  the  different  parts  of  the  s>'steni  will,  of  course,  vary 
whenever  any  of  the  comlitions  acting  upon  the  blood-flow  vary. 
In  the  large  arterie.s,  as  has  been  said,  there  are  extreme  fluctua- 
tions in  velocity  at  each  heart  beat;  but  if  we  consider  only  the 
average  velocities  it  may  be  said  that  these  will  vary  throughout 
the  system  with  the  force  and  rate  of  the  heart  beat,  or  with  the 
variations  in  size  of  the  small  arteries  anil  the  resulting  changes  in 
bloo<l-pre8Sure  in  the  arteries.  Marey*  gives  the  two  following 
laws:  (1)  Whatever  increases  or  diminishes  the  force  with  which 
the  blood  is  driven  fmm  the  heart  toward  the  peripherv-  will  cause 
the  velocity  of  the  blood  and  the  pressure  in  the  arteries  to  var>'  in 
the  same  sense.  (2)  Whatever  increases  or  diminishes  the  resis- 
tance oflfered  to  the  blood  in  passing  from  the  arteries  (to  the  veins) 

•"La  Cireulatton  du  Satig,"  Paris,  1881,  p.  321. 
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will  cause  the  veiocity  and  the  arterial  pressure  to  vary  in  an 
inverse  sense  as  regards  each  other.  That  is.  an  increased  re- 
Bistance  diminishes  the  velocity  in  the  arteries  while  increasing 
the  pressure,  and  rice  versa. 

The  Time  Necessary  for  a  Complete  Circulation  of  the 
Blood. — It  is  a  matter  of  interest  in  connection  with  many  physio- 
logical questions  to  have  an  approximate  idea  of  the  time  necessary 
for  the  blood  to  make  a  complete  circuit  of  the  vascular  system,— 
that  is,  starting  from  any  one  {xjint  to  determine  how  long  it  will 
take  for  a  particle  of  blood  to  arrive  again  at  the  same  spot.    In 
considering  such  a  qtiestion  it  must  be  borne  in  mind  that  many 
diflfei-ent  paths  are   open  to  the  blood,  and  that  the  time  for  a 
complete  circulation  will  vary'  somewhat  with  the  circuit  actually 
followed.     For  example,  blond  leaving  the  left  ventricle  may  pass 
through  the  coronarj'  system  to  the  right  heart  and  thence  through 
the  pulmonary  system  to  the  left  heart  again,  or  it  may  ]>ass  to  the 
extremities  of  the  toes  before  getting  to  the  right  heart,  or  it  may  pass 
through  the  intestines,  in  which  case  it  will  have  to  traverse  three 
capillar!.'  areas  before  completing  the  circuit.     It  is  obWous,  there- 
fore, that  any  figures  obtained  can  only  be  regarded  as  averages 
more  or  lass  exact.   The  experiments  that  have  been  made,  however, 
are  valuable  in  indicating  how  ver>'  rapidly  any  substance  that 
enters  the  blood  may  be  distributed  over  the  body.     The  method 
first  employed  by  Hering  (1829)  was  to  inject  into  the  jugular  vein 
of  one  side  a  solution  of  potassium  ferrocyanid,  and  then  from  time 
to  time  specimens  of  blood  were  taken  from  the  jugular  vein  of  the 
opposite  side.     The  first  specimen  in  which  the  ferrocyanid  could  be 
detected  by  its  reliction  with  iron  salts  gave  the  least  time  necessary 
for  a  complete  circuit.    The  method  was  subsequently  improved  in 
ita  technical  details  by  Vierordt,  and  such  results  as  the  following 
were  obtained :  Dog,  16. 32  seconds;  horse,  28.8  seconds;  rabbit, 7.46 
seconds  :  man  (calculated),  23  seconds.     The  time  required  is  less  in 
the  small  than  in  the  large  animals,  and  Hering  and  Vierordt  con- 
cluded that  in  general  it  requires  from  26  to  28  beats  of  the  heart  to 
effect  a  complete  circulation.     Stewart  has  de\'ised  a  simpler  and 
better  method,*  based  ujwn  the  electrical  conductivity  of  the  blood. 
If  a  sohition  of  a  neutral  salt,  such  as  sodium  chlorid,  more  concen- 
trated than  the  blood,  is  injectetl  into  the  circulation,  the  con- 
ductivity of  the  blood  is  increased.     If  the  injection  is  made  at  a 
given  moment  and  a  portion  of  tlie  vessel  to  lie  examined  is  properly 
connected  with  a  galvanometer  so  as  to  measure  the  electrical 
conductivity  through  it,  then  the  instant  that  the  solution  of  salt 
reaches  this  latter  vessel  the  fact  will  L»e  indicated  bj'  a  deflection 
of  the  galvanometer.    Using  this  method,  Stewart  was  able  to  show 
that  in  the  lesser  circulation  {the  pulmonary  circuit)  the  velocity 
*  "Journal  ot  PUyeioYog^ ,"  V&,  \,  \»a4. 
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Is  ver>'  great  compared  with  that  of  the  systemic  circulation — 
only  about  one-fifth  of  the  time  required  for  a  complete  circuit 
is  spent  in  the  lesser  circulation.  Attention  may  also  be  called  to 
the  fact  that  the  Important  part  of  the  circidation,  as  regards  the 
nuiritive  activity  of  the  blood,  is  the  capillary  path.  It  is  while 
flowing  through  the  capillaries  that  the  chief  exchange  of  gases 
and  food  material  takes  place.  The  average  length  of  a  capillary 
is  estimated  at  0.5  mm. ;  so  that  with  a  velocity  of  0.5  man.  per 
second  the  average  duration  of  the  flow  of  any  particle  of  blood 
through  the  capillary  area  is  only  al)out  1  sec. 

The  Pressure  Relations  in  the  Vascular  System. — ^That  the 
blood  is  under  different  pressures  in  the  several  parts  of  the  vascu- 
lar system  has  long  been  known  and  is  easily  demonstrated.  "WTien 
an  arter>-  is  cut  the  blood  flows  oiit  in  a  forcible  stream  and  with 
spurts  corresponding  to  the  heart  beats.  When  a  large  vein  is 
wounded,  on  the  contran',  although  the  blood  flows  out  rapidly, 
the  stream  lias  little  force.  Exact  measurements  of  the  hydrostatic 
preasure  under  which  the  blood  exists  in  the  large  arteries  and  veins 
were  first  published  by  Rev,  Dr.  Stephen  Hales,  an  English  clergy- 
man, in  his  famous  book  entitled  "Statical  Essays,  containing 
Raemostaticks,"  1733.*  This  observer  measured  the  static  pressure 
of  the  blood  in  the  arteries  and  veins  by  the  simplest  direct  method 
poeable.  After  tying  the  femoral  artery  in  a  horse  he  connected 
it  to  a  glass  tube  9  feet  in  length.  On  opening  the  vessel  the  blood 
mounted  in  the  tube  to  a  height  of  8  feet  3  inches,  showing  that 
normally  in  the  closed  arter\-  the  blood  is  under  a  tension  or  pressure 
sufficient  to  support  the  weight  of  a  column  of  blood  of  this  height. 
A  sunilar  experiment  made  upon  the  vein  showed  a  rise  of  only  12 
inches. 

Methods  of  Recording  Blood-pressure. — Since  Hales's  work 
the  chief  improvements  in  method  which  have  marked  and  caused 
the  development  of  this  part,  of  the  subject  have  Ijeen  the  application 
of  the  mercury  manometer  by  Poiseuillef  (1S2S),  the  invention  of 
the  recording  manometer  and  kymographion  by  Ludwig|  (1847), 
and  the  later  numerous  improvements  by  many  physiologists,  and 
latterly  the  development  of  methods  for  measuring  blood-pressures 
directly  in  man.  The  Hales  method  of  measuring  arterial  pressure 
directly  in  terms  of  a  column  of  blood  is  inconvenient  on  account 
of  the  great  height,  large  fluctuations,  and  rapid  clotting.  The 
two  former  disadvantages  are  overcome  by  using  a  column  of  mer- 
cur>'.  Since  this  metal  is  13.5  times  as  heavy  as  blood,  the  column 
which  will  be  supported  by  the  blood  will  be  correspondingly  shorter 

•  For  an  account  of  the  life  and  works  of  this  phymotof!;i8t  see  Dawson, 
"The  Johns  Hopkins  Hospital  Bulletin,"  vol.  xv.  Nob.  159  to  161,  1904. 
i  Poiseutlle,  "  Kechercnca  aur  la  force  du  occur  aortique."    Paris,  1828. 
i  Ludwig,  "Muller's  Archiv  f.  Anatomic,  Physiologie,  etc.,"  1847,  p.  242 
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and  all  the  fluctuations  will  be  similarly  reduceil.  PoLseuillf 
phifftd  the  mercury  in  a  U  tulie  of  the  general  form  shown  in  Fig. 
191,  M.  Dne  leg  wa.s  coiitiected  wttli  the  interior  of  an  artery  by 
appropriate  tubing  filled  with  liquid  and  when  the  clamp  wug 
renujvcd  from  the  vessel  its  pressure  displaced  the  mercurj' in  the 
limbs  by  a  certain  amount.  The  difference  in  height  between  the 
levels  of  the  mercury  in  the  two  limbs  in  each  experiment  gives  the 
blood  pressure,  w^hich  is  therefore  usually  expressed  as  being  equal 
to  .so  many  millimeters  of  merrury.  By  this  expression  it  is  meant 
that  the  pressure  within  the  artery  is  able  to  support  a  colunm 


Fir.  Ifll- — A,  .Schetn*  to  show  the  recorrlinR  mercury  manometer  and  its  connection 
with  the  srtt^ry.'  M,  The  nutnorneter  with  Ibe  position  of  the  meirury  repreaenCed  in  black 
(the  |)res»ure  lh  itiven  by  Ibe  dlatiLnc«>  iii  [nillim«t4^r!i  Lwtween  the  levels  I  and  2;  une-hal(<il 
thia  (liiitanre  is  nnstnleti  on  the  kynioicraphion  hy  (he  |:«n,  P);  F.  Ibe  float  reeting;  upon  the 
surface  r>(  the  mercury  \  O,  ihe  cap  throuxh  which  the  stem  carrying  the  pen  move*:  B,  oHaet 
for  driving  air  ciut  »f  the  manoiiieter  and  r<ir  filliDg  or  washing  out  Che  tube  to  the  artery: 
R,  Che  r<>ceptacle'  eantaininr  the  an^Jtioii  of  itodtuni  carbonate;  c.  the  cannula  for  inaertiofl 
into  the  artery;   u>.  tb«  waannut  arranKeinent  aliuMrn  in  detaii  Ui  B. 

B,  The  washout  cannula;  c,  the  gloss  cannuhi  inserted  into  the  artery;  r,  the  atcin 
connected  with  the  reservoir  of  carbonate  aulutioii;  0,  the  stem  connected  with  tbe  maooiD- 
eter.  The  arrows  show  the  current  of  carbonate  solution  during  the  process  of  washias 
out,  the  artery  at  that  time  being  closed  by  a  damp. 

of  mercur}'  that  many  milliineters  in  height,  and  by  niultiphTng 
this  value  by  13.5  the  pressure  can  be  obtained,  when  desirable, 
in  terms  of  a  column  of  blood  oc  water.  For  continuous  obser- 
vations and  permanent  records  the  height  of  the  column  of  mercur>' 
and  its  variation-s  tluring  an  exijeriment  are  recorded  by  the  de\'ice 
repiiesented  in  Fig.  191. 
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The  distal  |ii»b  of  tlie  U  tube  in  which  tJie  riiercviry  risi-s  carries  ».  float 
of  hard  rubber,  aluminum,  or  some  other  substaace  lighter  than  the  mercury. 
The  float  in  turn  bears  an  upright  steel  wire  which  at  the  end  of  the  glass  tube 
plays  tlimugh  n  small  opening  in  a  nietai  or  glass  cap.  At  Its  free  end  it  bears 
a  jjen  to  trace  the  recora.  If  smoked  paper  is  used  the  pen  is  simply  a  smooth- 
pointed  glass  or  metal  arm,  while  if  white  pa]>er  is  employed  the  wire  carries 
a  small  glass  pen  with  a  capillar}'  tube,  which  writes  tne  record  in  ink.  The 
tube  oonnectinR  the  prtjxinial  end  of  the  manometer  to  the  artery  of  the  ani- 
mal must  be  filled  with  a  solution  that  retards  the  coagulation  of  blood.  For 
this  purpose  one  employs  ordinarily  a  saturated  solution  of  sotlium  carbonate 
aiiil  bicarbonate  or  a  5  per  cent.  Bolutiorv  of  sodium  ritralc.  This  tube 
U  connected  also  by  a  T  piece  to  a  rewiTvoir  containing  the  carbonate  srdu- 
liou,  and  by  varying  the  height  of  this  latter  the  iircssuri'  in  the  tube  and 
the  manometer  may  be  adju.stcd  beforehand  to  the  jiressure  that  is  sup- 
poseii  or  known  to  exist  in  the  artery  under  experiment.  Hv  ihis  nuana 
the  blood,  when  connwtiona  are  made  with  the  manometer,  iluis  not  pen- 
etrate far  into  the  lube,  and  clotting  is  thereby  delayed.  In  long  obser- 
vations it  is  most  convenient  to  u.mc  what  in  known  as  a  nHtshout  canuulfi, 
the  structure  of  which  is  represenlcfl  in  Fig.  11)1,  U.  When  this  instru- 
ment iH  attache*!  to  the  cannula  inserted  into  the  blood- vcK-ifl  one  can,  after 
first  clamping  off  the  artery,  wash  out  the  connectiona  between  the  artery 
and  the  manometer  wJtfi  freah  carlwnate  solution  &s  often  as  desired.  By 
such  means  continuous  records  of  arterial  pressiu^  may  be  obtained  during 
roanv  hours.  Determinations  of  the  pressure  in  the  veint*  tniiy  be  made  with  a 
similar  appaiatus,  but  owing  to  the  low  values  that  prevail  on  this  side  of 
the  circulation  it  is  more  convenient  to  use  some  fonn  of  water  manometer 
and  thus  record  the  vcnou.'i  prer«ures  in  terms  of  the  height  of  the  water  colunm 
«upporte»i.  It  should  be  added  alst)  that  when  it  i.'i  necessary  to  know  the 
pressure  in  any  special  artery  or  vein  the  connections  of  the  manometer  are 
made  usually  to  a  side  branch  opening  more  or  less  at  right  angles  into  the 
vcBwl  under  investigation,  or  if  this  is  not  fwssible  then  a  X  tube  is  insert^^d 
and  the  manometer  is  connected  vvith  the  side  branch.  The  rea.son  for  this 
proej-iJure  i.s  that  if  the  artery  it.>;elt  is  hgated  ami  the  manometer  is  con- 
neft<'»l  with  its  central  s-tump.  the  flow  in  it  and  its  dependent  system  of  capil- 
laries and  veins  is  cut  off";  the  stum])  of  the  artery  constitutes  simply  a  con- 
tinuation of  the  tube  from  the  manometer  and  ser^es  as  a  -side  connection 
to  the  intact  artery  from  which  it  arises.  Thus,  when  a  manometer  is  inserted 
into  the  carotid  artery  the  pressure  that  is  measured  is  the  side-pressure  in 
the  innominate  or  aorta  from  which  it  arises,  while  a  cannula  in  the  central 
Dlutnp  of  a  femoral  artery  mea,sures  the  pressure  in  the  iliac.  A  a^wcimen  of 
what  Is  known  as  a  bluoil-pressure  recoid  is  shown  in  Fig.  192.  The  exact 
pressure  «t  any  instant,  in  millimeters  iif  mercury,  ts  obtftincfl  by  measuring 
the  distance  betwi-en  the  base  line  and  the  record  and  multiplyinjj:  by  2. 
The  base  line  rcpreaeni*  the  position  of  the  rei'ortling  p*-n  wlien  it  is  at  its 
«cn)  position  for  the  conditions  of  the  experiment.  It  in  necessary  to  multiply 
fbo  distance  between  the  ba.si'  line  anil  the  nroril  by  2,  bec^iuse,  as  is  seen  in 
Fig.  191,  the  recording  appuralu.s  me.isure:<  only  the  rise  of  the  mercury  in 
one  limb  of  the  manometer;  there  is,  of  course,  an  erjual  fall  in  the  other  limb. 

The  Ijlootl-prf'ssure  mcord  (Fig.  192)  sliovvs  usually  largo  rliyth- 
niical  variations  corresponding  to  the  respiratory  movements  and  in 
addition  smaller  waves  catisod  hv  thn  hctirt  heat.  The  causes  of  the 
reBpinitorv  waves  of  pre.ssure  are  disi'iis.sei!  in  the  section  on  respi- 
ration. Regarding  the  heart  waves  or  fuilse  waves  the  tisual  record 
obtained  by  means  of  a  mercury  nianoiiieter  gives  an  entirely  false 
picture  of  the  extent  of  the  variations  in  pressure  caused  b}'  the  heart 
beat.  Tlie  mass  of  racrcurv'  possesses  consi<lerable  weight  and  iner- 
tia, which  «nfit.s  it  for  following  accuratel\-  vert'  rapid  changes  in 
presBure.  When  the  pres.siirc  changes  are  slow,  as  in  the  case  of 
31 
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the  long  respiratoiT  waves  aeon  in  the  rocord,  the  manometer  un- 
doubtedly indicates  their  extent  with  entire  accuracy.  But  when 
these  changes  are  very  rapid,  as  in  the  heat  of  a  dog's  or  rabbit's 
heart,  the  mercury  does  not  register  either  extreme  in  the  variation, 
but  tends  to  record  the  mean  or  average  pressure.  The  full  extent 
of  the  variations  in  arterial  pressure  caused  by  the  heart  Vieat  can  be 


AowSt}.c^h«rt'VijrJ.^i^7*iKru^'*"'^  ^^^  merrury  manometer:    Bp.  The  MMtd 

,  U„^,                                                               '  I'n»Miirr<  at  anv  morrxi  wi 
,  vmJii                                                             '■      t.>  the  lili>oi].prCj»ur 

'                                                                 I   '""'  ilrnwn  to  the  n«l,,.   .,  « 

*"                                                                    I    «»*   100  nim.i.  Mb       f  « 

■■»lt'»(t«'th*r  a  falv  jjirlii  •  -a 

Btermine<l  by  other  mejina  (see  l)elow),  and,  if  the  knowkvlgc  thus 

ined  w  apphetl  Ui  the  rorrection  of  the  reconl  (if  (he  morrur?' 

jmeUT.  the  tracing  given  in  I-  ig.  192  should  have,  so  far  as  the 

lit  beat*  arc  c^jticemed.  somewhat  the  appearance  shown  in  Fig. 

I    This  latter  figure  gives  a  more  accurate  meotal  pietUf«  of 

;  actual  conditions  of  pressure  in  the  lax^e  artenefl,M  infltianoed  bf 
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tbr  bnrt  heat.  These  arteries  are,  in  fact,  suiijtH't  to  very  rapid  and 
w  extensive  changes  in  pre^wure  at  each  hca:  of  the  heart,  and 
these  changes  are  naturally  more  jiroiiounced  when  the  force  of  the 
bevtbeat  is  increase*  1,~ far  instanre,  1  y  muscular  exercise. 

Systolic,  Diastolic,  and  Mean  Arterial  Pressure. — As  stated 
in  Uie  last  paragraph,  the  arterial  pressure  in  the  larger  arteries 
indogoes  exten^ve  variations  with  each  heart  beat.  The  maxi- 
nniB  ppeaBUPe  caused  by  the  systole  of  the  heart,  the  apex  of  the 
pibe  w»\*e,  is  spoken  of  as  sijsiolic  pressure;  the  ininimutn  prc.s.siire 
in  the  arteri- — that  is,  the  pressure  at  the  end  of  the  diastole  of  the 
heart,  or  the  bottom  of  the  pidse-wave,  is  known  as  the  diaslolic 
jnuun.  In  a  dog  under  onlinar\'  conditions  of  exi>erimentation 
tbeQrstotic  (lateral)  pressure  in  the  aorta  may  be  as  much  as  168 
mm,  while  the  diastolic  pressure  is  only  100  mms.     In  man  the 


• 


^'^^ 


1^103. — Bebenialic  nptcaentjition  of  the  prewaure  chmni^  csiued  by  each  beari 
■dieina  reprHenta  three  lieart  beats  suppiieed  ro  be  recorUed  on  a  rapidJy  mo  viag 


a(  tiM 


by  •  masaiDeteT  delicate  enough  to  follow  tbe  pressure  chanaes  accurately.     Tbe 
pulw  w«T«  meaaures  the  eiy!<toUc  pre&sure;   the  bottom  toe  diastolic  prewure. 


olic  pressure  as  mea.«iured  in  the  brachial  artery  may  be  taken 
round  numbers  as  e<iu;tl  tn  1  \0  to  1 16  mtns.,  while  the  iliastctjic 
ure  is  only  65  tu  75  nuns.     The  difference  between  the 
stolic   and   the  diastolic   pressure  has  been   designated   con- 
enif^ntly   as   the  pulse  pressure.     It    inejisures,   tif  rourse,   the 
Xrariation  in  pres,sure  in  any  given  artery  caused  by  the  heart  beat, 

fcd  s'»  far  as  that  artery  is  conr-enied  it  gives  the  fon-e  <if  the 
url  beat  except  for  the  small  component  used  to  accelerate 
the  movement  of  the  blood.  From  the  figure."*  given  a])ove  it 
will  l>e  seen  that  the  pulse  pressure  in  the  lirachial  artery  of 
man  averages  4.5  mms.  Hg.  Kaeh  .sy.«tnle  of  the  heart  distenrls 
this  artery,  therefore,  by  a  sudden  increase  in  pressure  equal 
\ti  the  weight  of  a  column  tif  tnercury  45  mms.  high.  As  we 
go  outwanl  in  the  arterial  tree  the  pulse  pressure  liccomes  less 

Fd    less,   the   oscillations    in    pressure   with    each    heart    beat 
?  Jees  marked,  until,  finally,  in    tlie    sniaWesl  arVerves   a.iv(i 
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capillaries  and  in  the  veins  there  is  no  pulse  wave,  and  no  diflferenoe 
between  systolic  tmd  diastolic  pressure.     In  speaking  of  the  pressure 
in  the  blood-ve.ssels  we  refer  usually  to  what  is  called  the  mean 
pressure.     It  is  obvious  that,  so  far  as  the  larper  arteries  are  con- 
cerned, the  mean  pi-etisure  if?  only  a  convenient  expression  for  ibe 
averape   pressure  during   u   certain   period.     If,    by    the  methods 
descriljed  l>elow.  we  determine  the  systolic  and  diastolic  pressures 
in  the  arterj^  of  a  man,  and  ajssume  that  there  has  l>een  no  ppneraJ 
variation  In^tween  t!ie  two  observations,  we  can  e.stimate  the  mean 
pressure   with   approximate  iiccuracy   by   takinfj;  the  arithmetical 
mean  of  the  two  figures,  or  by  adding  to  the  diastolic  pressure  oae- 
half  of  the  pulse  pressure. 

T] If  arithmetical  mean  of  systolic  and  di&stolie  prcasurea  during  nnyeiven 
heart-ljeal  dtx's  nut  give  llip  true  mean  [jrt^ssure,  owing  to  tin-  form  of  ihr 
puisc  wavf  !nef  Fij;.  214).  If  the  rise  from  dia.'^tulic  to  systolic  pressure  Mid 
tlie  sdceceding  fall  look  place  uniformly,  so  that  tlie  pulse  curve  constituwd 


l-'if^.  I U  4. -Schema  In  iniiicace  Ibe  general  Tclations  uf  syatolic,  mean,  Mid  flioKtolie 
prewure-x  throughuut  the  iirferiiU  tiy.item:  *,  Syatolic;  m,  ineaa ;  it,  diaLStolic;  c,  praaura 
at  ktFKiauine  of  tbe  capillaries.  The  distance  frotu  §  to  d  repremata  (be  pulje  pivmm  at 
iliCTerrnt  jjarts  uf  tbe  t»r»erial  system. 


a  tnin  triangle,  the  true  mean  pressure  would  be  given  by  the  arithmet 
mean  uf  the  two  pressures.  A.""  a  matter  «.»f  fact,  the  descending  li 
of  the  pttltjc  curve  is  not  a  Btraiphl  but  a  curve<i  hne.  and  it  is  broken, 
morecxver,  by  t^ecoudary  waves.  The  position  of  the  mean  pressure  during 
any  jjiven  heart-beat  will  vary,  therefore,  with  tlie  form  of  tde  pulse  curv'e. 
GeniTuliy  fipeakinp.  it  lies  nearer  U}  the  diastolic  than  to  the  Kyutolic  level.* 

In  phy^ioloiiical  observations,  a.'*  n  n]lt\  no  attempt  is  made  to 
estinuit^.'  the  nietui  pi^.'wure  for  any  given  time  with  mathematical 
accuracy.  In  the  ortlinary  tracinp  as  given  by  the  mercurj-  man- 
ometer (Fig.  192)  the  mean  pres.'^ure  for  any  gi\en  period  during 
which  the  variations  have  l)eeii  .symmetrical  and  not  extreme  is 
estimated  as  the  aritlunetical  mean  of  the  highest  and  lowest 
points  reacherl.  When  desirable,  the  mean  pressure  may  be 
recordetl  by  introducing  a  re.sistance  (narrowing  the  tube  by  means 
of  a  stopcock)  Iwitvveen  the  arteiy  and  the  manometer.  The  latter 
*  See  Dawapn,  "  ViriU&\i  "Medvcal  JowTuai,"  \'i«ici,'4afe. 
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Fin.  1B5. — DiaKTAm   »howinK  constniction  of  Htirthlo'a  manometer. — (Aflcr  C'urfv*.) 

;  ioterlor  of  the  heart  or  the  artery  Li  connectetl  by  rigid  tubiutc  to  a  very  small  liunbour, 

Th«  tubing  aud  the  tambour  are  tilled  wit  h  liquid.     The  inov-ement8  of  t  h«  rublwr  <lain 

DvaritiKtbe  tambour  are  greatly  inagnifie<l  by  a  cnmpaund  lever.  S.     TtM>  tendency  of  thia 

vet  to  "fliDg"  may  be   prevented   by  an  arraniionient  not  ithnn-n  in  the  diagram.     Tlte 

entiol  principles  of  the  recorder   are,  first,  liquid  conduction  from  heart  to   tambour; 

and.  a  very  small  tambour  and  membrane  au  that  a  iniuimal  volume  of  lii(uid  escapes 

m  thm  heart  into  thr  tambour. 


will  then  record  mean  f)re,s.sure  and  show  no  variations 

twith  the  heait-l>eat.    A  general  idea  of  the  variations  in 
,'stolic,  diastolic,  an<i  mean  preasures,  throughout  the 
terial  sj-^tem,  may  be  obtained  from  the  sehema  given 
Fig.  194. 

Method  of  Measuring  Systolic  and  Diastolic  Pres- 
sure in  Animals. — In  aaimals  a.  manometer  may  be  con- 
necte<i  directly  with  the  artery  and  systolic  and  dia*^tolic 
pressures  may  be  obtained  in  one  of  two  general  ways: 
By  using  some  form  of  pressure  recorder  or  manom- 
?r  sufficiently  mobile  to  follow  verj-  quick  changes  of 


a 


the  artery^ 


■flLmmum. 


T 


TTUnifftum- 


J  to  illuMralc  the  use  of  valves  In  determining  maximum  (syslolio) 

(tttteloiie)  bloud-pro.Hsure,     When  sto(>cock  a  w  open  the  heart  >)cnts  are 
inm^  tlie  maximum  valve  und  the  mercury  in  the  manometer  Li  (irevenied 
tween  beets.    The  manomelcr  will  record  the  hiRhe»t  preiwure  naobe<i  during 
UM  period  d  obaervatioa.     The  rovenjo  occurs  when  valve  6  alone  a  open. 
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pressure.  (2)  By  using  a  mercury  manometer  provided  witli 
maximum  and  minimum  valves.  Of  the  manometers  that  have 
been  devised  to  register  accurately  the  quick  changes  in  pressure 
due  to  the  heart  beat,  the  one  that  has  been  most  successful  is  tbe 
membrane  manometer  of  Hiirthh'.* 

The  principle  made  uhc  of  in  ihp  Hiirthle  manometer  is  mustnite«cj 
by  the  diagram  in  Fig.  Iflii.  The  itwlriimoiit  consists  essentially  of  .1  inui.ll 
box  or  tamiwur  of  very  limit (^i  cupaeity;  the  top  of  the  lamlxiur  is  coverod 
with  thin  rubber  il.im  and  the  ca\-ity  is  filled  with  liquid  and  connected  by 
rigid  tubing,  also  filled  willi  li()uid,  with  the  interior  of  the  arter>' or  heart . 
Variations  in  pressurt-  in  the  artery  are  Iranstriitled  Ihroiijrh  the  column  of 
liquid  to  the  rubber  niemhrane  of  the  tambour,  and  the  movements  r>f  this 
latter  are  greatly  majtriiified  by  a  sensitive  lever  attached  to  it.  The  liqiiici 
oonduclioti  and  the  small  size  of  the  tambour,  which  prevents  any  notip^^- 
able  outflow  of  liquid,  cornivine  to  gi\-e  a  sensitive  and  very  prompt  record  0» 
preaaure  changes.  It  ia  necessary  to  calibrate  this  instruraent  whenever'* 
use<l  in  order  to  give  absolute-  values  to  the  rtxord.s  obtained.  A  aperimi 
ol  a  blood-pros-sure  record  obtained  with  this  instrument  is  shown  in  Fig.  W3^j 
It  will  be  noticed  that  the  siise  of  the  heart -beat,  relative  to  the  distance  fn 
the  base  line,  is  much  greater  than  in  the  record  obtmnod  with  tbe  mem 
laanometer,  Fig.  192. 


Vte.  1OT< — Blood-l>re«KUre  rerord  from  a  do«c  wnfli  a  Hurthle  raanometer. 
ha  nilWrt  tots  i.i  relntivdy  mucli  tcrp&tcr  thuii  with  a  mercury  manamelcr. 


-_ _  .^  .  ^_     „    The  a» 

ai  the  oBUllieAU  i.i  relntivdy  mucli  tcrp&tcr  thuii  with  a  mercury  manamelcr.  In  this  earn 
the  •srstoUe  prov-ure  is  about  1£0  uinij«.  Jig:  the  diiiatolic,  100  mtits. ;  am!  (be  tie&rt  lw>t  or 
pulae  presHure,  50  mtns. 


The  method  that  dejjenda  uptin  the  use  of  maximum  and  minimum  valves 
may  bo  understood  by  reference  to  Fig.  196.  On  the  path  iMilwit-n  the  artery 
and  the  manometer  one  may  place  a  maximum  and  u  miiiiuium  valve  so  ar- 
rangeii  that  the  bloijil-pressure  aiul  heart  beat  Tn&y  be  tran.smitted  through 
either  valve.  An  i.s  shown  bA*  the  figure,  if  the  eonne«'tion  is  maintained 
through  the  maximum  valve  for  a  certain  time  tbe  hi(£he>t  pressure  reached 
during  that  period  will  be  recorded,  while,  when  the  minimum  valve  is  uaed 
the  lowest  preH-^ure  reached  will  be  indicated. 

Such  valves,  of  course,  act  slowly  and  can  not  be  used  to  determine  the 
maximum  and  minimum  pressure  in  the  arte_'r\'  during  a  single  heart  l>eat; 
they  record  the  highest  and  lowest  point  reached  during  a  certain  given 
interval. 

Actual  Data  as  to  the  Mean  Pressure  in  Arteries,  Veins, 
and  Capillaries. — The  mean  vahie  of  tla*  pres.sure  in  the  aorta 
has  been  determined  for  many  mammals.     It  is  found  that  the  actual 


•  .Vrchiv.  f.  d.  gesammte  Physiologic,"  49,  45,  1891 
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Fis.  lfi&— Curva  ahowins  the  reaulta  of  ■ctual  mesmmtDeat  of  aystolie,  diutolie,  mnd 
KD  pr««m  (UtenJ  prBasurea)  klong  the  morta  and  femoral  of  the  dog.     Th«  tiranchtM 
Dueb  whieh  the  UtenU  pnMautea  wen;  (ibtAincMj  are  iudicatod  aa  followa:  &b.  \jcit  nuh- 
rt»n;  C-itf,  celiac  and  superior  meaenteric;  ft.  left  renal;  F.  left  femora]  (Klleiiberger 
kiun),  external  Uia43;    P,  profunrliv  branch  of  femoraJ ;   S.  a&pbenK.     The  piesaure  in 
'ere  ia  civeo  aionic  the  onlinatex  to  the  left.      It  will  Iw  noted  that  the  mean  and 
tolie  preaaiurea  remain  praclipally  Ihp  saoie  thrnuKhciijt  the  de*icemlinc  aorta  ami 
— -—   U»*  feniural.     The  systolic   prcwure  shows  a  in«rked   increjuie  at   the  lower  end  of 
I  the  aorta  and  then  falls  off  rapidly.     The  pulse  pressure  at  the  inferior  end  of  the  descend- 
|1&C  aort*  ia  much  larger  thuu  at  the  arch.  -■{lia\noi\.) 

vary  with  the  conditions  under  whieh  tlu-  rc';?.ult.s  have  l>een 
lined.    Such  vahios  113  tlie  following  may  be  iiuoteJ:* 

Horse 321  mms.  to  150  mtns.  Ilg. 

l>"g     172     "       "104      "       " 

Sheep 206     "       "156      "       » 

Cat 150     " 

Rabbit 108     "       "    90      "       •* 

Man  (probable,  Tigeretcdt) 150     " 

♦See  Volkmann.  "Die  Haemodynamik,"  1850. 
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It  appears  from  these  figures  that  there  is  no  proportion  betweoi 
the  size  of  an  animal  and  the  amount  of  mean  arterial  pressure.  It 
is  probable  that  there  may  be  a  general  relationship  between  the 
size  of  the  animal — that  is,  the  size  of  the  heart — and  the  amount 
of  pulse  pressure  or  the  oscillation  of  pressure  with  each  heart  beat, 
but  sufficient  data  are  not  at  hand  to  determine  thb  point.  As 
we  pass  from  the  aorta  to  the  smaller  arteries  the  mean  pressure 
decreases  somewhat,  although  not  very  rapidly,  while  the  pulse 
pressure  decreases  also  and  to  a  more  noticeable  extent. 

This  fact  is  illustrated  in  Fig.  198,  which  gives  a  graphic 
representation  of  a  number  of  experimental  determinations*  of 
systolic  and  diastolic  pressures  in  the  large  arteries  of  the  dog. 

If  we  turn  to  the  other  end  of  the  vascular  system,  the  veins, 
we  find  that  the  lowest  pressure  is  in  the  venae  cavsp  and  that  it 
increases  gradually  as  we  go  toward  the  capillary  area.  Accord- 
ing to  one  observer,!  the  fall  in  pressure  from  periphery'  toward 
the  heart  is  at  the  rate  of  1  mm.  Hg  for  every  35  mms.  of  distance. 
We  have  such  figures  as  the  following: 

Uoo  (Upits).  Sheep. 

Superior  vena  cava  (n«iar  Jugular  vein     0.2  nun.    Eg. 

auricle) =  — 2.B6  mms.  Hg.        Facial  vein 3.0  mm*.  " 

Superior  vena  cava  more  Branch  of  brachial    .      .   .    9.0     "      ** 

di»UU -  -1.38     "  ••  Cnii»l 11.4     "      " 

Kxtemal  iuKular(left)  .   .  —      0.62  nun.  " 

llicht  brachial -^      3.90  mmt.  " 

I.«?t  facial 5.12     "  " 

Left  femoral 5.39     " 

l.eft  MtplienouK 7.42     "  " 


FiK.  199.  -  Schematic  reprenentation  of  the  xeneral  relation*  of  blood-pmwurv  (aide 
premure)  in  difTrmit  psrtx  of  the  vaivular  pyHtem:  a,  Itie  arterieH;  r.  the  cmpillaiicH:  r, 
the  veinii.  The  mean  and  dianUilic  prewKUreK  remain  nearly  comitaut  in  the  arterial  nyiiUm, 
B«  far  an  they  ran  be  me&«urr<l  arouretely.  The  prrH!<umi  in  the  veioii  are  reprenented  ■* 
uniform  at  any  one  |)<>int.  In  tlie  larice  veiiii.  near  llie  heart  there  are  variation*  of  prtuwiie 
with  Hkch  rrapiratifm  and  willi  eai-li  heart  Iteat  (Venuun  Pulne,  p.  ,'>20). 

At  the  lieart.  therefore,  the  pro.s.«!ure  of  the  blood  uptm  the  walls 
of  the  veins  is  nearly  tjjV.  and.  indoetl,  owing  to  the  circumstance 
that  the  largo  veins  lie  in  the  thoracic  cavity,  in  which  the  pres- 
sure is  below  that  of  the  atni«»sphere,  the  tension  of  the  blotwl  in 


♦  l>:tww»n.  "'.Vnu'riran  .lournal  of  PliVNiolojsj'. "  1.'),  244.  HHM> 
t  liurt«m-()|)itz,  ■•.\inorican  Journal  of  IMiysiolojtj', "  9,  IIW,  19 
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may  also  be  below  atmospheric  pressure,  although  doubt- 
at  this  point  (vena  c"ava)  the  pressure  within  tlie  vein  is 
reater,  certainly  not  less  than  the  pressure  on  its  exterior 
^intrathoracic  pressure).  To  complete  the  general  conception  of 
the  pressure  relations  in  the  vascular  system  it  is  necessary 
^o  know  the  pressure  uf  the  blood  in  the  smallest  arteries  and 
^\eins  and  in  the  capillaiies.  It  is  not  possihle^ — ^in  the  cases  nf 
the  capillaries,  for  instance — to  connect  a  manometer  directly 
with  the  vessels,  and  recourse  has  been  had  to  a  less  direct 
and  certain  niethod.  The  [)ressure  in  the  capillaries  in  dif- 
srenl  regions  uf  the  skin  has  been  estimated  by  determining 
le  pressure  necessary  to  obliterate  them — that  is,  to  blanch 
16  skin.  A  glass  plate  is  laid  upon  the  skin  ur  mucous 
lembrane  and  weights  arc  added  until  a  distinct  change 
in  the  color  of  the  skin  is  noted.*  Knowing  the  necessan,'  weight  to 
produce  this  effect  and  the  area  submitted  to  compression,  the 
pressure  may  be  expressed  in  terms  of  millimeters  of  mercury  or 
blood. 

The  following  example  may  \ye  used  to  illustrate  this  method.  Suppoae 
that  the  eIiiss  plate  has  an  area  of  4  sq.inms..  and  that  to  blanch  tlip  akin  niuieT 
it  a  weight  of  1  gm.  is  neceauary;  1  gin.  of  water  —  1  c.c.  or  1000  c  tnriis. 
Therefore  to  blanch  this  area  would  require  a  column  of  water  contain- 
ing 1000  c.mms.  with  a  crosa-area  uf  4  aq.inm.s.  The  height  uf  this  column 
would  therefore  be  equal  to  ^"^^  or  250  mms.  of  water, — that  ia,  18.5  mms. 

The  results  obtained  by  this  method  are  not  ven,-  constant  and 

n  only  be  considered  as  approximate.     It  would  appear,  how- 

er,  that  the  pressure  lies  somewhere  between  20  and  4(J  mms. 

ot  mercurj'.    Thus,  up<m  the  gums  of  a  rabbit  von  Kries  found  a 

_capillary  pressure  uf  33  mms.  Up. 

By  means  of  a  more  adjustable  instrument  von  Herkling- 
msenf  estimates  that  in  man  the  pressure  within  the  i-apil- 
ries  of  the  finger-tips  or,  to  be  more  accurate,  within  the  small 
teries  supplying  these  capillaries,  is  e(jujil  to  55  mms.  Hg. 
?e  p.  497.) 

The  general  relations  of  the  pre-ssures  in  arteries,  veins,  and 
ipillarios  may  be  expressed  in  a  curve  such  sus  is  show^n  in  Fig. 


It  shu(dd  be  ad<led  that  in  this  curve  and  in  all  the  figures 
far  quoted  in  regard  to  the  actual  pressure  within  the  different 
teries  and  veins,  it  is  assumed  that  the  animal  is  in  a  recumbent 
Blure.     In  an   animal  standing  upon   liis  feet,   especially  in 

•  V.  Kriiw,  "Herichte  d.  Sftrhs.  (iesell^cluift  d.  Wi**.  Math.-pliys.  C'lasse, " 
48. 
KeckiinKhau.<4en,  "Archiv  f.  e.\p.  ruth.  u.  Pharnak.,"  !>5,  [i7t),  1907. 
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an  upright  iiuimat  like  man,  it  is  obvious  that,  tho  effect  of 
Kravily  will  modify  greatly  the  actual  figures  of  pressure.  Upon 
the  arteries  and  veins  of  the  feet,  for  example,  there  wU  be 
exerted  a  hydrostatic  pressure  equal  to  the  hei^jht  of  the  column 
of  liquid  between  the  feet  and  the  heart,  which  adtLs  it^lf  to  the 
pressure  resulting  from  the  circulation  as  caused  by  the  heart. 
When  the  animal  is  in  a  recumbent  position  the  hydrostatic  fac- 
tor practically  disappears.     (See  p.  oOti-) 


Fig.  200. — Figure  of  the  Riva^R«>rci  apiiaratua  (Sahli):  a,  Tlie  leather  coll&r  with 
inaide  rubber  ban  to  kp  ••n  ttie  ann;  c,  (lie  outb  for  Ijlowinx  up  the  riibt>er  bM  '^'i  thin 
compnMsioit  the  artery;  d,  the  muaocnetei  dipping  into  the  reforvoirof  tueroury,li  to  i 
8ure  the  amount  of  pressure. 


The  Method  of  Determining  Blood -pressure  in  the  Large 
Arteries  of  Man. — It  is  a  matter  of  interest  and  practical  impor- 
tance to  ascertain  even  approximately  the  arterial  ]jressure  in  man 
and  its  variations  in  health  and  disease.  The  first  practical  method 
for  determining  this  point  ujwn  man  was  suggested  by  von  Basch 
(18S7),  who  devised  an  instnmient  for  this  purpose,  the  sphygmo- 
manometer. Since  that  time  a  number  of  different  instrumenta 
have  been  described,  but  attention  may  l>e  called  to  two  only,  which 
are  among  the  most  recent  and  convenient.  In  the  first  place,  it 
must  l>e  clearly  recognized  that  the  arterial  pressure  in  the  large 
arteries  of  man  shows  marked  variations  with  the  heart  beat;  the 
pressure  during  the  l>eat  of  the  heart  rises  suddenly  to  a  much  higher 
level  than  during  the  diastole.  The  relation  of  the  systolic  (or 
maximum)  and  rliastolic  (ormininuim)  j)n>ssnres  is  imlicatetl  by  the 
diagram  in  Fig.  194.  The  instruments  tliat  have  iieen  invented  for 
determining  human  blood-pressure  are  in  reality  adapted,  more  or 
less  accurately,  to  determine  one  or  the  other  or  both  of  these  p 
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ires.  No  instrument  has  been  (levise<l  for  cloterniiuiiig  Iho  niran 
>ressure,  and  as  a  matter  of  fact  such  a  thing  as  mean  pressure 
loes  not  exist  in  tht'  large  arteries,  it  is  simply  an  abstraction. 
*What  really  occurs  in  these  arteries  is  a  rapid  swinj?  of  pressure 
with  each  heart-beat  from  the  diastolic  to  the  .^ysloHc  level,  and 
to  interpret  fully  our  records  it  is  important  to  determine  each  of 
tht?8e  values.  The  principle  of  determitiirvg  the  systolic  pressure 
alone  is  very  simple:  it  consists  in  determining  the  amount  of  prejs- 
aure  necessar>'  to  completely  obliterate  the  artery, — that  is,  to  pre- 
vent a  pulse  from  passing  through  the  region  under  coniprt'-sston. 
This  principle  was  u.sed  origiuallj-  by  von  Baseh,  but  its  application 
has  been  made  perhaps  most  successfully  in  the  simple  apparatus 
suggested  by  Riva-Rocci,  which  is  adapted  especially  for  measure- 
nients  of  pressure  in  the  lirachial  arterj".  One  form  of  this  instru- 
ment is  represented  in  Fig,  200. 

The  leather  or  canvas  band,  a,  is  buckled  snugiv  around  the  arm.  On 
the  inner  surface  of  this  band  there  is  a  rubber  liag  wKich  communicates  with 
the  mercur\'  inanonrjeter,  </,  and  ttie  pressure  bulb,  c.  When  the  band  is  in 
place  rhytlimical  compressions  of  c  will  force  nir  into  the  rubber  bjiR  surround- 
ing  the  ann.  Tliis  bag  ii«  Idown  up  and  exerUs  presstire  upon  the  arm  and 
through  the  arm  tissue  upmn  the  brachial  artery.  The  amount  of  pressure 
that  Ls  being  exerted  upon  the  arm  is  indicated  at  any  moment  by  tne  mer- 
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301. — Schema  to  iltustrale  the  fact  that  when  tke  presaure  upon  the  outride  of  the 

ID  equal  to  the  diaatrjlic  pienaure  the  puLm)  wave  will  cnu-^e  a  ma.Yiinal  expMmaion  of 

thearter;^:  a  repreaents  the  normal  artery  distended  by  diastolic  blood-pressure;  the  dotted 
line*  indicate  tbe  additional  expaoaon  eaused  by  the  putae  wave;  6  repreaeril^  the  art«ry 
wbon  compieaaed  by  an  outride  preasure  equal  to  the  diastolic  presaure  within;  tbe  artery 
then  takes  the  nse  of  an  empty  artery  kept  patent  bv  the  rigidity  vi  it5  wallo.  The  pulw 
wave,  on  reaching  this  aection,  finds  a  relaxed  wall  and  cavises,  therefore,  a  maximum 
mttmnmoD. 


trury  manometer.     The  momenl  of  obliteration  of  the  artery  is  determined 

by  feding  (.or  recording)  the  pulse  in  the  radial   artery.      The  moment  that 

this  pulse  disappears,  as  the  [)reHH«rc  upon  the  bniehial  i»  raised,  indicates  the 

•  jnaximutn  or  systoUc  pressure  in  the  brachial  artery.     As  the  pressure  is  low- 

Icrcl  again  the  pulse  reappears.     Among  other  sources  of  error  involved  in 

lithi*  metticKi  it  m  to  Ije  remembered  tbat  the  tactile  .wnsibility  is  not  sutticiently 

[delicate  to  detect  a  minimal  pulse  in  the  artery.     Other  metliods  of  determin- 

the  RVRlolic  pressure  (see  below)  indicate,  as  a  matter  of  fact,  that  the 

e  contuiuos  some  time  after  an  individual  of  average  tactile  sensibility  is 

>Ie  to  detect  it. 

To  determine  the  diastolic  pressure  is  more  difficult  and  requires 

^mewhat  more  apparatus.     The  principle  employed  w£is   first 

fsugp'stXMi  by   Marey   and   first    practically   ai)plied   by    Mossso.* 

rThe  metho<l  consists  in  recorfling  l>y  some  means  the  pulsations 

of  the  artery  under  different  pressures  and  determining  under 

•  "Archives  ilalicnnes  dc  biologic,"  23,  177,  1895. 
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what  pressure  the  maximal  pulsations  are  given.  This  pr<^<:un' 
should  be  equal  to  the  (liastrf>lic  pressure  within  the  artery.  Thi- 
principle  involved  may  bt;  illustrated  by  the  accompanying  figure 
(Fig,  201). 


I 
I 


Fig.  2(12.  —  Rrcord  {Erlanoer)  to  Hitow  Ihe  niaxtnium  nite  of  the  itrorded  pulae 
wave  when  the  bUlRide  or  pNtrUvawular  pressure  b  equul  •<!  the  ititerbal  diastolic  ptwsur*. 
The  artsry  in  coiupre.Hwri  tir>t  wi»h  a  jire*sure  above  ayatolic,  sufficient  to  obhtente  the 
luineii.  An  this  prewur*  i.t  lowered  in  Hlepia  «f  5  mms.  ibe  recordeil  pul.se  w»\-e  increMes  '"> 
tiae  to  n  ma.xiniurii  tuii)  then  again  b«oo(a«s  amaller.  The  outside  prestture  willi  which  tte 
mkxiiiiutn  pulae  in  obtained  measurea  the  Amount  of  th«  intenwl  diastolic  pressure  (Maivy  * 
principle). 

Lpt  a  represent  h  longitiiclinal  w"ction  of  nn  artpry  distendml  hy  nom**^ 
(lia-sloJin  artmal  pressure.  At  each  heart  bent  the  force  of  the  puLsr  will  <1_*^ 
(fnd  the  arterj'  stiH  more,  as  represent ed  hy  the  tlt>i(e<l  hnes,  luid  thii*  ***" 
crease  in  siae  may  be  :nt'asured  by  proper  transmitting  upparatiu.     If    oo* 


Fte.  203. — Schema  ahoviriK  the  construction  of  the  ErlAnfter  apparatus:  «,  Rubbat 
ixig  of  the  arm  piece;  e,  bulb  for  hlcin-ine  up  thi.s.  bag  and  putting  pceasure  oo  th«  Arm;  b, 
the  manometer  for  mea-turiDS  the  pg-«;!^ure;  t,  two-way  stopcoelt  (when  tiuiMd  ao  ■•  to 
ciimmunicate  with  the  citittllary  oiwiiinK.  ^.  it  allows  the  preHsure  in  a  to  fall  alowiy);  a, 
a  rubber  ban  in  ji  Klaaa  chauibier,  (.'  <  crimmunic«te>j  with  a  when  stopcoeic  <t  ia  open  and 
the  pulm  iravfl'i  from  a  are  tmnamittcd  to  e:  the  pultialjoiis  of  «  in  turn  are  tranamitled 
to  the  delicate  tambour.  A,  a.Dd  ar«  thiu  recorded. 

pressure  is  lirtjught  to  bear  u[xjti  the  outside  t>f  the  artery  its  lumen 
will  be  diininialied  aa  the  outride  pressure  is  increased,  nnd  when  this  pres- 
sure is  equal  to  the  diastolic  blood-preoBure  within  the  artery  one  will  neu- 
tralize the  other,  and  the  diameter  of  the  artcrv  will  be  equal  to  that  assumed 
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the  vessel  rontaiiw  blomt  im(]or  no  pressure  and  in  kept  patent  only  bv 

le  siiffness  of  its  walla  (6j.     Under  thw  pomlitiim  the  puW  wave  when  it 

ivewea  this  portion  of  the  vessel  finil<  ilf*  walls  rfinijvleti-ly  rekxeil,  jvs  it 

rcre,  and  the  force  of  the  heart  wave  will  eonHe(]ui"nlly  rau»c  a  grtater  di)*- 

ition  of  the  arterial  walls  and  a  larger  pulse  wave  in  (he  recorrlinp;  appa- 

ktus.     If  the  outside  pr<<«suni  is  inrretisecl  beyond  the  amount  of  diastolic 

it  will  not  only  neiitriilize  this  latter,  but  will  tend  to  overeonie  the 

of  the  arterial  wall.    When  the  pulse  wave  passen  through  this  si  ret  eh 

'.  be  foroed  not  only  to  dlstimil  the  walb,  but  alrso  to  overeome  the  exeeaa 


Mm 


WML'— Krianicrr  nppantu*.     Tiip  collar  for  the  nnii  i>>  not  *)ir>wn.     The  partn  may  be 
uiidrratnoil  by  referrnre  lo  the  sciivmn  (iveii  in  Via.  203. 


(iin 


on  the  outftide.  The  movement  of  the  walls  with  the  pulse  wave 
be  less  extensive  in  protx»rtir)n  to  the  excess  of  pressure  on  the  outside. 
therefore,  one  starts  with  an  outside  pressure  sumcient  to  obliterate  the 
y  completely  the  recorded  pulse  wave  will  be  Hinall.  Aj«  this  pressure 
iinishe<l,  the  piiUc  waves  become  larger  up  to  a  eertain  point  and  then 
again  in  size  (see  Fig.  202).  The  oiit'iide  prr'>wure  a'  whieh  this 
in  |>ul.se  Liobtaine<l  measuri'a,  arcording  to  I  he  prinriph^  .state<l  alxjve, 
tolie  pressure  within  the  artery.  That  the  prineiple  is  eorreet  hsis 
Nrn  by  direet  exp<'rirnents  upon  the  expo-se*!  artery  nf  a  dog,  in  whieh 
IMHMire  wiu  tnea^ured  by  the  iitethod  outliued  above  and  abo  directly 
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by  ft  tnttnomet<?r  mnnccted  with  the  interior  of  the  arten,-.*  In  such  experi- 
ments up<ni  man,  however,  one  cotulition  i»  prewnt  which  detracts  from  the 
absolute  vnliie  of  (he  reeulta  obtained,  akiiough,  since  it  is  suhstantially 
li  constant  factor,  it  does  not  seriously  interfere  with  relative  results,  th»t 
is,  with  observations  upon  the  variations  of  prensure  under  different  condi- 
tions. Tills  source  of  error  lies  in  the  fuet  that  in  the  living  person  the  out- 
side pressure  can  n<it  he  upplied  directly  In  the  arteries,  but  only  indirectly 
through  the  interveiiiiiK  tissues.  These  tissues  interpose  a  certain  resistAace 
to  the  pressure  exerted  from  without,  and  some  of  this  pressure  must  be  tpeal 
in  overcoming  this  resistance.  The  amount  of  the  resistance  offered  by  the 
tissues  has  been  estimated  differently  by  various  authors,  but  probably  lie» 
between  G  and  10  mm!>.  of  mercury, — lliat  is,  the  pressure  as  measured  e.xceedi 
thi*  real  diastolic  prea.surc  by  this  amount.  Several  instrument**  have  l>««o 
devised,  according  to  this  principle,  to  measure  diastolic  pressures,  but  the 
sphygmomanometer  described  by  Erlangerf  is  probably  the  most  complete 


\i:i6 
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by  Um>  Krlut^r  apht 
nrMMuro  ui>t  m  thon 


2(M.— To  i>ho«  tlw  uMbod  ot  deteetinc  the  •>-vtolir  praMure  upon  tte  trartag  bItm 


M«  alMwit  for 


Tbe  preanra  upon  th»  ann  b  raianl  whaw  ^riUBit 

S  moL.  at  •  time,  ■  i^ort  record  brtac  tmkm  aflcr  |«Mib  dnv^ 

lis,  ISO.  11&.  aod  110  nun.     At    115   mm.   it   wOl   br  «•«•  Uwl 


llw  Bnba  of  Um  piilw  ira,»c  ahow  tba  aaparatiaa  or  i|M«a<linc  whirh  imliraua  ibr  firrt  piil»- 
«»«•  U  gat  ikriMitk  Ika  oeahidad  a(i«(y«  aad  thmwlim  tbr  aysioltc  pmmur. 

•ad  the  most  eoovfloicot  for  actual  use.     This  instrument  is  illi)xtr»t«d  in 
Fiffa.  303  and  301. 

It  may  be  used  to  determine  both  systolic  and  diastolic  pressure. 

Tbe  way  in  which  thr  ap|ianitus  is  u.«cd  may  be  understood  from  tbe  srbe- 

autie  I''^!'!^    "  '**  ^l'**  rtibt>«'r  li«^  whirh  is  buckled  upon  the  ami  by*  leaikar 

•tr«p>     This  bag  R>mniunicat<ra  with  the  merrury  manometer,  h,  with  a  pn^ 

mtte  hag, Cf  through  the  l w<v-way  atopcock.  i.  and  through  tlie  stopoodt ^  with 

•  rubber  MK»  t,  contained  in  a  glass  cliamlMiT.  /.     This  glaat  cliamber  man- 

■lUttkaKtf  *hove  w-ith  a  sensitive  tambour,  k,  and  by  means  oC  the  moptoA 

§  Ckii  be  pl*^**^  "^  cummuiiication  wtih  the  outiiide  atr.    The  systAlic  prmme 

•Bay  bv  X^UiraMtfA  in  two  way«;  By  one  m.*thod  only  the  mrrrury  raatwoi- 

etetr  ^  ^^i— iry    the  iu»lrum«>nt  «>m>*|Hinthng  %»ith  the  Riva-Rocci  afipa- 

nUiM  J  "^lAed  aboTe.     By  mnuia  vt  the  pressure  haft,  t,  the  bag,  a,  upoo  the 

*na  uvf^L-i  tm utttfl  the  prmmi*  is  above  the  qntobe  prnMure  and  the  radial 

ff^ TlT^  jCiliiwn     By  tumtag  stopcock  <  |»o|>«f<ty  the  igretsoi  is  elhiettl 

to  Mt.J^'^^Iai^itmlh  the  air  through  a  capiOanr  opening,  h.    OwiMaiwlIf 

ihai^^ttMH^^'^pHi  the  artery  la  the  ann  falls  alo«|y.  and  by  palpalfag  lie 

tbe  MaiadiiMstu  If  edkal  Socarty.** 

"  rwcueJiMs  of  the  Aam^ 
wl-JohaeHopMwniiniilall 
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artery  one  can  determine  the  preaaurc,  as  mettsure<l  by  the  mercury 
leter,  at  which  tho  nuW  just  gets  thrnuKh.  T\m  pri'SNuri^  will  niwisiire 
>xiniiitely  the  systolic  |)rt's.siin\  Tlir>  wrorul  met  hud  (tuethod  of  v. 
Kccklinjiluuisrn)  give?;  hiehcr  fiml  lioubtloss  more  art-iirati-  rct^itlt.s.  In  tliis 
llTii-tlLtMi  tlie  pressure  is  ;ii  first  raised  alKivo  sy.vtnhc  [iresniire  witli  st<i}M'ockD 
"  and  g  om'n.  a,  e,  and  l>  arc  under  tliir  same  preR«un'.  If  stopcijck  g  i-s  now 
irnwl  on,  the  piikitirms  in  <i  are  transmitted  to  e  and  through  it  to  tl»e 
3ur,  h,  and  the  lever  of  tiie  tanihour  writes  these  pnlcntions  t>n  a  kynin- 
Sion.  It  should  be  »'\phiine(I  that  pulsations  are  obtained  even  wlien 
f>e  pressure  on  the  arm  is  mueh  more  than  suflit  icnt  t^)  cotuj>Iet^ly  obliienite 
^e  iiraehial  art«ry.  The  reason  for  this  is  tliat  the  pulsations  of  the  ecniral 
ttunp  of  the  closed  artery  will  be  communicated  to  bag  a.  When  the  pressure 
miprjujj'stoUc  these  pulsations  are  smiitl.  If  now  the  pressure  in  the  system 
<limini«he<l  slowly  by  turning  stopcock  i  so  a*  to  commimieate  wiili  the 
[capillary  opening,  k,  it  will  be  found  that  at  a  certain  point  the  pulsations 
iddenly  increase  in  heiglit  (Fig.  205).  This  point  marks  the  moment  when 
lie  pulse  wave  in  first  able  to  break  through  the  brachial  arterj',  and  it  gives, 
"itTcfore.  the  systolic  preaaure.  In  many  cases  this,  methotl  of  determining 
e  point  of  systolic  oresstireis  not  »a1isfactf>r>',  since  the  pulse  waves  increase 
tauaily  in  amplitude  withmit  a  sudden  break,  or  perhaps  there  is  more 
•j&n  one  place  at  which  a  sudden  increase  occurs.  A  more  reliable  method 
^rding  tn  Krlanger  is  to  note  the  point  at  which  the  ascending  and  dcHcend- 
limb«  of  the  pulse  wave  show  a  noticeable  separation  (Fig.  205).  "At 
le  moment  the  preasure  on  the  artery  fails  below  systohc,  blood  succeeils  in 
laking  it**  way  beneath  the  cufT.  This  nmat  be  sqiicezeii  out  Iwfore  the  lever 
can  return  to  the  baae  line,  wherea.*i  at  higher  pressures  the  Sever  ifi  rais<>d 
only  through  the  hydraulie-ram  action  of  the  pulse  wave  upon  the  upper 
edge  of  the  ctifT."  .'^ftcr  finding  the  nystolic  pressure  the  iliastohc  pressure 
is  obtained  by  allowing  the  pressure  to  drop  Htill  further.  The  pulsations 
increase  in  height  to  a  ma.vinnmi  size  and  then  decrease.  The  pressure  at 
whicli  the  maximum  pulse  wave  is  obtained  marks  the  dia.'^tolie  t>^fs^sure. 
It  is  better  t^erhapti  in  dropping  the  pre8*>ure  for  this  last  purixjsf  l<i  mani[>ii- 
late  stopcock  i  so  as  to  drop  the  pressure  5  nuns,  at  a  time,  rec<irding  the  pulse 
^  wave  at  each  pressure.  In  this  way  a  record  is  obtained  such  its  is  given  in 
~ig.  202.  It  should  be  added,  also,  that  in  order  to  keep  the  lever  of  the 
jubour  horizontal  while  the  pressure  in  tlie  system  is  being  lowered  there 
a  minute  pinhole  in  the  niftal  bottom  of  the  taml>our-  Tlirough  this 
inhole  the  pressure  in  the  tambour  and  chamber,  /,  is  kepit  atmospheric 
iiroughotit,  except  during  tlie  miick  changes  caiiseci  by  the  pulse  waves. 
1y  means  of  thi»  instniment  une  can  determine  within  u  minute  or  sii  the 
nount  nf  the  systolic  and  diast^dic  pressure  in  t])e  brachial  arterj',  and  als(.>, 
nnirae,  the  difference  Ivctween  the  two,  the  pulse  pressure,  which  may  be 
Iten  as  an  indication  of  the  force  of  the  heart -beat. 

Auscultation  Method. — Korf)tkofT  haa  Buggcstwl  a  simple  and  apparently 

itisfarforv'  method  of  detecting  the  systolic  and  the  diastolic  pressure.     He 

,  atetnoscope,  which  is  placed  over  the  hra^'hial  artery  just  below  the  cuff. 

Ensure  in  the  cufT  is  raised  above  that  necessary  to  obliterate  the  artery 
Icly,  and  is  then  allowed  to  fall  slowly.     Ai  the  moment  that  the  first 

puhe-wave  breaks  through  the  artery  a  sound  is  heard  throtigh  the  stethoscope 
—.And  a  reading  of  the  manometer  at  this  mint  gives  Hystolic  pressure.  Aa 
■the  pr^eeure  falls  the  sound  i.s  hesird  synchronous  with  each  heart-beat,  but 
Bbccoining  fainter  and  fainter — the  pressure  at  whirh  the  sound  is  last  he»rd 
^b^Uir  tIJafitolic  preaaurf.  It  would  sw^m  probrtble  that  the  origin  of  the  sound 
^P'4ifr  be  traced  to  the  vibration  of  the  vessel-walls  and  surrounding  tissues 

OMWnd  by  the  sudden  separation  of  the  endothelial  aurfaces  as  the  pulse-wave 

breaks  through. 

P      The  Normal  Arterial  Presstire  in  Man  and  its  Variations. — 

■By  means  of  one  or  other  of  the  in,strurnent.s  devised  for  the 

^>iirpot<e,   numerous   results   have   bec^n   obtained   regarding   the 

blood'preasure   in   man  at    diflFerent    ages  and    under   varying 
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normal  and  abnormal  conditions.  Unfortunately  the  methods 
used  have  not  always  been  complete.  Some  authors  give  only 
systolic  pressures,  for  example.  In  such  experiments  also  a 
troublesome  factor  is  always  the  psychical  element.  The  mental 
interest  that  the  individual  experimented  upon  takes  in  the 
procedure  almost  always  causes  a  rise  of  pressure  and  perhaps 
a  changed  heart  rate.  Results,  as  a  rule,  upon  any  individual 
show  lower  values  after  the  novelty  of  the  procedure  has  worn 
off  and  the  patient  submits  to  the  process  as  an  uninteresting 
routine.  It  should  be  remembered  also  that  in  measuring 
arterial  pressures  in  man  the  measurements  must  always  be 
made  at  the  level  of  the  heart,  as  is  usually  done,  the  brachial 
artery  being  selected,  or  if  other  arteries  are  employed,  an  allow- 
ance must  be  made  for  diflferences  in  level.  (See  paragraph 
on  the  Hydrostatic  Effect,  p.  506.)  Under  normal  conditions 
Potain*  estimated  the  systolic  pre.ssure  in  the  radial  of  the  adult 
at  al)out  170  mms.  of  mercury  and  the  variations  for  different 
ages  he  expressed  in  the  following  figures: 

Arc 6-10        lii        20        25        30        40        50        60        80 

I'roasure  ^8y8»olicK    89      135      150      170      180      190      200      210      220 

Without  the  other  side  of  the  picture — that  is,  the  diastolic  pre»« 
sxire  and  the  force  of  the  heart  beat  (pulse  pressure) — it  is  difhcult 
to  interpret  these  figures.  The  rapid  increase  up  to  maturity 
prolmbly  represents  chiefly  the  larger  output  of  blood  from  the  heart: 
the  slower  and  more  regular  increase  from  maturity  to  old  age  is 
(hie  |x>.'wibly  to  the  gradual  hanlening  of  the  arteries,  since  the  less 
elastic  the  arteries  l)ecome.  the  greater  will  he  the  systolic  rise  with 
each  heart  l)eat.  With  his  more  complete  apparatus  Erlanger 
reixirts  that  in  the  ailult  (20  to  25),  when  the  psychical  factor  is 
exclude*!,  the  average  pressure  in  the  brachial  is  110  mms.,  s>'Stolic, 
and  65  nun-*.,  diastolic. — figure.**  much  lower  than  those  given  by 
Potain.  V«>n  Hecklinghausen's  figures  for  the  same  artery  are. 
systolic  pn\>^ure  llt>  mms.  Hg.  «lia.««t<)lic  pres.«!ure  7.'i  mni.'«.  Hg. 

Krlangt^r  an«l  Hooker  report  observations  upi>n  the  effect 
of  meals,  of  baths,  of  posture,  the  diurnal  rhythm,  etc.f 

The  effect  of  meals  is  pjirticularly  instructive  in  that  it  illustrates 
fttlmirably  the  play  of  the  com|iensator>-  mechani.-'ms  of  the  circu- 
lation bv  means  of  which  the  heart  and  the  bUxxl-vessels  are  ad- 
just«>l  to  each  (»ther*s  activity.  Puring  a  meal  there  is  a  dilatation 
of  the  bUH»<l-v«»:5*»^ls  in  the  aUlominal  area,  or.  as  it  is  frequently 
<*alK»d  in  phvsiolog.v.  the  splanchnic  area,  since  it  receives  its 
va.««»>mi»ti»r   filn^rs   thn>ugh    the   splanchnic   nerve.      The  natural 

•  ■■  l-»  |>n><«sion  i%norioUo  dc  \'\ummw."  Paris.  1902. 

♦  r.rl.inK<<r  .tmi  I ii»«»l>«''">  "  ri>»>  .lohiis  Hopkino  HoKpiiai  Roport,"  vol.  jdi.. 
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feci  of  this  dilatation,  if  the  other  factors  of  the  circulation 
remained  constant,  would  be  a  fall  of  pressure  in  the  aorta  and  a 
diminution  in  blood-flow  to  other  organs,  such  as  the  skin  and  the 
brain.  This  tendency  sepms  to  be  compensated,  however,  by  an 
increased  output  of  blood  from  the  heart.  Observations  with  the 
sphygmomanometer  show  that  after  full  meals  there  is  a  marked 
increase  in  the  pulse  pressure,  indicating  a  more  forcible  beat  of  the 
heart.  So  far  as  the  effect  on  the  heart  is  concerned,  the  result  of  a 
meal  is  similar  to  that  of  muscular  exercise,  and  this  reaction  may 
account  for  the  fact,  not  infrequently  observed,  that  in  elderly 
people  whose  arteriee  are  rigid  an  apoplectic  stroke  may  follow  a 
heavy  meal. 

The  Method  of  Determining  Venous  Pressures  and  Capillary 
Pressures  in  Man.-- A  nuniiter  of  niethitds  have  been  proposed 
fi)r  ilcterminiiig  venous  pressures  in  man,  the  simplest  being 
that  described  by  Gaertner.*  It  consists  .simply  in  raising 
slowly  the  arm  of  the  patient  until  the  veins  on  the  back  of  the 
hand  just  disappear.  The  height  above  the  heart  at  which  this 
[occurs  gives  the  venous  pressure  iu  the  right  auricle,  siiire  the 
'vein  may  be  considered  ».s  a  manometer  tube  ending  in  the 
auricle.      In    this   and    in    other    methods  of   measuring   venous 


Fig.  XtIS  -    1..  iilii-ttntc  ilio  niethiKl  nf  nipai<unnu  vpiitaiH  iir«^urc:     //,  The  back  of 
i  tl»*  IuukI  in  whicli  a  miutlp  vein  in  reprcnented;   fl,  the  rircular  rubti«r  bate  witli  rvttlmi 


np«n~>r<R.  «J>J  wilt)  a  tub*".  T.  whicli  tfad."  to  the  pump  and  tli»  nuuioinrteri  (7,  Riauu  pUli? 
bWrl  Mvrr  llir  rubb<>r  bo^^  'I'lie  ban,  B.  in  blown  up  by  pmwure  tlirounh  tlic  tube  T  until 
Ihi"  v«'in   i«  fdllapneii.  _    lli<>  |»rc-«iire  ikt  which  thin  occur*,  or  llif'  pre»,«urt'  at  which  the 


I 


I  vnn  rraiipeur?  aa  the  bag  is  alJowed  to  empty,  givet  the  prautire  within  the  vein. — Iron 


ipres.sures,  and  the  same  is  true,  of  course,  of  arterial  and  capillary 
I  pressures,  there  must  l>c  some  agreement  a.s  to  what  ctmstitutes 

the  heart-level,  since  the  highest  and  lowest  points  of  the  heart 

when  the  individual  is  standing  or  sitting  may  differ  by  as  much 

^Iks    15    centimeters,      von    Kecklinghausen    projioses   the    level 

nade  by  a  dt>rsoventra!    line  drawn   from  the  bottom  of   the 

»tt*rnuin  (costal  angle)  to  the  .spinal  colutiui.  This  authorf  luus 
'devLscd  a  simple  apparatus  for  determining  venou,s  and  capillary 

pres.«iures,  the  principle  of  which  is  shown  by  the  sclienia  repre- 
[eented  in  Fig.  206. 

•  "  .Mupiich.  rnwJiz.  Wofhcn.'^rhrift,"  190'^.  1904. 

t  Von  Rocklinghaujton,  "Archiv  f.  »*xpor.  Hathol.  u.  Phartnakol,"  55,  470, 
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A  circular  bag  of  thin  rubber  with  a  diameter  of  about  5)  cm.  is  provided 
with  a  central  opening  of  2  cm.  The  bag  is  connected  with  a  pump  so  that 
it  can  be  blown  up,  and  the  degree  of  pressure  exerted  is  measured  by  an 
attached  manometer.  This  bag,  moistened  with  glycerine,  is  Itdd  upon  a 
vein,  as  represented  in  the  diagram.   It  is  covered  by  a  glan  plate  held  finn^ 


Fig.  2U7. — Apparatus  for  drtermininit  venous  biood-pmaim  in  man:  B.  Th*  bos 
with  kIbiw  t«>p  for  puttinK  pmwurp  on  ihr  v«n:  the  details  arCabown  in  the  raoaH  ficoi* 
(Fie.  3>,  in  wliirh  1  i>how-  the  aluniimum  box;  2,  the  bram  coUar  whieli  fits  OT«r  I  and 
hold>  in  pla«e  the  perforate<l  sheet  i>(  rubber  (lam:  3,  which  fonn*  the  bottocn  of  the  box 
and  i»  forced  down  on  the  vein.  K.  pirN«urp  bulb  for  inrreaotnc  preaeure  in  the  box  untfl 
the  vain  i*  cbliteimted.      G,  water  manometer  to  meastire  the  prewiira.      lEwittr  ami 

in  iKwitiun  and  the  bag  is  then  blown  up  until  the  vein  disappears:  the  pmsurp 
at  whirli  this  liappen.^  ii>  shi»wn  by  the  manometer  and  marks  the  preaaure 
within  the  vein.  .\  convenitnit  iniHlification  of  this  apparatus  which  has 
lieen  dtt«cnbetl  by  Kj-stor  anvl  HiHiktT*  Ls  shown  in  Fig.  307.  The  box.  B, 
tiMHl  ft>r  rtHuprvKsincr  tlio  voin  i>  o«»nnert*Hl  by  rubber  tubing  with  a  rubber 
manonH'ter.  u,  and  :i  pret»tin>-bulb.  E.  The  structure  of  the  pressure  box  is 
shown  in  tlie  snialitT  figure.  It  rt>a'<ists  of  an  aluminum  frame  or  box.  tfae 
t«»p  ;»n«l  on»'  sitle  of  which  are  maiie  of  gla.^.  t^ie  of  tin?  sides  is  perforated 
bv  u  tiiln-  whirl)  tntnntt'ts  with  the  nuinoinotrr.  as  shown  in  the  larger  figure, 
"rtie  fraitw  i.s  cut  ^^av  <»n  two  «idt>s.  s<i  that  when  it  is  tied  upon  the  ann  the 

•  Eyster  an«l  KotTkrr,  "  The  Johns  Hopkins  Hoi^tal  Bulletin,"  274,  1908. 
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vein  will  not  be  compressed.  Over  the  bottom  of  this  frame  is  laid  a  thin 
"he<et  of  nil)lKT  <lani,  '.i,  with  a  ttfilo  cmt  in  tin'  renter,  and  tlu-  aluiniimm  frame 
with  its  rubber  bottom  iw  llicii  set  intu  a  closf-IittinK  brass  frame,  2,  wliidi 
wrv'ca  to  kcc[>  rite  rubbi-r  mcinbrjiin'  in  plan-  Whpn  piared  in  iinsition  uixitj 
the  arm  the  nibb^r  dam  liot  ufton  tho  xc'm  and  fjn'ssps  U[>ijn  it  a-s  thn  pri*fl«ure 
is  raisod  in  iho  biix.  Tlic  "ci-iti  ifi  »»bsi>rv(>d  througli  the  iclaHe  top  ami  thf  hole 
in  the  nibber,  and  the  pressure  at  which  it  is  juHt  obliterated  is  read  from  the 
manomfter. 

With  mstriiments  of  this  kinrl  the  degree  of  pressure  neces- 
sary to  obliterate  a  given  vein  in  the  arra,  hand,  or  foot  can 
be  determined  readily  in  terms  of  a  colutnn  of  water,  but  it 
is  obvious  that  for  any  given  vein  this  pressure  will  vary  with 
the  position  of  the  vein.  When  the  hand  hangs  pendent  at 
the  side  the  pressure  within  its  veins  will  be  greater  than  when 
the  hand  is  raised  to  the  heart-level.  The  pressure  actually 
measured  for  any  given  position  of  the  hand  or  foot  must, 
therefore,  be  corrected  for  the  heart-level  by  determining  the 
vertical  distance  between  the  vein  and  tlie  heart  (costal  angle), 
and  subtracting  this  distance,  expressed  in  centimeters,  from 
the  pressure,  also  expressed  in  centimeters,  which  was  fotind 
necessary  to  ol>literate  the  vein.  Mea.surements  made  by  this 
method  and  corrected  for  the  heart-level  show  that  in  the  normal 
person  the  pressure  within  the  small  vein.s  of  tiie  hand  or  arm 
may  vary  between  3  and  10  centimeters  of  water.  Unusual 
or  pftthojogical  conditions  which  cause  a  congestion  in  the  venous 
side  of  the  heart  will  raise  the  venous  pressure  correspondingly 
to  20  centimeters  or  more.* 

Wlipn  tlie  venous  preeaure  m  measured  in  the  small  veinK  of  the  feet  in  a 
penon  while  standing  we  should  suppose  that  after  a  reduction  to  the  lieart 
level  it  would  be  about  the  same  a.^  that  noted  for  the  veins  of  the  liands, 
■noe  the  veeeelB  are  of  alx>ut  the  »ame  order  with  reference  Ut  their  distance 
from  the  capillary  bed.  In  a  series  of  observations  of  this  kind,  rei^torteil  by 
von  ReeklinghauHt^n,  it  was  found,  on  the  contrary,  that  after  subtracting  the 
distance  between  tlie  foot  and  the  heart,  the  pressure  within  the  veins  wan 
nci^tive  by  as  much  as  40  cm.  The  author  explains  this  unexpected  result 
by  supposing  that  the  flow  through  the  foot  got  up  only  enough  pressure  in 
the  veins  to  lift  the  blood  to  llie  level  of  the  fjelvis,  and  that  lh«-  complete 
closure  of  the  venous  valves  at  this  level  protected  the  veins  from  the  full 
prviKure  of  the  column  of  blooit .  Eventually,  no  doubt,  the  pressure  in  the  veins 
would  have  risen  sutficieutly  to  lift  the  hltKKl  to  the  tieart-h-vel,  but  il  seems 
probable  that  under  the  ordinary  t:'ondifions  of  life  this  result  is  effei-led  by 
the  cooperation  of  the  museli-M  nf  the  legs  and  the  rcapiratory  movements  of  the 
thomx  (aee  p.  508).  The  eontrartinns  of  th«>ie  muscles,  ai<le<l  by  the  venous 
valves,  squeeze  the  bloo-1  upward  to  the  heart.  The  fact  that  in  standing 
quietly  the  flow  through  the  feet  may  he  suspepili'd  or  impe<letl,  for  »  time 
at  least,  throws  some  light,  as  von  Keeklinghausen  suggests,  ujwn  the  fact 
that  it  is  so  difhcult  to  stand  for  any  huigth  of  time  without  moving. 

The  apparatus  described  above  may  bo  used  for  determining 
c&pUlar>'  «»*  wfiJl  ^  venous  pressures,  according  to  the  principle 

•For  a  dcMcription  of  some  pathologirjil  cases,  see  Eyster  and  Hooker, 
toe.eit. 
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described  on  p.  489.  For  this  purpose  the  pressure  box  is 
upon  a  given  skin  area  and  the  pressure  is  raised  until  the ! 
beneath  is  blanched.  The  pressure  is  then  lowered  slowly  u 
the  skin  again  reddens,  showing  the  reestablishment  of  the  <a 
lary  flow.  The  pressure  thus  obtained  is  corrected  as  descri 
for  the  level  of  the  heart.* 

*  For  some  tehnical  details,  see  von  Recklinghausen,  loc.  cU. 
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IHE  PHYSICAL  FACTORS  CONCERNED  IN  THE  PRO- 
DUCTION OF  BLOOD-PRESSURE  AND  BLOOD- 
VELOaTY. 

In  the  preceding  pages  some  of  the  essential  facts  have  been 
Kited  regarding  the  pressure  and  the  \'elocity  of  the  lilood  in  the 
iifferent  parts  of  the  vascular  system.  We  may  now  cnnstder  the 
ihygifal  factors  that  are  responsible  for  the  production  and  tnainte- 
Btme  of  these  peculiarities.  The  problem  as  it  actually  exists  in  the 
btulation,  with  its  elastic  vessels  varying  in  size  from  the  aorta, 
ith  an  internal  diameter  of  nearly  20  mms.,  to  the  capil- 
*ie8,  with  a  diameter  of  {).W9  mm.,  is  extremely  complex,  but  the 
taeral  static  and  dynamic  principles  involved  are  simple  and  easily 
iderstootl. 
Side  Pressure  and  Velocity  Pressure. — When  water  flows 
tough  a  tube  under,  let  us  say,  a  constant  head  of  pressure  it 
Bounters  a  resistance  due  to  the  friction  between  the  walls  of  tlic 
Isel  and  the  particles  of  water.  This  resistance  will  be  greater, 
*  narrower  the  tulje.  A  part  of  the  head  of  pressure  used  to  drive 
I  liquid  along  the  tube  will  lie  used  in  overcoming  this  resistance 
Its  movement,  anfl  the  volume  of  the  outflow  will  be  correspond- 
%y  diminishetl.  If  we  use  an  apparatus  such  as  is  represented  in 
^  208,  consisting  of  a  reservoir,  H,  and  a  long  outflow  tulie, 
S,  3,  4,  5,  the  outflow  from  the  end  and  the  pressure  along  the 
be  may  be  measured  directly.  We  must  supjiosc  that  the  head 
pressure — that  is.  the  height  of  the  water  in  //—is  kept  constant 
'aome  means.  The  resistance  or  tension  due  to  the  friction  in  the 
be  may  be  measured  at  any  point  by  inserting  a  side-tube  or 
Oge  (piezometer)  at  that  [»otnt.  The  liquid  will  rise  in  this  tube 
A  level  corresponding  to  the  jtressure  or  resistance  offerefl  to  the 
jvement  of  the  liquid  at  that  jioint — that  is,  the  weight  of  tiie 
tunm  of  liquid  will  measure  the  pressure  at  that  point  upon  a 
|face  corresponding  to  the  cross-area  of  the  tube.  The  pressure 
jlension  at  any  point  niay  be  sjKjken  of  as  the  side  pressure  or 
tral  pressure,  and  it  ex]>resses  the  amount  of  resistance  offered 
the  flow  of  the  liquiti  Iwrause  of  the  friction  exerted  up<»n  the 
Irr  by  the  walls  of  the  tulie  between  that  point  and  the  exit. 

side. pressure  increases  in  a  straight  line  from   the  point  of  exit 
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to  the  reservoir,  and  this  in  general  is  the  picture  presented  by 
the  circulation.  The  reservoir,  the  head  of  pressure,  is  represented 
by  the  aorta,  the  exit  for  the  outflow  by  the  opening  of  the  veiue 
cavse  into  the  right  auricle,  and  the  side  pressure  or  internal  tension 
of  the  blood  due  to  friction  against  the  walls  of  the  vessels  increases 
from  the  vense  cavse  back  to  the  aorta.  If  from  aorta  to  vena  cava 
the  vessels  were  of  the  same  diameter  the  increase  would  be  in  a 
straight  line,  as  in  the  case  of  the  model.  In  this  model  it  will  be 
noticed  that  the  straight  line  showing  the  side  pressure  does  not 
strike  the  top  of  the  column  of  liquid  in  the  reservoir,  but  cone- 
sponds  to  a  certain  height,  h'.  This  expresses  the  fact  that,  of  the 
total  head  of  pressure  in  the  reservoir,  which  we  may  designate  as 
Ht  a  certain  portion  only,  but  a  large  portion,  h',  is  used  in  over- 


FiK.  208. — f^hnna  tn  illuatrate  the  ntle  prewure  due  to  resiirtanoe,  and  the  vdocitr  praa- 
Bure  {.TiomltdO:  H,  A  reiwrvftir  rontaining  wat«r:  1,  2.  3.  4,  S,  the  outflow  tuba  with 
Itauxmt  set  at  rixht  ancles  to  measure  the  side  pressure;  A',  the  portion  of  the  total  picaaiB* 
used  in  overrominK  the  resistance  to  the  flow;  A,  the  portion  of  the  total  picanir*  uaed  ia 
juovinc  the  column  of  liquid— the  velocity  preasure. 

coming  the  resistance  along  the  tul)e.  What  is  left — that  is,  H-k', 
represents  the  force  that  is  employed  in  driving  the  liquid  through 
the  tul>e  wit  h  a  certain  velocity ;  this  |X)rtion  of  the  pressure  we  may 
speak  of  as  the  relocity  presiture,  h.  If  in  measuring  the  side  pressure 
at  any  point  the  gauge  were  prolongc<l  into  the  tube  and  bent  so  as 
to  face  the  stream,  this  velocity  pres.sure  would  add  itself  to  the 
side  presstire  at  that  }K)int  and  the  water  would  rise  to  a  higher 
level  in  thi.«i  {wirticular  tulx;.  There  are  two  imimrtant  differences 
l)etween  the  circulation  as  it  exists  in  the  body  and  that  repre- 
sented by  the  mtxlel.  In  the  IkhIv.  in  the  first  place,  we  have 
the  area  of  capillaries,  .small  arteries,  and  veins,  intercalated  be- 
tween the  large  arterites  on  one  side  and  the  veins  on  the  other; 
and.  in  the  second  place,  the  vessels,  esjxx'ially  the  arteries,  are 
extensible  and  elastic.    The  effect  caused  by  the  first  of  these 
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factors — namely,  a  great  resistance  placed  in  the  middle  of  the 
course — may  be  illustrated  by  the  model  shown  in  Fig.  209,  wliich 
differs  from  that  in  Fig.  2Q8  in  having  a  stopcock  in  the  outflow 
tube,  which,  wheu  partly  turned  oiT,  makes  a  narrow  opening  and  a 
relatively  great  resistance.  When  the  stopcock  is  open  the  pressure 
falls  equally  throughout  the  tube,  provided  the  bore  of  the  stopcock 
is  equal  to  that  of  the  tube.  If,  however,  it  is  partially  turned  the 
side  pressure  is  much  increa-scil  between  it  antl  the  reservoir  on  what 
we  may  term  the  arterial  side  of  the  schema,  and  it  is  correspond- 
icgly  diminished  between  the  stopcock  and  the  exit,  on  the  venous 
side  of  the  schema.  Substantially  this  condition  ])revails  in  the  body. 
The  capillar)'  region,  including  the  smallest  arterioles  and  veins, 
offers  a  great  resistance  to  the  flow  of  blood,  anil  this  resistance  is 
spoken  of  in  physiology  as  the  peripkeral  resistance.     Its  effect  is  to 


I 


Fig.    2(t0. — SchemA  like  the  ^rec*.linj{  except  that  a  stopcock  fe  inserted  at  the  middl* 
of  the  oulfiow  •«  imitate  the  penpheral  retttnuuioe  of  the  capillary  area.     The  relations  of 
th«  intenuil  pmwure  on  the  arterial  and  vaoous  aides  of  thia  special  resi^itanoe  is  ihowo  by 
of  the  wi 
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raise  the  pressure  on  the  arterial  side  and  lower  it  on  the  venous  side. 
When  other  conditions  in  the  circulation  remain  constant  it  is  found 
that  an  increase  in  peripheral  resistance,  caused  usually  by  a  con- 
striction of  the  arterioles,  is  followed  by  a  rise  of  arterial  pressures 
and  a  fall  of  venous  pressures.  On  the  contrary,  a  dilatation  of  the 
aitenoles  in  any  oi^an  is  followed  by  a  fall  of  pressure  in  Its  artery  or 
arterieB  and  a  rise  of  pressure  in  its  veins.  The  effect  of  the  elastic- 
ity of  the  arteries  is  of  importance  in  connection  with  the  fact  tlmt 
in  reality  the  circulation  is  charged  with  blood  not  from  a  constant 
reservoir  as  in  the  models,  Figs.  208  and  209,  but  by  the  rhythmical 
beats  of  the  heart.  If  the  vstscular  system  were  perfectly  rigid  each 
rhythmical  charge  into  the  aorta  would  l>e  followed  by  an  e<:iual  dis- 
cliarge  from  the  vena;  cavse,  the  pres.siire  throughout  the  system 
would  rise  to  a  high  point  during  systole  and  fall  to  zero  during  the 
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diastole.  The  elasticity  of  the  arteries,  in  citnnection  with  the 
peripheral  resistmice,  makes  an  important  difference.  As  the  heart 
discharges  into  the  aorta  the  pressure  riises,  but  the  walls  o(  the 
arterial  system  are  distended  by  the  increased  pressure,  and  during 
the  following  diastole  the  recoil  of  these  distended  walls  maintains 
a  flow  of  btood  through  the  capillaries  into  the  veins.  With  it 
certain  rapidity  of  heart  beat  the  distension  of  the  arterial  walls  is 
increased  to  such  a  jioint  that  the  outflow  thnaigh  the  capillaries 
into  the  veins  is  as  great  during  diastole  as'  during  systole;  the 
rhythmical  fiow  in  the  arteries  Ijccomes  con^'erted  by  the  elastic 
tension  of  the  overfilled  arterial  system  into  a  continuous  flow  in 
the  capillaries  and  veins.  This  effect  may  be  ilhistratetl  by  a  simple 
schema  such  as  is  represented  in  Fig.  210.  A  syringe  bulb  (a),  ref)- 
resenting  the  heart,  is  connected  by  a  short  piece  of  nd^ijer  tubing  to  a 
glass  tube  (b),  and  also  by  a  piece  of  distensible  band  tubing  (<)  with 


Fig.  210. — Simple  »chcma  lo  illufltmtc  the  factors  proilucinK  b  conHtant  faemd  of  i«ro^ 
sure  in  Che  arterial  HyNlmu:  a,  A  ayriiiKG  hulb  with  valvfes,  repreaentiog  the  be&rt;  b,  l^t^ 
tube  with  fine  point  reprenentinga  path  with  reaifit*noe  alonp.  but  no  cjtlensiibility  (the  out-_^S| 
flow  ia  iti  spurts  synchronous  with  the  rtroki^s  nf  the  pump) ;  r,  outflow  with  rtwuiUuioe  an^^^ 
also  exteii-iible  an<l  e!anlic  walla  repmseiitetl  by  the  laree  rubber  bai;,  «  ;  the  uutflow  is  ^^"^ 
sreody  etre&iu  due  to  the  ela<itic  recoil  of  the  dlstotided  bag,  e. 

a  similar  glass  tube  drawn  to  a  fine  point  (c).  In  the  latter  case  th^ 
distensible,  elastic  tubing  represents  the  arterial  system,  and  ther^ 
fine  pointed  glass  tube  the  peripheral  resistance  of  thf  capillary  area. 
If  the  syringe  bulh  is  put  into  rhythmical  play  and  the  how  is  directed 
through  ticibe  h  the  discharges  are  in  rhythmical  spurts,  hut  if 
flii-ected  through  tute  c.  the  <lischargr  is  a  contiinious  stream, 
since  the  force  of  the  separate  beats  l>ecomes  stored  a.s  elastic  tension 
in  the  walla  of  the  band  tubing,  and  it  is  this  constant  force  which 
drives  a  steady  stream  through  the  capillan,'  point.  In  a  general 
way,  this  schema  gives  us  a  true  picture  of  the  conditions  in  the  cir- 
culation. The  rh\  thmical  force  nf  the  heart  beat  is  st-ored  as  elastic 
tension  in  the  walls  nf  the  arteries,  and  it  is  the  squeeze  of  these 
distended  walls  which  gives  the  continuous  driving  force  that  is 
responsilile  ft>r  the  constant  flow  in  the  capillaries  antl  veins. 

Enumeration  of  the  Factors  Concerned  in  Producing  Nor- 
mal Pressure  and  Velocity. — In  the  normal  circulation  we  may 
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B»y  tliat  four  chief  factors  co-operate  in  producing  the  conditions 
of  pressure  and  velocity  as  we  fintl  tliem.  These  factors  are:  (1) 
The  heart  beat.  (2)  The  resistance  to  the  flow  of  blood  through  the 
vessels,  and  especial!}-  the  periphernt  resistance  in  the  region  of  the 
small  arteries,  capillaries,  and  small  veins.  (3)  The  elasticity  of 
the  art-eries.  (4)  The  quantity  of  blood  in  tlie  system.  The 
way  in  which  these  factors  act  may  be  picturerl  as  follows:  Suppose 
the  system  at  rest  with  the  clefinite  quantity  of  blood  distributed 
equally  throughout  tlie  vascular  system.  The  internal  or  side 
pressure  tliroughout  the  system  will  be  everywhere  the  same, — 
probably  zero  (atmospheric)  pressure,  since  the  ca|mcity  of  the 
vascular  system  is  suflicient  to  hold  the  entire  quantity  of  blood 
without  distension  of  its  walls.  If,  now,  the  heart  begins  to  beat 
with  a  definite  rhythm  and  discharges  a  definite  quantity  of  blood  at 
each  beat  the  whole  mass  will  be  set  into  motion.  The  arteries 
receive  the  bkxjd  more  nipitUy  tlian  it  can  esca|>e  throng) i  tlie  capil- 
laries into  the  veins,  and  consequently  it  accumulates  upon  the 
arterial  side  until  an  equililmum  is  reacherl, — that  Ls,  a  pt>int  at 
which  the  elastic  recoil  of  the  whole  arterial  tree  suffices  to  force 
through  the  capillaries  in  a  imit  of  time  as  much  blood  as  is  received 
from  the  heart  during  the  name  time.  In  tliis  conilition  of  equili}> 
rium  the  flow  in  capillaries  and  veins  is  constiint,  and  the  side 
pressure  in  the  veins  increases  from  the  right  auricle  back  to  the 
capillaries.  In  the  arteries  there  is  a  large  side  pressure  throughout, 
owing  to  the  resistance  between  them  and  the  veins  aiut  especially 
to  the  great  resist^mce  oiTered  by  the  narrow  capillaries.  This 
pressure  rises  and  falls  with  each  discharge  from  the  heart,  and  the 
pulse  waves,  lx)th  as  regards  pressure  and  velocity,  are  most  nmrked 
in  the  aorta  and  diminish  farther  out  in  the  arterial  tree,  failing 
completely  in  the  last  small  arterioles,  since  if  taken  together  these 
arterioles  constitute  a  large  and  distensible  tube  of  much  greater 
capacity  than  the  aorta. 

General  Conditions  Influencing  Blood-pressure  and  Blood- 
veloc^ty. — .\lterati">ns  in  any  of  the  four  chief  factors  mentioned 
above  must,  of  course,  cause  a  change  in  pressure  and  velocity. 

I.  An  inerea.se  in  the  rate  or  force  of  the  heart  be^it  will  increase 
the  velocity  of  the  flow  thn)ugh(nit  the  system,  although,  of  coiirse, 
that  genenil  difference  in  velocity  in  the  arteries,  capillaries,  and 
veins  which  dejx^nds  upon  the  varialions  in  width  of  bed  will  remain. 
Such  a  clrnnge  will  also  cause  a  rise  of  pressures  throughout  the 
system.  The  energ>'  exhibited  in  the  va.*icular  system  as  side  pres- 
sure, velocity  pressure,  etc.,  convs.  in  the  long  run.  mainly  from 
the  force  of  contraction  of  the  heart  muscif-.  This  force  is  what  is 
represente<i  in  the  model.  Fig.  20H,  as  the  tntiil  head  of  pres.sure  (  H). 
An  increase  in  rate  or  force  of  heart-beat  is  equivalent,  therefore, 


DigitizGCl  by 


CIRCULATION  OF  BLOOD  AND  LTMPH. 

to  an  increase  in  this  head  of  pressure,  and  along  with  the  increase 
in  velocity  thug  caused  there  is  an  increased  friction  or  resistance. 

II.  An  increase  or  decrease  in  the  width  of  the  vessels  will 
influence  both  the  resistance  to  the  How  and  the  velocity.  Under 
normal  conditions  it  is  the  small  arteries  that  are  constricted  or 
dilated  (Tasoconstrirtion  and  vasodilatation).  A  constriction  of 
these  arteries  causes  an  increase  in  arterial  pressures  and  a  decrease 
in  venous  pressure.  The  velocity  of  the  blood-tiow  is  decreased. 
A  dilatation  has  the  opposite  effects.  Numerous  instances  of  this 
relation  will  be  referred  to  in  describing  the  physiologj"  of  the  vaso- 
motor nerves. 

HI.  A  diminution  in  elasticity  of  the  arteries  \»tJI  tend  to 
interfere  with  tlie  constancy  of  the  flow  from  the  arteries  into  the 
ca])illarie.s,  and  in  the  arteries  themselves  the  swings  of  pressure 
from  s>'stolic  to  diastolic  during  tlie  heart  lieat  will  be  more 
extensive.  This  latter  fart  can  be  shown  upon  elderly  individuals 
whose  arteries  are  Vjecoming  rigid,  but  whether  a  change  of  this 
character  is  ever  so  advancefl  in  human  beings  as  to  seriously  modify 
the  capillary  circulation  does  not  apjjear  to  have  been  investigated, 

IV.  A  loss  of  blood,  other  conditions  remaining  the  same, 
will  also  cause  a  fall  in  blood-pressures  and  velocity.  As  a  matter 
of  fact,  however,  a  considerable  amount  of  blood  may  be  lost  with- 
out any  marked  jieniianent  change  in  arterial  blood-pressure.  The 
reason  for  this  result  is  found  in  the  adjustability  or  adaptability 
of  the  va.scular  system.  It  is  in  such  re.s]>cpt^  that  the  syst«ni  differs 
greatly  from  a  rigid  scliema  such  as  we  use  for  our  models.  When 
blood  is  withdrawn  from  tlie  vessels  the  loss  may  Ik?  offset  by  an 
increased  action  of  the  heart  and  by  a  contraction  of  the  arterioles, 
the  two  effects  combining  to  give  a  normal  or  approximately  norrnal 
arterial  pressure.  To  carr\-  out  the  analog}-  witli  the  model  (Kig. 
208)  if  by  chance  some  of  the  store  of  water  was  lost  we  might  sul>- 
stiltite  a  narrower  reservoir,  so  that  with  a  diminished  stipply  we 
could  still  maintain  the  same  level  of  pressure.  In  the  body, 
moreover,  a  l(»^^8  of  blood  by  hemorrhage  may  Ik?  compensated  in 
part,  so  far  as  the  bulk  of  the  hquid  is  concerned,  by  a  flow  of 
liquid  fmm  t!ie  ti-ssues  into  the  blood-vessels. 

The  Hydrostatic  Effect,— In  tlie  hving  animal,  especially  to 
thoHP.  like  ourselves,  that  walk  upright,  the  actual  pressure  in  tlie 
arteries  of  the  various  tissues  must  var>-  much  also  with  the  position. 
For  instance,  in  standing  erect  the  small  arteries  in  the  hands  or 
foci  are,  in  aildition  to  other  conditions  noted  above,  exposed  to  the 
weight  of  tlie  column  of  arterial  blood  standing  over  them.  In 
thf  fx-ndent  arm  the  skin  of  the  fingers  is  congested;  if»  however, 
the  arm  is  rai.sed  aljove  the  head  the  skin  may  l>econ»c  blanched 
because  now  the  column  of  blood  from  fingers  to  shoulder 
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a  hydrostatic  pressure  in  the  opposite  direction.  In  determinations 
of  blood-pressure  in  the  brachial  arterj"  of  man  cure  should  be  taken 
to  keep  the  arm  in  the  same  position  in  a  series  of  observations  in 
order  to  equalize  the  effect  of  the  hydrostatic  factor.  The  impor- 
tance of  this  gravity  effect  is  most  evident  in  the  case  of  the  ab- 
dominai  (splanchnic)  circulation.  When  an  animal  accustomed 
to  go  on  all  fours  is  held  in  a  vertical  [X).sition  the  great  vascular 
area  of  the  abdomen  is  placed  under  an  increased  pressure  due  to 
gravity,  and,  unless  there  is  a  coiiijiensatory  contraction  of  the 
arterioles  or  of  the  abdominal  wall.  .s<.i  much  hhioil  may  accumulate 
in  this  portion  of  the  system  that  the  arterial  pressure  in  the  aorta 
will  fall  markedly  or  the  circulation  may  stop  entirely.*  In  most 
cases  the  comj>ensation  takes  place  and  no  serious  change  in  the 
circulation  restdts.  In  raljbits,  however,  which  have  lax  abdomina! 
walls,  it  is  said  that  the  animal  may  be  killctl  by  simply  holdiug  it 
the  erect  jMJsition  for  some  time.  For  the  same  reason  an  erect 
posture  in  man  may  be  dangerous  when  the  compensj\tory  nervous 
reflexes  controlling  the  arteries  and  the  tone  of  the  abdominal  wall 
are  thrown  out  of  action,  as,  for  instance,  in  a  faint  or  in  a  condition 
of  anesthasia.  In  such  conditions  the  recumbent  position  favors 
he  maintenance  of  the  normal  circxdation.  Indeed,  under  ordinary 
conditions  some  individuals  are  quite  seasitive  to  the  effects  of  a 
vertical  ix>sition,  especially  if  unaccompanied  by  muscular  or  mental 
activity,  and  may  suffer  from  giddiness  and  a  sense  of  faintness 
in  consequence  of  a  fall  in  general  blood-pressure.  It  seems  prol>- 
able  that  in  these  cases  the  gravity  effect  has  draftetl  off  an  undue 
amoimt  of  blood  into  the  splanchnir  area.  Individuals  who  have 
been  kept  in  Ijed  for  long  jieriods  by  sickness,  accident,  or  other 
causes  suffer  from  giddiness  and  unsteadiness  when  they  first 
attempt  to  stand  or  walk.  It  seems  quite  jmssible  that  in  such 
cases  the  effect  is  caused  by  a  fait  in  arterial  pressure  brought 
about  by  the  dilatation  in  the  splanchnic  area.  The  added 
weiglit  of  blood  thrown  on  these  vessels  ijy  the  effect  of  gravity 
not  compensated  by  a  vasoconstriction  of  the  arterl<iles  or  an 
creased  tone  in  the  abdominal  walls.  While  certain  general 
lucticms  of  the  kind  given  above  may  be  made  from  our 
nowledge  of  the  hydrodynamics  and  hydrostatics  tif  tlie  cir- 
ulttti«tu,  it  is  evident  that  in  partirular  cases,  whether  affecting 
pecial  organs  or  the  organism  as  a  whole,  it  is  necessary  to 
in  directly,  if  possible,  the  facts,  not  only  for  the  arterial 
ure  and  velocity  but  also  for  the  venf>us  pressure  and 
elocity,  in  order  to  draw  safe  conclusions  as  t*<  the  changes  in 
circulation.  In  all  observations  made  upi>n  man  it  is 
y  imp<.irtant  to  standardize  the  results  by  reducing 
*  flill  and  Barnard,   'Journal  of  Physiology,"  21,  321,  1897. 
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them  to  a  common  level.  The  artrrial  or  vemms  pre>wure  in 
the  foot  or  hand  of  a  man  standing  erect  is  iiicrea.sed  by  the 
hydrostatic  effwt  of  the  vertical  rolunin  (»f  blood  between  the 
point  measureil  and  the  heart.  Tliis  liydrtjstatic  efTe<'t  varies, 
of  ruurse,  for  the  different  parts  of  the  body,  and  to  compare  tlte 
pressures  in  the  different  arteries  or  veins  with  one  another  the 
vertical  distance  from  the  heart  should  be  nieasuretl  and  thin 
pressure  in  terni-s  of  a  cuhimri  of  water  ot  mercury  .should  be 
.suhtnu'ted  or  added,  as  the  case  may  be,  to  the  pressure  actually 
observed.  The  exact  level  ffir  which  these  measurements  should 
be  adjusted  has  varied  somewhat  in  practice;  to  simply  say  the 
heart-level  i.s  too  indefinite,  since  in  the  uprifjht  pi^sition  there 
is  a  consideralile  distance  lietween  the  level  of  the  base  and  of 
tfie  apex  of  the  heart,  von  Recklinghausen  recommends  the 
middle  of  the  <h>rsoventral  axis  drawn  from  the  lower  end  of  the 
sternum  to  the  spinal  column. 

Accessory  Factors  Aiding  the  Circulation. — The  force  of  the 
heart  beat  is  the  main  factor  concerned  in  the  movement  of  the 
l)lood,  but  certain  otlier  muscular  movements  aid  more  or  less  i^ 
raaintaininn  the  circulation  a.s  it  actually  existjs  in  the  living  aninio^* 
particularly  in  their  effect  upon  the  flow  of  blood  in  the  veif*'^- 
The  most  important  of  those  accessory  factors  an.'  the  respiratc**^ 
movements  and  the  contractions  of  the  muscles  of  the  liml>s  a.*^ 
vi.scora.     At  each  inspiratory  movement  the  pressure  relations  £*'*[__ 
altered  in  the  thorax  and  abdomen,  and  reverse  changes  occur  <|u.* 
ing  expiration.     These  effects  influence  the  flow  of  blooti  to  xt^ 
heart,  and  alter  the  velocity  and  pressure  of  Ihe  blood  in  a  way  th 
is  descril>e<l  itv  the  section  on  Respiration  undiT  the  title  of  Tl  ^  ^^ 
Respiratory  Waves  of  Blood-pressure.     In  lirief,  it  may  be  sa^    ^^-j 
that  the  main  effect  of  the  respiralory  movements  is  to  force  or  tr-    ^^_ 
suck  blood  from  the  large  veins  of  the  abdomen  and  neck  into  tU 
large  th[>raric  veins,  and,  therefore,  into  (he  right  side  of  the  hearth 
Keith*  has  called  attention  to  the  fact  that  the  system  of  larg" 
vein.s  in  the  thorax  and  abdomen,  namely,  the  superior  and  in 
ferior  veiue  cavjp,  the  innominate,  iliac,  hepatic,  and  renal  veini 
constitute  what  he  calls  a  vfiunni  chlcrn,  whose  capacity-  may  be^^ 
reckoned  as  about  4CKt  to  SfKt  e.e.     This  cistern  is  shut  off  beloW^ 
from  the  veins  of  the  lower  extremity  by  the  valves  in  the  femoral- 
veins  at  their  entrance  into  the  pelvis;  it  is  shut  off  from  the  veins*' 
of  the  upper  extremity  by  valves  in  the  subclavian  veins,  ami  from 
the  veins  of  the  neck  and  head  by  the  jugular  valves.     \\'hen  an 
inspiration  is  made,  the  lowered  pre.ssure  in  the  thoracic  cavity 
aspirates  blood  from  the  veins  in  the  neck  antl  upper  extremities 
into  the  superior  cava,  and  on  the  return  to  the  expiratory  position 
"  Keith,  "Journal  of  Anatomy  and  Physiologj,"  42.  1,  1908. 
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cannot  l»e  forced  back  ovvinp;  to  the  jugular  and  subclavian 
valves.  In  the  same  way  the  lessened  intrathoracic  pressure  during 
inspiration  must  tend  to  aspirate  blootl  from  the  abdominal  portion 
of  the  inferior  vena  cava  into  the  thoracic  portion,  and  this  move- 
ment of  blou<i  into  the  thorax  is  probably  aided  by  the  rise  in 
^B  pressure  in  the  abdomen  caused  Tiy  the  descent  of  the  diaphrapm, 
^"  since  an  increase  of  pressure  in  the  abdomen  would  be  prevented 
from  driving  blood  toward  the  legs  by  the  presence  of  the  femoral 
valves.  The  play  of  the  respiratory  movements  must,  therefore, 
constitute  a  constant  factor  tending  to  empty  the  venous  cistern 
into  the  right  heart,  and  in  this  way  promoting  the  circulation  on 
the  venous  side.  Contractions  of  the  skeletal  muscles  must  also 
influence  the  blood-flow.  The  thickening  of  the  fibers  in  con- 
'  traction  squeezes  upon  the  capillaries  and  small  vessels  and  tencls 
'to  empty  them.  On  account  of  the  %'alves  in  the  veins  the  blood 
is  force<l  mainly  toward  the  venous  side  of  the  heart,  so  that 
rhythmical  contractions  of  the  muscles  may  accelerate  the  cir- 
culation. This  pumping  effect  of  our  muscular  movements  is 
■  probably  quite  an  imjjortant  factor  in  returning  the  blood  from 
the  lower  extremities.  In  this  [jortion  of  the  body  the  venous 
flow  to  the  heart  has  to  overcome  the  hydrostatic  pressure  of  the 
column  of  blood,  and  it  has  been  shown  that  when  one  is  standing 

Iquit'C  still,  the  venous  pressure  alone  may  be  insufficient  to  overcome 
thi.«  resi-stance,  so  that  the  bloud-How  from  the  feet  may  be  much 
retarded.  Under  these  circumstances  movements  of  the  legs,  as 
in  walking,  aided  by  the  valves  in  the  veins,  probably  help  to 
*'  milk  "  the  blood  into  the  pelvic  veins.  The  contractions  of  the 
smooth  muscles,  especially  in  the  stomach  and  intestines,  during 
digestion  have  a  sitnilar  effect.  Tlie  musculature  of  the  spleen 
also  is  supposed  to  aid  the  circulation  through  that  organ  by  its 
rhythmical  contractions. 

I      The  Conditions  of  Pressure  and  Velocity  in  the  Pulmonary 
Circulation. — The  genemi   plan  of  the  smaller  circulation  from 
right  ventricle  to  left  auricle  is  the  same  as  in  the  major  or  systemic 
eircuktion,    and    the   same   general    principles    Imld.     The    right 
ventricle  pumps  its  blood  into  the  pulmonan-  arterj',  and,  on  ac- 
rount  of  the  peripheral  resistance  in  the  lung  capillaries,  the  side 
presBure  in  the  artery  is  higher  than  in  the  capillaries,  and  higher  in 
these  than  in  the  pulmonary  veins.     The  velocity  of  movement  is 
^_least,  on  the  other  hand,  Lu  the  e.\t«nsive  capillary  area  and  greatest 
^Kn  the  pulmonary  arter>'  and  veina,  on  account  of  the  variations  in 
^^  width  of  the  bed.     So  also  in  the  pulmonary  artery  the  preissure  and 
velocity  must  fluctuate  l>etween  a  systolic  and  diastolic  level  at  each 
heart  beat,  while  in  the  pulmonan,-  veins  they  are  more  or  le-ss  uni- 
An    interesting   difference    l>etween    the    two    circulations 
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consists  in  the  fact  that  the  peripheral  resistance  is  evidently  mudb 
less  in  the  pulmonary  circuit,  and  consequently  the  pressure  in  the 
pulmonary  arteries  is  much  less  than  in  the  aortic  system.  The 
velocity  of  the  flow,  as  already  stated  (p.  478),  is  also  greater  in 
the  lung  capillaries  than  in  the  systemic  capillaries.  Exact  deter- 
minations of  the  pressure  in  the  pulmonary  artery  are  made  with 
difficulty  on  account  of  the  position  of  the  vessel.*  The  results 
obtained  by  various  observers  give  such  values  as  the  following: 

Mean  Prkssciib.        Extrbmb  Vahiations. 
Mm.  Ho.  Mm.  Ho. 

Dog 20  10     to  33 

Cat 18  7.5  "  24.7 

Rabbit 12  6     "35 

It  will  be  seen,  therefore,  that  the  mean  pressure  is  not  more 
than  one-seventh  to  one-eighth  of  that  prevailing  in  the  aorta. 
The  thinner  walls  and  smaller  muscular  power  of  the  right  ventricle 
as  compared  with  the  left  are  an  indication  of  the  fact  that  less  force 
is  necessary  to  keep  up  the  circulation  through  the  pulmonary 
circuit . 

The  Variations  in  Pressure  in  the  Pulmonary  Circuit. — 
Kxperimcntal  results  indicate  that  the  pressures  in  the  pulmonary 
cin'uit  ilo  not  undergo  as  marked  changes  as  in  the  systemic  circu- 
lation: the  flow  is  characterized  by  a  greater  steadiness.  With  a 
systomic  pres.»!ure.  jus  taken  in  the  carotid.  var\'ing  from  144  to  222 
mms..  that  in  the  puhnt>nar>-  arter>'  changes  corresjx>ndingly  only 
from  20  to  26  nuns.,  and  extreme  variations  of  pressure  in  the 
pulmonar>'  arten'  probably  do  not  exceed,  as  a  rule,  15  to  20  nuns. 
The  regulations  of  the  pressure  and  flow  of  blood  in  the  small 
circulation  do  not  seem  to  be  so  direct  or  complex  as  in  the  aortic 
sj-stem.  The  part  taken  by  the  va.<omotor  ner%es  is  referred  to 
in  the  chapter  upon  the  innenation  of  the  blood-vessels,  and 
attention  may  lie  callcil  here  only  to  the  mechanical  factors,  which, 
indeed,  for  this  circulation  are  probably  the  most  important.  The 
output  from  the  right  ventricle,  and  tlierefore  the  amount  of  flow 
and  the  pressure  in  the  pulmonarj'  arter>-.  depends  mainly  on  the 
amount  of  blix>l  nn'eiveii  through  the  vense  ca\-ap  by  the  right  auricle. 
If  one  of  the  ven:v  cava*  is  cKised  the  pulmonan'  pressure  sinks: 
prp:«!ure  uiH»n  the  aUlomon.  on  the  other  hand,  by  s<{ueezing  more 
bkKxl  towani  the  right  heart  may  rai.'se  the  pressure  in  the  pulmonan* 
arton*.  By  such  means,  therefore,  the  variations  in  bloml-flow  in 
the  .<ystemif  circulation  indirectly  influeni*e  and  control  the  pn^sure 
relations  in  the  p\dmonar\-  «-in"uit.     Hut  the  changes  in  the  systemic 

•  K«»r  a  «h»ruviion  i»l  tlii*  s}»»twI  j>hy>i«»K>Kj*  »,if  the  pulmonary-  oimilatioa 
an.l  f«»r  n«ffn«ni'««!«  !«  lit«Tatun\  «*v  Tu^'i^tixh.  **  Kr>:t«l»ni>we  der  I'hysioloinr,'* 
\<»l    li  .  jv»rt  ii  ,  p.  .1;IS.  I'.HW. 
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circulation  may  affect  the  blood-flow  through  the  lungs  in  still 
another  way, — namely,  by  a  back  effect  through  the  left  auricle. 
When  for  any  reason  the  blood-pressure  in  the  aorta  is  driven 
much  above  the  normal  level  the  left  ventricle  may  not  be  able  to 
empty  itself  sufficiently,  and  if  this  happens  the  pressure  in  the 
left  auricle  will  rise  and  the  flow  through  the  lungs  from  right 
ventricle  to  left  auricle  will  be  more  or  less  impeded.  On  the  whole, 
it  would  seem  that  the  pulmonary  circulation  is  subject  to  less 
changes  than  in  the  case  of  the  organs  supplied  by  the  aorta.  The 
mechanical  conditions,  especially  in  the  capillary  region,  are  such 
that  the  blood  is  sent  through  the  lungs  with  a  relatively  high 
velocity,  although  under  small  actual  pressure.  The  special  effects 
of  the  respiratory  movements  and  of  variations  in  intrathoracic 
pressure  upon  the  pulmonary  circulation  are  referred  to  in  con- 
nection with  respiration. 
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CHAPTER  XXVII. 

THE  PULSE. 

General  Statement. — When  the  ventricular  systole  di8char:ges 
a  new  quantity  of  blood  into  the  arteries  the  pressure  within  these 
vessels  is  increased  temporarily.  If  the  arteries,  capillaries,  and 
veins  were  perfectly  rigid  tubes  it  is  evident  that  this  pressure  would 
be  transmitted  practically  instantaneously  throughout  the  system, 
and  that  a  quantity  of  blood  would  be  displaced  from  the  ven« 
cavse  into  the  auricles  equal  to  the  quantity  forced  into  the  aorta  by 
the  ventricle.  The  flow  of  blood  throughout  the  vascular  system 
would  take  place  in  a  series  of  spurts  or  pulses,  the  pressure  rising 
suddenly  during  systole  and  falling  rapidly  during  diastole.  Since 
the  blood  is  incompressible  and  the  walls  of  the  vessels  if  rigid 
would  be  inextensible,  the  rise  of  pressure,  the  pulse,  would  be 
simultaneous  in  all  parts  of  the  system.  The  fact,  however,  that 
the  walls  of  the  vessels  are  extensible  and  elastic  modifies  the  tran»* 
mission  of  the  pulse  wave  in  several  important  particulars:  It 
explains  why  it  is  that  the  pulse  dies  out  in  or  at  the  banning  of 
the  cajiillaries  and  why  it  occurs  at  different  times  in  different 
arteries — tliat  is.  why  the  wave  of  pressure  takes  a  perceptible 
time  to  tra^•el  over  the  arteries.  The  result  that  follows  from  the 
elasticity  of  the  arteries  may  be  pictured  as  follows:  Under  the 
nonnal  conditions  of  the  circulation  when  the  heart  contracts  and 
forces  a  new  tjuantity  of  blood  into  the  aorta  room  must  be  made 
for  this  blood  cither  by  moving  the  whole  mass  of  the  blood  forward 
— that  is,  by  discharging  an  ecjual  amount  at  the  other  end  into  the 
auricle — or  by  the  enlaiigement  of  the  arteries.  This  latter  alter- 
native is  what  really  hapix'ns.  as  it  takes  less  pressure  to  distend 
the  aorta  than  to  move  for\vard  the  entire  mass  of  blood  under  the 
conditions  that  exist  in  the  ImkIv.  So  soon,  therefore,  as  the  semi- 
lunar valves  ojx'n  and  the  new  cohmin  of  blood  begins  to  enter  the 
aorta,  the  walls  of  that  vessel  l)egin  to  expand  and  during  the  time 
that  the  bl(H)d  is  flowing  out  of  the  heart — that  is.  in  round  numbers, 
about  ()..'i  sec. — the  cxten.sion  of  the  walls  passes  from  point  to  ptoint 
altiiip  the  arterial  system.  At  the  end  of  the  outflow  from  the  heart 
all  the  arteries  urv  l)eginning  to  enlarge,  the  maximum  extenrion 
l)eing  in  the  aorta,  and  nH)m  is  thus  made  for  the  new  quantity  <rf 
blood.     The  new  !)1«h)(1  that  is  actually  discharged  from  the  heart 
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jes  somewhere  In  the  aorta,  but  the  pressure  that  has  been  trans- 
mitted along  the  system  and  has  caused  it  to  expand  has  made 
room  for  the  blood  forced  out  of  the  aorta  by  the  new  blood. 
With  the  cessation  of  the  heart  beat  and  the  closure  of  the  senulunar 
valves,  the  sharp  recoil'  of  the  distentlcd  aorta  drives  forward  the 
colunm  of  lilood,  and  as  the  aorta  sinks  baek  to  its  normal  diastolic 
diameter  the  more  distal  jwrtions  of  the  arterial  system  are  at  first 
distended  to  a  certain  point  and  then  retiim  to  their  diastolic  size 
as  the  excess  of  blood  streams  through  the  capillaries  into  the  veins. 
At  the  tinie  that  the  aorta  has  reached  its  diastolic  size  the  walls 
of  the  most  distant  arterioles  have  passed  their  maximum  extension 
and  are  beginning  to  collapse.  The  distension  causett  by  the  pulse, 
therefore,  spreads  through  the  arterial  system  in  the  form  of  a  wave. 
At  any  given  point  the  distension  of  the  waiLs  increases  to  a  maxi- 
miun  and  then  declines,  and  when  this  change  in  size  is  recorded 
in  the  large  arteries,  by  methods  described  below,  it  is  found  that 
the  expansion  of  the  artery  is  much  more  sudden  than  the  subse- 
quent collapse.  This  difference  is  understood  when  we  remember 
that  the  heart  throws  its  loail  of  hlootl  into  the  arteries  with  sud- 
denness and  force,  causing  a  sliarp  rise  of  pressure,  while  the  collapse 
of  the  arteries  is  due  to  their  own  elasticity.  The  disapp)earance 
of  the  pulse  before  reaching  the  capillary  area  is  reatlily  compre- 
hended when  one  remembers  that  the  arterial  tree  constantly  in- 
creases in  size  as  one  passes  out  from  the  aortic  trunk.  Many  facts, 
such  as  those  of  pressure  and  velocity  already  described,  indicate 
that  the  incre^ise  in  capacity  of  the  arterial  system  is  somewhat 
gradual  until  the  region  of  the  smallest  arterioles  and  capillaries  ip 
reached  and  that  at  this  p<jint  there  is  a  sudden  widening  out  or 
increase  in  capacity  of  the  whole  system,  although  the  indi\'idual 
vessels  diminish  in  diameter.  It  i.s  in  this  region  that  the  ]iiil.se, 
under  ordinary  conditions,  becomes  imperceptible.*  When  the 
arterioles  in  any  organ  are  dilated  the  puLse  may  spi-ead  throujch 
the  capillary  regions  and  Ije  visible  in  the  veins. 

Velocity  of  the  I*ulse  Wave. — From  the  above  considerations 
it  is  evident  that  in  a  system  such  as  is  presented  by  our  blood- 
veesels  the  velocity  of  the  pulse  wave  must  vary  with  the  rigidity 
of  the  tubes.  If  perfectly  rigid  the  pressure  would  be  transmitted 
practically  instantaneously;  if  the  walls  were  very  extensible  the 
propagation  would  be  reiati\'ely  alow.  For  our  blood-vessels  as 
they  exist  at  any  given  moment  the  velocity  of  the  pube  wave  may 
be  estimated  by  a  simple  method :  Two  arteries  may  be  selected  at 
different  distances  from  the  heart  and  the  pulse  wave  aa  it  passes  by 

•  For  a  satiBfactory  disciisaioii  of  the  puW  and  for  literature  consult  von 
Frey,  "Die  UntersuchunK  des  Pulses."     Berlin,  1892.     For  a  description  of 
the  variAtionft  in  disease  oonault  Mackenzie,  "  The  Study  of  the  Pulse,  etc." 
New  York.  1902. 
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a  piven  point  in  each  arleiy  may  be  recorded  l>y  some  convenieoi 
apparatus,  such  as  can  be  devised  in  any  laboraton*.     If  the  wa\ta 
are  recorded  on  a  rapidly  revLtiving  kyniograpliion  wliose  rate  oi 
movement  can  be  determinedj  then  the  difference  in  time  in  the 
arrival  of  tiie  pulse  wave  at  the  two  {joints  is  easily  ascertained. 
That  there  is  a  jjerceptible  difference  in  time  one  can  easily  demon- 
strate to  himself  by  feeling  simnitaneously  the  pulse  of  the  radial 
and  the  carotid  arteries.     If  this  difference  in  time  is  determined 
for  two  arteries— fur  instance,  the  femoral  and  the  tibialis  anterior 
— and  the  distance  between  the  two  points  is  recordeil,  we  have 
evidently  the  necessary  tiata  for  obtaining  the  velocity  of  the 
pulse  wave  in  the  arteries  of  that  region.     A  record  of  this  kind 
is  shown  in  Fig,  211. 


Fig.  211. — To  iliu.strato  the  m»tho<l  of  determininK  the  velocity  of  the  pulse  «»»< 
in  irioo.  Shows  record  of  the  pulse  ut  twn  polnta  on  (he  leg  at  a  kpowu  riiMance  apart 
The  dilTerenco  in  time  is  raven  by  the  verticals  dropped  from  the  bef^nninic  of  these  wavai 
U-  the  Time  curve.  Thin  lost  is  made  by  the  vibrolions  of  n  tuning  fork  Kivins  50  vlbrki 
tions  per  aecoml.      The  dilTerenco  in  this  case  waii  equal  tu  0.07  a«c. 


The  results  obtained  by  various  authors  mdicate  that  the  velocity 
varies  somewhere  between  C  and  9  meters  per  second  for  adults, 
The  figures  [>ub!isherj  b>'  recent  ob.scn.'er3  show  also  that  the  velocity 
is  somewhat  greater  in  the  upper  extremities  (7.5  m.  for  carotid- 
radial  estimation)  than  in  the  descemling  aorta  (6.5  m.  for  carotid' 
femoral  estimation).*  The  average  of  thirty  determinations  madt 
in  the  author's  lalioratt>r>'  upon  nietiical  students  slwiws  that  tht 
velocity  in  the  leg  (femoral-anterior  tibial)  is  6.1  m.  when  the 
records  are  made  upon  the  same  leg,  and  7.4  m,  when  the  record 
for  the  femoral  is  taken  from  one  leg  and  that  for  the  anterior  tibial 

♦Edgren,  " Skandvnaviwhw  AwtcVvW  \.  Wk-jwoV."  1.96,  18S9. 
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>m  the  other.    The  latter  contlition  would  seem  to  be  more  nor- 

since  the  blood-flow  and  nonnal   tension  of  the  walls  are 

[probably  less  disturbed.    An  increase  in  rigidity  of  the  arteries 

causes  the  velocity  to  rise;    in  elderly  people,  therefore,  the  velocity 

distinctly  greater.     In  arterial  sclerosis  with  hyi>ertrophy  of  the 

heart  the  velocity  may  increase  to  as  much  a*  1 1  or  13  m.    Any 

marked  dilatation  of  the  arteries — such  as  occurs,  for  instance, 

in  aneurj'sms, — retards  the  pulse  wave  markedly;    so  that  the 

existence  of  an  aneurysm  may  be  detect^il  in  some  cases  by  this 

facf.     If  we  know  the  velocity  of  the  wave  and  the  time  that  it  takes 

jto  pass  any  given  point  the  length  of  the  wave  is  given  by  the 

[lormula  /=  it.     In  an  adult  the  duration  of  the  wave  (t)  at  the  radial 

ly  be  taken  as  0.5  to  0.7  sec. ;  so  that  if  the  velocity-  of  the  wave 

fuere  uniform  throughout  the  arteries  the  length  of  the  wave  would 

Ibe  from  3.25  to  4.5  m.      We  can  conclude,  therefore,  that  Ijefore 


Fig.  212.— The  DudKeon  «iphygrnogmph  in  imsithiti. 


wave  has  disappeared  at  the  root  of  the  aorta  it  has  reached  the 
loet  distant  arteries. 

The  Form  of  the  Pulse  Wave — Sphygmography, — ^The  pul.se 
wave  may  be  felt  upon  any  sujX'rficial  artery  in  consequence  of  the 
distension  of  the  vessel.  By  the  tactile  sense  alone  the  experienced 
physician  may  distinguish  some  of  the  characters  of  the  wave,  its 
frequency,  its  force,  etc.  The  details  of  the  fonn  of  the  wave, 
however,  were  macle  evident  onl_\'  when  the  variations  in  size  of  the 
jAftcn'  were  recorded  graphically  by  placing  a  lever  upon  it.  Any 
istruinent  suitable  for  this  purpose  is  designated  as  a  sphi/ymo- 
jrnph,  and  ver\'  nimierous  fonns  have  been  devised.  The  move- 
iient  of  the  artery  is  very  small  and  to  obtain  a  distinct  record  it  b 
to  magnify  this  movement  greatly  by  a  properly  con- 
jcted  lever. 

,        The  form  of  lever  that  is  perhaps  mi>st.  frequenllv  employed  is  shown  in  the 
•ceompanying  fipvires.     The  instrument  i^  strapp>e<f  upon  the  arm  so  that  the 
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hiitton  «if  lht«  rrn'lallir  ."prinjt  rests  ovor  ihe  mdial  arten'.  The  movemcnl* 
iif  Itu-  iirl«'n'  Jiri-  Ininsinitlwl  to  thia  Kprinx  mid  this  latter  in  turn  arts  upon 
thf  bfnt  l<'vor.  atul  ihf;  luagiiified  movement  ia  recordcJ  by  the  writing  point, 
upon  a  atrip  of  blackened  pa|)cr  which  is  moved 
under  the  point  Ijy  clockwork  contained  in  the 
case.  To  obtain  a  satisfactorj'  record  or  tphyg- 
viograiiif  two  detaik  are  of  special  impottaooe: 
First,  the  button  of  the  lever  must  be  prnanad 
upon  the  urtery  with  the  proper  force.  Theo- 
reticuUy  this  presBure  should  i>e  about  equal  to 
the  diiistolic  preaeure  withm  tlie  urtery.  All 
8phygmof;rnph»  arc  provided  with  meatn  to 
reKulntc  the  pressure,  and  practically  one  OiiHt 
learn  so  to  place  the  button  and  lu  arnuigv  ikm 
prenure  as  to  obtain  the  largest  tracing.  A 
second  detail  of  importance  is  that  the  wei^t 
of  the  lever  when  .-^t  suddenly  into  motion 
cau>!«s  a  movement,  due  to  the  inertia  of  the 
mass,  which  may  alter  the  true  form  ^''    '  \  c. 

To  overcome  this  defect  the   lever  -  -xb 

light  as  poaaible,  or  the  spring  upon  »!•..  n  ilte 
art  or)'  playa  should    have    oonaderable    rc«t»- 
tini-i'.      In  those  sphypnographs  in  tvhirh  the 
i\  factor  is  practically  clii  'i- 

,     .  1   of  obtaining  a  tracinir.   •  i  a 

w««k  nwht,  is  corres;  ■i«od,  aiul  in 

the  spiiyirmuKraplis  ly  emplojwl, 

micb  as  the  Dudgwui,  luniiry  m  appBeilioii  b 
obtNiurd  at  llir  oxpenae  of  incomplete  correction  of  the  error  of  iiMrtf&^ 

The  pnl»  waw  obtained  froni  the  mdtd  artery  is  re]>r(smted 
ia  Vie..  2H.  It  will  W  m>ea  imvn  tliis  bgure  thAt  the  artery  iHIate^ 
m^fUtily  nntl  then  falls  more  slowly,  hut  it  must  be  bonio  in  mind 
that  the  ver^•  pointcil  apex  of  the  ^va^■e  rettmied  by  this  form  of 
apltygtnofcniph  b  due  tc»  the  tnstnuneotal  error  referred  to  alio\-e. 
namely,  thfc  "fUne"  «i  the  lever  caused  by  the  sudden  expanaoo 
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of  Ibe  arloy.    The  Mctndmf  portkn  of  the  waTe  b  spoken  of  at 
the  mmaert/Hc  fimb.  the  ihwuiMlinj.   as  the  teif  rnfif  fimh.    rmfer 
the  aafteretk  fimb  is  agMoth.    that  is, 
-«iule  the  catectotie  Eaih  above 
wcoodaxy  wavn^  whkh  air  sftokxn  of  in  flenend  as  the 
WBSM.    The  most  coostaat  of 
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^SpproScfflately  at  the  middle  of  the  descent  (D)  and  is  designated 
as  the  dicrotic  wave.     A  less  conspicuous  wave  l^etween  it  and  the 
I'  ape.\  of  the  pulse  wave  is  known  usually  as  the  prcdicrotic  waxye,  P, 
while  the  wave  or  waves  following  the  dicrotic  are  designated  as 
\potitdierotic.     These  catacrotic  waves  are  too  small,  under  normal 
conditions,    to   be   felt   by   the   finger.     Under   certain   abnormal 
[conditions,   however,    which   cause  a  low  bkM)d-pre.s.sure  without 
[marked  diminution  in  the  heart  l)eat,  the  dicrotic  wave  i.s  empha- 
sized and  may  be  detected  by  the  finger.     A  pulse  of  this  kind  is 
known  as  a  dicrotic  pulse.     In  each  pulse  wave  we  may  distin^iish 
^Ka  sj'StoUc  and  a  diastolic  phtuse;  the  former,  making  due  allowance 
^»  for  tran.smls.sion,  corresponiis  with  the  lime  during  which  the  aortic 
valves  ore  open,  and  blood  is  streaming  from  the  heart  to  the  aorta, 

Pthe  latter  represents  the  period  during  which  the  aortic  valves 
are  closed  and  the  arterie-s  are  shut  off  fi-oni  the  heart.  In  Fig.  214 
the  systohc  phase  extends  from  .s  to  d,  the  tliaslolic  from  d  to  s' . 

Explanation  of  the  Catacrotic  Waves. — It  ha.s  been  foimd 
(iifiicidt  to  give  an  entirely  satisfactoiy  explanation  of  the  catacn^tic 
waves  or,  to  speak  more  accurntely,  it  is  difRcislt  to  decide  between 
jthe  different  explanation.s  that  have  \mn\  pro]K>sed.     Concerning 
[the  ilicrotic  wave,  it  may  lie  said  that  tracings  from  liifTerent  ar- 
jtenes  show  that,  Uke  the  main  pulse  wave,  it  has  a  centrifugal 
Icourse, — that  is,  it  starts  in  the  aorta  and  runs  peripherally  with  the 
fBamc  velocity  as  the  main  wave  upon  which  it  is  Hupeiposed.     More- 
over, .simultaneous  tracings  of  the  pres.sure  changes  in  the  heart  and 
[in  the  aorta  show  that  the  closure  of  the  semilunar  valves  is  s^mchro- 
rnoua  with  the  small  depression  or  negative  wave  {d.  Fig.  214)  which 
[immediately  pret«iles  the  dicrotic  wave.     The  general  Ijelief,  there- 
[fore.  is  that  the  dicrotic  wave  results  from  the  closure  of  the  -semi- 
lunar valves.     When  the  distended  aorta  l)egtns  to  contract  by 
virtue  of  the  elasticity  of  its  walls,  it  drives  the  column  of  blood  in 
[both  directions.      Owing  to  the  position  of  the  semilunar  valves 
[the  flow  to  the  ventricle  is  preveided.  Hut  the  interpof?ition  of  this 
iBiiiltlen  block  causes  a  reflected  wave  %vliich  pas.ic.'^  coiitrifugally 
lover  the  arterial  sjrstem.     The  dicrotic   wave  is  preceded  by  a 
iBnuilt  negative  wave  or  notch  in  the  curve  which  marks  the  time 
lof  clasure  or  just  follows  the  closure  of  the  semilunar  valves.     The 
iBequence  of  events  as  pictui'ed  by  Mackenzie*  is  as  follows:    "As 
tsoonas  the  aortic  pressure  rises  above  the  ventricidar  the  valves 
dose.     At  the  moment  this  happens  the  valves  are  supported  l)y 
Ethe  hard,  contracted   ventricular  wails.    The  withdrawal  of  the 
ffupport  by  the  sud<lpn  relaxation  of  the.se  walls  will  tend  to  produce 
^%  negative  pressure  wave  in  the  arterial  sv'stem.     Rut  this  negative 
•  Mackenzie.  "The  Study  of  the  Pulse  and  the  Movement*  of  the  Heart," 
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wave  is  stopped  by  the  sudden  stretching  of  the  aortic  valves, 
which,  on  losing  their  firm  supimrt,  have  now  themselves  lu  l>ear 
the  resistance  of  the  arterial  pre-ssure.  This  sudden  checking  of 
the  negative  wave  starts  a  second  positive  wave,  which  is  prop- 
agated through  the  arterial  system  as  the  dicrotic  wave."  The 
smaller  waves,  such  as  the  predicrotic.  have  lieen  explained 
simply  lis  reflected  waves,  or  a.s  iiLstrumental  errors,  due  to  fling 
of  the  lever.  According  to  some  authors,*  an  important — 
p>erhaps  the  chief — factor  in  the  production  of  the  secondary 
waves  i.i  the  reflection  that  occurs  from  the  periphery.  Where 
each  arteriiil  .stem  hreaks  up  into  its  snmller  vessels  the  main 
pulse  wave  suffers  a  reflectitm,  a  wave  running  bat^kward  towanl 
the  heart.  It  is  prohalile  that  such  reflected  waves  from  different 
areas — for  instance,  from  the  coronary  system,  the  subclavian 
system,  the  mesenteric  system,  etc. — meet  in  the  aorta  and 
may  in  part  summate  to  larger  waves,  which  again  pass  peripher- 
ally. The  catacrotic  waves,  according  to  this  view,  probably 
differ  in  character  in  the  different  arteries,  and  tracings  indicate 
that  this  is  the  ca-se.  The  radial  pulse  differs,  for  instance,  fr«>m 
the  carotid  pul.se  in  the  character  of  its  waves.     BetAveen  th^^e 


n.  rvjv.  A,  A./^.A.j' 
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-opposite  views  it  is  not  possible  to  decide,  but  it  is  i)erhape 
permissible  to  believe  that  while  the  dicrotic  wave  is  due  pri- 
marily to  the  injpulse  following  upon  the  closure  nf  the  semilunar 
valves,  nevertheless  the  actual  form  of  this  and  the  other  second- 
arj-  waves  is  variously  modified  in  different  parts  of  the  .'<\'stem 
by  the  reflected  waves  from  different  })eripheral  regiims.f 

Anncrotic  [Vavrs, — As  was  saitl  above,  the  anacrotic  limb 
under  normal  cunditions  shows  no  secimdary  waves.  I'ruler 
ipalholdgicul  conditions,  however,  a  secondary  wave  more  or  !«.•« 
^ftlearly  marked  may  appear,  us  is  shown,  for  instance,  in  the 
tracing  given  in  Fig.  215.  Such  waves  are  recorde<l  in  raaes  of 
^■■•^  -rics  or  stenosis  of  the  semilunar  valves.  In  the  normal 
i  :il  an  anacrotic  pulst-  in  the  radial   may  be  «>btaine«I. 

pcording  to  von  Kries.J  by  rai.sing  the  arm.     He  l»€Jieve«<  tliat 
jthis  jHwition  the  reflection  of  the  pulse  wave  from  the  periph- 

8(w  von  Kr»»y,  Inc.  rii. 
f  T'  iiHnl  iJutcniMioii,  mm?  TiKfretcdl,  "  EzfebnioK  d.  PhyMolofiew'^ 
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erv  15  favored,  and  that  the  anacrotic  wave  ia  simply  a  quickly 
reflected  wave.  An  opposite  interpretati<ni,  however,  is  given 
by  von  Recklinghausen,  who  states  that  conditions  wliich  lead 
to  a  diminution  in  vascular  tone  and  a  dilation  of  the  arteries 
produce  "weak  reflection"  anrl  an  anacrotic  pulse.  Constric- 
tion of  the  .•small  arteries  in  any  system  favors  quick  reflection 
in  the  artery  supplying  the  system  and  prnducps  a  pulse  witli  a 
sharp-pointed  apex. 

Characteristics  of  the  Pulse  in  Health  and  in  Disease. — 
By  mere  palpation  the  physician  obtains  from  the  pulse  valuable 
indications  concerning  the  heart  and  the  circulation.  The  fre- 
quency of  the  heart  beat  ia  at  once  made  evident,  so  far  at  least  as 
the  ventricle  is  concerned.  One  may  determine  readily  whether 
the  frequency  is  above  or  below  the  nonnal,  whether  the  rhythm 
is  regular  or  irregular.     By  the  same  nieaas  one  can  determine 


Fi«.  216. — SphyBinoftrams  illu.'itnitinR  Ihi*  effrrt  of  vnrinliiins  in  blooil-|irp»iure,  [Mrtio- 
■krty  upon  tlif  p.^nitiiMi  .if  tlje  iiipn>tie  wave  and  notch  .  «,  Thp  dirixitic  notch  ;  li,  th« 
SmoUc  wave  A.  Sphvuinoitnun  while  blooil-preMiure  wa-i  rflalivrly  low.  H.  SphygrnO' 
(tmn    viUt  hicber  bt«»<)-pnsauiv.     [Maekmrir.) 

whether  the  pulse  is  large  (pulsus  magnus)  or  small  (pulsus  parvus), 
whether  the  wave  rises  and  falls  rapidly  (pids\is  ccler)  as  haf>j)en8 
in  the  case  of  insufficiency  of  the  aortic  valves,  or  whether  in  one 
phase  rir  the  other  it  is  more  prolonged  than  nonnal  (pulsus  tardus). 
It  seems  obvious,  however,  that  a  more  satisfactor}'  conclusion  may 
be  reached  in  all  such  ca-ses  by  obtaining  a  sphvgmographic  record. 
In  the  works  devoted  to  clinical  methods  numerous  such  sphygmo- 
g;rams  are  described.  By  mere  pressure  upon  the  artery'  one  can 
determine  also  approximately  whether  the  blood-pressure  is  high 
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or  low  by  estimating  the  force  with  which  the  wave  presses  upon 
the  fingers,  or  the  pressure  necessary  to  occlude  the  artery.  A 
similar  inference  may  be  drawn  from  the  character  of  the  sphyg- 
mogram,  and  especially  from  the  relative  size  and  position  of  the 
dicrotic  wave.  When  this  latter  wave  falls  at  or  near  the  base  line 
of  the  curve  it  indicates  a  low  arterial  pressure,  since  under  theee 
circumstances  the  artery  collapses  readily  after  its  first  systolic 
expansion  (see  Fig.  216).  Since  the  introduction  of  the  sphyg- 
momanometer (p.  492),  however,  it  seems  evident  that  this  instru- 
ment must  be  appealed  to  whenever  the  determination  of  blood- 
pressure  is  a  matter  of  importance. 

Venous  Pulse. — Under  usual  conditions  the  pulse  wave  is  lost 
before  entering  the  capillar^'  regions,  but  as  a  result  of  dilatation  in 
the  arteries  of  an  organ  the  pulse  may  carrj"-  through  and  appear  in 
the  veins,  in  which  it  may  be  shown,  for  instance,  by  the  rhythmical 
flow  of  blood  from  an  opened  vein.  The  term  venous  pulse,  how- 
ever, as  generally  used  applies  to  an  entirely  different  phenomenon, 
— namely,  to  a  pulse  observed  especially  in  the  large  veins  (jugular) 
near  the  heart.  The  pulse  in  this  case  is  not  due  to  a  pressure  wave 
transmitted  through  the  capillaries,  but  to  pressure  changes  ol 
both  a  positive  and  negative  character  occurring  in  the  heart  and 
transmitted  backward  into  the  veins.  The  venous  pulse  that  has 
this  origin  may  usually  be  seen  and  recorded  in  the  external  (or 
internal)  jugular.  Under  pathological  conditions,  especially  when 
the  flow  through  the  right  heart  is  more  or  less  impeded,  it  may 
\h\  plainly  apparent  at  a  further  distance  from  the  heart  and  may 
cause  a  noticeable  pulsation  of  the  liver,  which  is  designated  as  a 
livor  piilsf'.  The  venous  pulse  curve  has  been  much  studied  in 
recent  yviufi*  It  i.s  somewhat  compUcated  and  an  explanation 
of  .«(nnc  of  its  details  has  not  Ixjcn  agreed  upon,  but  there  can  l)e  no 
doulit  that  when  properly  interpreted  it  will  throw  much  light  upon 
tlic  prcssun*  cliangos  in  the  heart,  and  will  afford  a  valuable  means 
of  diagnosis  in  ca.'^s  of  valvular  lesions  and  other  pathological 
conditicms  of  tlie  heart.  It  is  evident  ali<o  that  the  venous  pulse 
gives  a  ready  means  of  detonnining  the  rate  of  beat  of  the  auricles. 
just  as  the  arterial  pulse  enables  us  to  count  the  beats  of  the  ven- 
tricles, anil  in  this  way  records  of  the  venous  pulse  are  important 
in  tlie  interpretation  of  irn^gularities  in  the  beat  of  the  heart 
(anliylhiiiia). 

As  usually  recorded  the  venous  puisne  shows  three  positive 
waves,  designated  ('<Mninonly  iis  tlie  n,  c,  and  v  waves,  and  three 
negative  waves.    Of  tlie  three  positive  waves,  the  a  wave  marks, 

•.<ic  Mackonzir-.  "  The  Sfiidy  of  the  Pulao."  1902;  also  Lewis,  in  Hill"* 
"  I'lirthiT  .\ilv;iiice>  in  I'hysioloKy,"  New  York,  11)09. 
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undoubtedly,  the  contraction  of  the  auricle,  but  in  order  to 
locate  this  wave  ur,  indeed,  to  interpret  at  uU  the  complicated 
venous  pulse,  it  is  necessary'  to  have  a  simultaneous  tracing  of 
the  arterial  pulse,  preferably  the  carotid,  or  of  tlie  apex  beat  of 
he  heart.  Either  of  these  latter  tracings  enables  one  to  mark 
upon  the  venous  pulse  the  point  at  which  the  ventricular  systole 
begins,  and  the  wave  immediately  preceding  this  point  must 
be  due  to  the  auricular  contraction,  the  a  wave  (Figs.  217  and 
218),  Following  the  rise  of  tlie  a  wave  tliere  is  a  fall,  the  first 
negative  wave,  which  is  due  to  the  auricular  relaxation.  The 
interpretation  of  the  other  two  positive  and  negative  waves 
ha.s  been  the  subject  of  much  discussion.  Mackenzie,  one  of 
whose  tracings  is  reproduced   in   Fig.  218,  believed  that  the 


Fif.  317.— SioiiiltKtinius  tracings  of  the  carotid  sod  venou)i  pulses.  In  the  venous 
trmoni;  (intonuU  juKuUr)  a  indicates  the  kurioular  wave  due  to  tlie  contraction  of  the  suri- 
d**:  "'  i»  the  carotiu  wave  du<»  (Maekemie)  to  an  iiupulw  from  the  ncidliboring  carotid 
mrtrn':  f  is  the  ventncular  wave  due  (<i  the  checking  or  etajciialion  of  the  (low  into  the 
auricle  aa  this  chamber  fill*  during  the  period  of  cloeiure  of  the  auriculovnitricuUir  valves; 
X,  dilatAtkm  due  to  auhetUar  Tdaxatioa;  y,  the  period  o(  ventricular  diastole.     (Mackenzir.) 

c  wave  is  due  simply  to  the  pulse  in  the  neigliboring  carotid 
artery,  antl  that,  therefore,  it  has  no  significance  in  regard  to 
changes  within  the  heart  itself.  Careful  records  made  by  other 
tib.siervers  show,  however,  that  this  explanation  is  insufhcient. 
The  c  wave  begins  in  the  jugular  before  the  arterial  pulse  wave 
reaches  the  carotid,  hence  this  wave  canntvt  be  due  wlR>lly  to 
the  carotid  pulse.  As  is  shown  in  the  tracing  given  in  Fig.  218, 
the  c  wave  begins,  in  fact,  at  the  very  moment  of  ventricular 
-'.>f<>le.  The  explanation  nf  it  whi*'h  meets  with  most  accept- 
jiuro  is  that  it  is  due  to  a  sharp  protrusion  of  the  auriculo- 
ventricular  valves  into  the  cavity  of  the  auricle.  At  the  begin- 
ning of  the  ventricular  systole  these  latter  valves  are  in  position 
for  closure,  while  the  semilunar  valves  at  the  opening  to  the 
l>uhiionary  artery  are  tightly  closed.  For  a  short  period  the  ven- 
tricular muscle  contracts  upon  a  closed  cavity,  and  the  pressure 
upon  the  contents  rises  rapidly,  It  is  at  the  beginning  of  this 
brief  period  that  the  auricuioventricular  valves  are  protruded 
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somewhat  into  the  auricle  and  thus  cause  a  positive  wave  m 
venous  blood  which  is  pi-ii]>aga.ted  buifk  into  the  large  ve 
Immediately  Ujjon  the  opening  of  the  semilunar  valves  hi 
streams  out  of  the  ventricle  into  the  pulmonary  artery,  and 
ventricle  diminishes  rapidly  in  size — especially  in  the  diami 
from  base  to  apex.  This  sudden  descent  of  the  base  of 
ventricle  pulls  downward  the  fioor  of  the  auricle  and  caus4 
sudden  enlargement  of  the  auricular  cavity,  which  in  t 
produces   a   temporary   negative   pressure   in   the   auricle 


Fig.   216.  — Siraultanooua   tr&dns»  of  tlie  jugular  pulse,  tbe  carotid  piil<t  .  

•pex  beat,  i Harhmann.)  At  the  bottom  of  tl>e  iracirig  th<>  Umei  i.x  given  in  AftUe 
a  second.  The  vertical  linf*  n,  1,  2.  3,  He,  uuirk  synchronous  point.*  on  the  c 
A,  The  auricular  wave;  «,  the  so-cailrj  c  wave  rau.-wd  by  *ho  nystole  of  the  vcnlnde; 
stikgnation  wave  cau.'<eid  by  the  ftUine  of  the  «uricl4<.  It  will  be  noticed  that  the  e 
(marked  «  in  the  tracinKi  occurs  at  the  bo^nniiiK  of  the  vuntricuUr  jiyntole  s.h  tiiarli 
the  appx  beat,  and  shortly  befure  the  puli«i  in  the  carotid  iirter>'.  The  hciKtit  of  the  t 
i.«  tvached  just  after  the  oncurreiice  of  llie  dicrotie  notch  on  the  carotid  wave,  and 
cide»  with  the  opening  of  the  auriciilt>ve»(ricular  vbIvm;  Af,  the  negative  wave  caui 
the  cllect  af  the  ventrirular  xyatcile;  )'/,  the  nefative  wave  foUowiug  the  upeniuL 
auriciilovetttrioutar  valve«.  ^ 


attached  veins.  The  second  negative  wave  is,  therefore,  du 
a  forcible  dilation  nf  the  auricle  caused  by  the  systole  of 
ventricle.  This  negative  wave  is  convertetl  into  a  positive  v 
by  the  steady  inflow  of  venous  Idood,  which  continues  to  ] 
into  the  auricle  during  the  whole  period  of  the  systole  of 
ventricle  and  of  the  closure  of  the  auriculoventricular  va] 
In  this  way  the  wave  v  is  produced.  It  is  frequently  of  irreg 
or  toothed  fnrni  and  rises  somewhat  gradually  to  its  maxim 
The  end  or  maximum  of  the  wave  falls  in  with  the  begin 
of  the    muscular    relaxation  of  the  ventricle,  and  the 
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therefore,  of  the  base  of  the  ventricle  to  its  diastolic  position. 
Immediately  afterwurd  the  auriculoventricuhir  valves  open. 
and  the  bluod  accumulated  in  the  auricles  is  discharged  into 

J  the  ventricle,  causing  again  a  sudden   fall  of  pressure  in  the 
mricles  and  veins,  the  third  negative  wa%e. 
The  true  relations  of  these  different  venous  waves  to  the 
eequence  of  events  in  the  ventricle  and  aorta  are  clearly  shown 
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Fig.  210. — Schema  of  the  vuiations  of  preaxura  in  the  ventricle,  aunrle,  uorta,  aad 
'ar  vena  cava  duiiug  a  rardiae  ryrle  in  tne  dog  :  a,  b.  Sysittile  of  the  auncle;  6.  c,  d,  f, 
J  of  the  ventricle ;  b'.  opening  of  the  semilunar  valves ;  «,  closure  of  the  xemilunar 
i;  b,b',rJo«ure  of  the  aunrtiliiventricular  valve*  ;  /.opening;  of  tlie  atiriculoventhctilar 
On  the  curve  for  the  aurirle  and  vein  the  wave  from  a  tob  nrpreaenta  the  aurirul^r 
'on,  the  a  wave;  tliat  beginniii^  at  b  i*  th«  wave  due  to  ventrinilar  siy^tole,  the 
-e.  and  the  rij«  of  proanii*  ezteDding  from  d  to  e  and  endina  with  the  openine  of  the 
[ilorentriculnr  valve*  eoostitutai  the  v  wave.     Tlie  time  relationi  are  icivcn  alonK  tl^e 

Ha  in  tenth*  of  a  woond,  Um  prewure  relations  in  mma.  of  roeiruo'  for  the  ventricle 

kod  aurta  an  given  along  the  ortlinaUM  to  the  left.     (After  FmUricq,) 

^Kn  the  diagram  given  by  Fredericq,  which  is  reproduced  in  Fig. 
^■219.  Following  this  autlmr,*  the  Hpries  r>f  positive  and  negative 
^Birsves  which  may  usually  he  shown  in  the  auricles  and  great 
^Byeins  during  a  single  heart  Iieat  may  be  enumerated  as  follows: 
^H  1.  The  auricular  wave  (a  wave),  auricular  .s\T5tole. 
^H  2.  The  first  negative  wave,  auricular  diastole. 
^^  3.  First  systolic  wave  (positi>'e),  c  wave.  Beginning  of 
.ventricular  systole.  Due  to  sudden  closure  and  protrusion  of 
khe  auriculoventricular  valves. 

Fredericq,  "(.'entralblaU  f.  Physiol,"  22,  No.  10,  1908. 
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4.  Second  negative  wave.  At  the  time  of  opening  of  the  senvi- 
lunar  valve«-  Due  to  descent  of  the  base  of  the  ventricle,  causing 
dilatation  of  auricle. 

5.  Second  systolic  wave  (positive),  v  wave.  Latter  part  of 
systole.  Due  to  gradual  tilling  of  auricle  and  at  the  end  to  Uie 
return  of  the  base  of  the  ventricle  to  its  diastolic  position. 

6.  Postsystolic  (third)  negative  wave  begins  at  moroent  of 
opening  of  the  a-v  valves.  Due  to  emptying  of  auricular  blood 
into  ventricle. 

Other  waves  have  been  described,  especially  one  in  the  pofit- 
systolic  or  early  diastolic  phase  of  the  ventricular  beat,  which 
is   known  as  the   ft  wave   (Hirschf elder)   or  b  wave   (Gibson). 
This  wave  occurs  between  the  o  urul  the  o  wave,  it  is  seen  only 
occasionally  in  t!ie  tracings,   and  han  been  referred  to  the  tri- 
cuspid valves,   which   at   this   time  are  thrown  suddenly  into 
position  as  the  ventricle  is  distended  by  the  inflow  of  venotis 
blnod  in  early  diastole.     For  llie  variations  in  the  form  of  lVi« 
venous  pul.se  under  pathological  conditions  of  the  heart,  reference* 
must  be  made  to  clinical  literature.* 

•See  Hewlett.  "Journal  of  Medical  Research,"  17.  1907;  "Jouma.^ 
the  Atner.  Me<l.  .\s*io<.'.,"  51.   1TO8,  and  Ilirschf elder,  "Diseases  of    * 
Heart  and  Aorta,"  Philadelphia,  1910 
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CHAPTER  XXVTTI. 

THE  HEART  BEAT. 

General  Statement. — We  divide  the  heart  into  four  chambers, 
— the  two  auric-les  and  the  two  ventricles.  What  we  designate  aa  a 
heart  l)eat  l>egins  with  the  simultaneous  contraction  of  the  two 
auricles,  immediately  followed  by  the  siniultaneoiis  coiitmction  of 
the  two  ventricles;  then  there  is  a  pause,  during  which  the  whole 
heart  is  at  rest  and  is  fUIins  w'ith  blood.  As  a  matter  of  fact,  the 
heart-beat  is  initiated  not  bythe  auricles  proper,  but  by  an  area 
of  specialized  tissue  in  the  right  auricle  lyiiiK  l>etween  the  open- 
ings of  the  two  cavae.  This  portion  of  the  auricular  wall  corre- 
sponds physiologically  to  a  definite  chamber,  the  venous  sinus, 
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Fi«.  220, — To  show  thf  lime  felutiona  of  <hc  mirioular  systole  ihhI  iliuflole,  an<l  ven« 
trlcuUr  pyefolo  and  diaatole  (Mareu"!:  Or.  D,  Ttuciu^  from  ught  auricle;  Vent.  D,  tracing 
troat  ri^ht  vpnlridfi;  Vmt.  G,  tracing  (niui  led  veiitnclc.  Obtained  from  the  heart  of  tbi 
by  means  of  tubw  communicatini  with  the  cavities. 


in  the  heart  of  the  lower  vertebrates  (see  Fig.  224).  The  contrac- 
tion of  any  part  of  the  heart  is  tiesignated  as  its  systole,  its  relaxa- 
tion and  period  of  rest  as  its  diastole.  In  the  heart-beat  we  have, 
therefore,  the  auricular  sy.stole,  the  ventricular  systole,  and  the 
heart  pause,  during  %vhich  both  ehambfrs  arc  in  diiLstole.  The 
general  relations  of  systole,  diastole,  and  pause  are  represented 
graphically  in  the  accompanying  figure  (Fig.  220J.  It  will  be 
not^  that  the  auricular  systole  is  shorter  and  its  diastole  longer 
than  the  similar  conditions  in  the  ventricles. 

The  Musculature  of  the  Auricles  and  Ventricles.— Ejubryo- 
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logically  the  four-chambered  heart  is  developed  from  a  simple 
tube,  anil  this  origin  is  indicated  in  the  adult  l)y  the  fact  that  the 
musculature  of  the  two  auricle^ii  is  in  targe  part  common  to  both 
chambers, — that  is,  surrounds  them  as  though  they  were  a  single 
chamber, — and  the  same  is  true  of  the  ventricles.  In  the  auricli^ 
there  is  a  superficial  layer  of  fibers  which  runs  transversely  and  hii- 
circles  both  auricles.  The  simultaneous  contraction  of  the  two 
chambers  would  seem  to  be  insured  by  this  arrangement  alone. 
In  addition,  each  auricle  possesses  a  more  or  less  independeiii 
system  of  fibers,  whose  course  is  at  right  angles  to  that  of  the 


V^^ 


F!g.  22t. — 8«bemji  to  ahow  tbe  course  of  the;  BuperficUl  and  ditep  Sben  of  the  bulb»- 
4iiTa]kiKl  nnoapiraJ  RvatemB.  The  bean  is  viowchI  from  tlie  dorml  aide.  fl.S,  auperfioial  bulbo- 
^Hral  lyfttem;  BS',  doep  bulboopiral  ayntcm;  ^^^,  superficial  aiauapiriU  systein;  SS',  deep  mw- 
■piral  tyMtxa;  C.  rirculnr  filx-rs  round  ttio  ronug;  C,  circular  libera  round  ihe  baae  of  tb«  aorta 
aod  tbe  left  oatiuni;  LRY,  longitudinal  bimill?  of  ri^ht  veotricle.  from  membnutoua  aeptum  to 
rigbt  ventricle;  t\\  iatcrventricular  or  inierpaplllar)  layer  (Matl). 

preceding  layer.  These  fibers  may  be  considered  as  loops  arising 
and  ending  in  the  auriculo-ventricular  ring.  The  course  of  the 
fibers  in  the  ventricles  has  been  difficult  to  make  out,  and  several 
more  or  less  different  accounts  have  been  published.  The  fibers 
on  the  surface  of  the  heart  arise  from  the  tendinous  rings  and  mem- 
branes at  the  base  and  take  a  spiral  course  to  the  apex,  where  they 
form  a  vortex  and  pa.ss  into  the  interior  of  the  left  vcfitriele  to  enter 
the  septum  and  make  connecti(jns  with  the  papillary  muscles. 
In  this  way  they  return  upon  them.selves  toward  the  base  of  the 
heart  an<i  form  spiral  loops  whose  contractions  serve  to  approxi- 


Digitized  by 


Google 


THE    HEART    BKAT. 


527 


hasp  and  apex  anil  at  the  same  timo  to  give  a  rotation  to  the 
from  left  to  right.  Mull*  (iiviclcs  these  superficial  fibers  into 
two  groups.  First,  the  superficial  bulbo-spiral  fibers  [B  S)  which 
arise  from  the  conus,  the  left  side  of  the  aorta,  and  the  left  side  of 
the  left  ostium  veno-suni,  take  a  spiral  courw  to  the  apex,  where 
they  form  the  posterior  horn  of  the  vortex,  and  penetrate  to  the 
interior  of  the  left  ventricle  to  end  in  the  septum  and  along  the 
posterior  side  of  the  ventricle,  making  connections  also  with  the 
posterior  papillary  muscle.  Some  of  the  deeper  fibers  of  this 
layer  enciicle  the  lower  part  of  the  ventricle  and  then  pas.s  upward 
to  end  at  the  base  of  the  heart.  The  hulbospiral  fillers  belong 
chiefly  to  the  left  ventricle.      Second,  the  superficial  sinospiral 


Pi(.  323  — .interior  aurfsiw  of  the  brart,  to  show  the  arrBneement  at  (he  luperllciBl  fiber* 
ovrr  ihp  riitbl  vcntncle;  SiS,  .Sinonpirnl  band;  BS,  bulboxpiral  liand:  fl,  f,  fibers  o(  thf  bulbo- 
jEHral  ij-stcin  a*  tboy  enter  the  vonti.D,  E,  fibers  of  the  Maospirul  baud  ua  tbcy  eot«r  the  vortex 

\jihcrHi  (S  S),  which  arise  mostly  on  the  posterior  aspect  of  the  heart 
from  the  right  ostium  venosum,  the  sinu.s  end  of  the  embryonic 
heart,  take  a  spiral  course  to  the  apex  over  the  anterior  surface  of 
the  right  ventricle,  running  more  transversely  than  the  bulbo- 
3piral  group.  At  the  vortex  this  .system  forms  the  anterior  horn 
of  the  vortex  an«I  penetrates  into  the  interior  of  the  left  ventricle, 
to  end  along  the  anterior  side  and  in  the  papillary  muscles,  par- 
ticularly the  ant>erior  papillary.  Beneath  these  superficial  layers 
V  •  -ptmding  deep  layers  of  the  bulbospiral   and   sinospiral 

-.  which  have  a  more  transverse  or  circular  course.     The 
[deep  bulljospiral  fibers  (B  S')  encircle  the  left  ventricle  and  end 

•  Mali,  "The  American  Jounml  of  Anatomy,"  2,  211,  1911. 
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by  way  of  the  septum  on  the  dorsal  side  of  the  aorta.    These 
fibers  in  the  developed  heart  make  a  strong  circular  system  whuse 
contraction  tends  to  diminish  the  lumen  of  the  left  ventricle. 
Below  the  superficial   sinospiral   system  lies  the  deep  sinospiral 
sheet  (S  S'),  which  arises  from  the  posterior  side  of  the  left  ostium 
and  passes  transversely  to  enter  the  interior  of  the  right  ventricle 
and  then  turn  upward  toward  the  base.     At  the  base  of  the  heart 
.some  of  the  fibers  of  the  bulbospiral  system  pa.ss  circularly  round 
the  base  of  the  aorta  and  the  left  ostium,  and  in  the  right  ventricle 
some  of  the  sinospiral  system  form  circular  loops  round  the  coniiS 
at  the  base  of  the  pulmonary  artery.    As  will  be  described  belo^^ 
there  is  physiological  evidence  that  this  latter  group  of  circuL 


Fig.  323. — Paat«nor  view  of  heart,  Bomewhat  to  left,  ufter  the  superfioUJ  iiino«pind  baad 
has  b>e«D  rcmovixl  li>  the  p>'i«torior  loacitudiD&l  autrun:  8S',  deep  bulbospiral  band;  BS,  npcr- 
hcial  bulbodpirui  bnnd,  A.  B,  unci  C  are  fibers  belnoeiiig  t4>  thin  nyttem  and  rorminc  tjie  poetmiar 
burn  of  lb«  vortex;  .S'.S,  superficial  mnospiral  biLod,  D  and  S  are  libers  belon^iu  to  this  ayalara 
and  fornuni  the  anterior  horn  of  the  vortei;  CLV,  the  circular  band  (bulboipinJ  lyatcin)  rood 
the  left  venoua  ostium  (Mall). 

fibers  around  the  base  of  the  pulmonary  artery  and  aorta  are  the  last 
to  enter  into  contraction  in  the  systole  of  the  ventricle,  as  might 
be  expected  from  their  homology  with  the  musculature  of  the 
bulhus  arteriosus  in  the  hearts  of  the  lower  vertebrates. 

The  Auric uloventricular  Bundle.- — A  matter  of  very  great 
physiologii-al  inttire.st  in  connection  with  the  invariable  sequence 
of  the  heart-beat  has  been  the  question  of  the  existence  of  a  direct 
muscular  connection  between  the  auricles  and  ventricles.  In 
the  lower  vertebrates  there  is  muscular  continuity  throughout 
the  heart,  from  the  venous  end  to  the  arterial  end.  In  heart^s  of 
this  type  (see  Fig.  224)  we  may  distinguish  four  different  chambers— 
the  sinus  venosus,  into  which  the  great  veins  open,  the  auricle 
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(right  and  left),  the  vontriclf  (fingle).  and  the  bulhiis  arteriosus 
or  bulbus  cordis.  The  musculature  of  earh  phamber  connects 
with  that  of  the  succeeding  one,  and  the  contraction  wave,  which 
1>egin8  in  the  sinus,  spreads  in  order  to  the  following  divisions  of 
the  heart.  There  is,  however,  a  pause  or  interruption  in  the  pas- 
sage of  this  wave  at  the  si  no-auricular  junction,  at  the  auriculo- 
ventricular  junction,  ami  at  the  bulboventrieular  junction,  so  that 
the  contraction  of  each  chamber  is  marked  off  as  a  separate  oc- 
currence. In  the  human  heart  and  the  mammalian  heart  in 
general  we  are  accustomed  to  distinguish  only  the  auricles  and 
ventricles,  but  physiological  and  anatomical  studies  combined 
have  shown  that  in  sucli  hearts  a  remnant  of  the  sinus  venosus  is 
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A  jp^nnrsUiipd  tvp«?  'if  vprt<'br«te  tivart,  r^initjininis  feiilurea  found  in  the  ec|, 
Kfith\:  n.  Sinun  venrMiu.i  iiDfl  vpinn;  '<.  aiiririjljir  canal;  *•,  uiirirlp;  J,  ventrii-lc; 
■  f,  n/jrt&;  l-l,  Hinf>-nurirLiliir  junrtion  und  vbdoiia  vnlvea;  2-2,  canuto-auncular 
|ttarii>>[i.  i-i.  unnular  put  of  auricle;  4-1.  iDvafinatcd  part  of  auricle;  5,  bulboventrioular 
juncUon. 


found  in  the  right  auricle,  particularly  in  the  area  lying  between 
the  op«^nings  of  the  venje  cavEe  and  round  the  coronary  sinus.  A 
special  collection  of  this  tissue  which  lies  "  in  the  sulcus  terminalis 
Just  below  the  fork  formed  between  the  junction  of  the  upper  sur- 
face of  the  aur:<'ular  appendix  with  the  superior  vena  cava"  has 
been  descrilx'd  by  Keilh  and  Flack,  and  is  tlesignated  as  the  .sino- 
annrular  node.  The  bent  of  the  In-art  begins  in  this  tissue,  as  in 
the  case  of  the  hearts  of  the  lower  vertebrates,  and  spreads  directly 
to  the  auricular  muscle,  with,  perhaps,  a  pause  at  a  sino-auricular 
junction,  although  this  is  uncertain.  At  the  other  end  the  bulbus 
cordis  remains  in  the  human  heart  as  the  conus  arteriosus  of  the 
right  ventricle,  and,  as  we  shall  see,  there  is  some  evidence  that 
this  portion  of  the  ventricle  contracts  somewhat  independently. 
34 
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The  matter  of  greatest  interest  in  connection  with  the  different 
chambem  has  been  the  nature  of  the  auriculoventrieular  junction. 
In  the  mammalian  heart  tendinous  tissue  develops  in  this  region, 
and  for  a  long  time  it  was  suppose<l  that  there  was  no  muscular 
connection  between  auricles  and  ventricles.  In  recent  years,  how- 
ever, it  has  been  shown  most  satisfactorily  that  there  is  a  peculiar 
band  of  cardiac  muscle  or  modified  muscle,  known  usually  as  the 
auriculoventrieular  bundle,  which  connects  auricle  and  ventricle.* 
The  bundle  as  a  definite  structure  Ijegiim  at  the  base  of  the  inter- 
auricular  septum,  at  the  posterior  margin,  and  on  the  right  side  in 
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WA 


Fig.  226, — ^To  ihow  the  position  of  the  nurieulovcmrifuJiir  bundle  id  the  heart  of  thi^ 
2,  The  >uriouloveDtTicular  buoillp.       An  il  ntti.^  hIouk  the  top  of  tbc  vcDtiicular  aeptumo 
feen  to  divide  into  twahnincliiis.tinc  entering  the  right,  tti<>  other  the  left,  vealriple;  3,  thefcr* 
ninit  of  lh<5  bundle  in  tho  nurirulaf  septutn  known  (m  the  A-V  node;  4,  the  branch  of  the  b«-*-' 
ontchox  the  ri^ht  ventricle  in  theaeptal  wall:  1.  renlral  rurtiloce  (/rom  Kriik't. 


a  collection  of  small  cells  or  fibers  known  as  the  node,  or  ■i>^ 
auriculoventrieular  node  {A-V  node),  it  runs  as  a  bundle  along  t'^ 
top  of  the  interventricular  septum  (see  Fig.  225),  and  near  t^^^ ^ 
union  of  the  posterior  and  median  flaps  of  the  aortic  valve    ' 
divides  into  two  main  brancht-s,  one  of  which  enters  the   rigb* 
ventricle,  the  otlier  the  left,  each  lying  beneath  the  endocardiuiU-- 
Paasing  down  the  septal  wall,  these  branches  divide,  f  as  repre- 
sented in  Fig.  22G,  to  form  a  systom  of  .strands  that  can  be  traced 

•  Sec  Ketzer,  ".\rchiv  f.  .\natomie,"  IWM,  p.  1,  and  " .Anatomies!  Record," 
2,  149,  190.S;  BnuniniR,  "Arrhiv  f.  PhyHir>k>Rie,"  1904,  aiinpl.  volume,  p.  1; 
Tawara,  "Das  RcizlcitunKRsvstetn  dea  Saugelhierheraena,'    Jena,  1906, 

tDeWitt,  "Anatomical  Record,"  3,  475,  1909. 
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over  the  inner  surface  of  the  ventricles,  ccnatitutin^  what  were 
formerly  designated  as  Purkinjc  liberH.  The  aurieuloventricular 
node  in  the  interauricular  septum  is  connected  with  the  muscula- 
ture of  the  auricles,  and  through  muscle  bundles  in  the  septum  with 
the  remnant  of  sinus  tissue  (sino-auricular  node)  at  the  mouth  of 
the  superior  vena  cava.  The  main  bundle  and  the  larger  branches 
of  this  system  are  surrounded  by  fibrous  tisvsue,  and  it  is  uncertain 
whether  or  not  it  actually  contracts  during  the  beat  of  the  heart, 
but  there  is  little  doubt  that  it  constitutes  a  conducting  system  of 
modified  muscular  tissue  through  which  the  excitation  is  conveyed 


p««    "I'M — Tho  itiirieuloveiitrii^ular  htitidlf  au<i  its  (pniiinal  raniificiitioDS  in  the  interior 
|tf'  model  runstructiKl  by  Mi'is  Dc  Wilt  un  biuun  of  tiiaseotiona).     The  divi- 

'  right  and  left  brumhc^  i-«  titiown,  uud  Itii-  ramiliRatioiia  of  each  of  them 

tlViui-  .:  :  jf  of  the  right  and  left  vcnlriclea.  Tho  braQchinc  avatem  io  the  left  ven- 
tricle M  uii>uiu()l«iti  la  the  iDodel.  lu  the  oui«r  waJI  of  this  ventricle  ama  be«ii  removed  in  Um 
rtion. 


from  right  auricle  to  the  ventricles,  and  {wrhaps  from  the  sinus 
region  first  to  the  auricles  and  then  to  the  veiitridejs.  The  A-V 
node  and  the  main  bundle  in  the  human  heart  are  striall  in  size — 
about  18  mm.  long,  and  from  1.5  to  2.5  mm.  wide,  and  they  and  their 
dependent  system  of  fibers  or  strands  in  the  interior  of  the  ventricles 
constitute,  according  to  Keitli  and  Flack,*  a  retnnant  of  the 
original  invagination  of  muscular  tissue  from  the  auricular  ring 
(Fig.  224 J,  through  which  auricle  and  ventricle  are  connected  in 
the  lower  vertebrates. 

The  Contraction  Wave  in  the  Heart. — It  seems  to  be  demon- 
strated that  normally  the  contractiofi  of  the  heart  begins  in  the 
sinus  tissue  of  the  right  auricle — the  so-called  sino-auricular  node 

•  K«ith  and  Flack,  "Journal  of  Anat.  and  PhysioIoRy,"  41.  172,  1906,  and 
43.  p.  1. 
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dt\scrihed  in  the  preredinR  paragraph — and  thence  it  spreads  fir 
to  the  auricif's  and  sul)sc(|Ut'ntiy  to  tlie  vriitrirle.s. 

In  thf  inuinniidiun  heart,  whtui  exposed  to  view,  it  is  evidei 
tliat  the  auricular  systole  i.s  not  sufficient  to  empty  its  cavity,  i 
far  at  least  as  the  atrium  is  eoncernwl.  The  contraction  of  tJ 
auricular  api>emta|>;es  is  more  forcible.  The  contraction  may  1 
regardeil  ius  a  rapifl  peristalsis,  which  sweeps  a  portion  of  the  Hoc 
Ix'fore  it  into  the  ventricle.  The  force  of  the  contraction  has  b« 
detemiined  in  a  numlier  of  cases.  For  the  auricle  of  the  dog 
heart,  the  pre#wure  caused  liy  the  contraction  has  been  estimate 
to  be  equal  to  9  to  20  mm.  Hk.  The  systole  of  the  ventricle  is  I 
the  eye  a  simultatveous  contraction  of  the  whole  mu.sculalur 
Various  observers,  however,  have  shown  that  the  wave  of  contra 
tion  travels  over  the  heart,  with  a  certain  velocity,  which  for  tl 
human  heart  has  been  estimated  at  5  m.  per  second  (Waller),  « 
for  the  rabbit's  heart  (iJotch)  at  'i  m.  per  second.  It  is  probal 
that  this  wave  start.-'  at  the  base  of  the  ventricle  and  travels  aloi 
the  course  of  the  fibers — that  is,  first  toward  the  aiiex  and  th 
into  the  interior  of  the  heart.  In  regard  to  this  yxrint  there  ha 
been  great  differences  of  o]>inion  among  ilitTerent  investigato 
While  the  older  view  assumed  :is  a  matter  of  course  that  the  cc 
traction  begins  at  the  base  ami  piusses  toward  the  aj-wx,  the  nev 
knowledge  in  regard  to  the  conduction  system  between  auric 
and  vent ricle.H  seems  to  indicate  from  the  anatomical  sitle  that  1 
auriculoventricular  Iniiulle  spreads  out  ujxm  the  pajiiilary  muse 
in  the  interior  of  the  ventricle,  and  that,  therefore,  the  eontracti 
of  the  ventricles  may  i>ep;in  with  the  papillary  musculature  a 
thence  spread  to  the  oblique  and  circular  fibers  of  the  ventricle 
This  anatomical  indication  has  been  confirmed  experimenta 
by  some  investiRators  and  contradicted  by  others.  Ohservatic 
upon  the  ]>apilllary  mu.scle.s  seem  to  show  that  they  are  not  t 
la«it  portion  of  the  iimsculature  to  enter  int/O  contraction,  t 
whether  the  ventricular  systole  begins  in  them  is  not  so  cle 
The  course  of  the  contraction  Avave  has  \>een  stufJied  chiefly 
means  of  the  accompanying  electrical  variation,  and  the  resu 
obtained  from  this  method  are  stated  briefly  in  the  succeed! 
parjmraph.  Between  the  auricular  and  ventricular  contrartic 
there  is  a  percept il>le  interval,  which,  for  the  human  heart,  can 
e.stimated  from  a  study  tjf  the  rec(»rds  of  the  jugidar  pulse.  The 
tervai  between  the  a  aurl  the  c  waves,  the  n-c  interval,  as  it  is  call< 
marks  the  time  intervening  l>etween  the  contraction  of  the  auric 
and  of  the  ventricles.  This  inter\'al  may  l>e  valued  at  0.2  .sec. 
less  (0,12  to  0.2  sec),  and  is  due  chieHy  to  the  time  necessary  I 

*  Consult  Nicolai  in  "  Nagel's  Handbuch  d.  Physiologic,"  vol.  i,  p.  824. 
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the  excitation  wave  to  pasa  over  tlie  cuiutuetinfi;  systein  bt-tween 
auricles  and  vontriclL's.  In  all  proUaJulity  the  condut'tion  in  this 
system  is  slower  than  in  the  nmscukture  of  the  auricles  orven- 
tricUtj.  In  the  dog,  for  example,  the  interval  between  auricular 
and  ventricular  contraction  is  about  ().!  wee.  Since  the  connecting 
auriculoventricular  i)umile  l»as  a  lenj^th  of  10  Ut  15  mm.,  the 
velocity  of  the  conduction  tlirough  this  liuudle  must  be  about 
10  to  15  cm.  jx-r  s»*cond. 

The  Electrical  Variation. — The  contnu-tion  of  the  Iieart 
muscle,  like  tiiut  of  skeletal  nuiscle,  is  accompanied  by  an  electrical 
change.  That  is,  where  the  muscle  substance  is  in  contraction  its 
electrical  potential  is  different  from  that  of  the  resting  nuiscle. 
The  advancing  wave  of  contraction  cau.ses  a  corresjionding  electrical 
change.  If  two  points  of  the  heart  are  connected  with  an  electrom- 
eter an  electrical  current  will  l>e  shown,  since  the  electrical  change 
^rill  affect  the  electrodes  at  different  times.  This  electrical  varia- 
tion of  the  contracting  heart  nuiscle  may  be  shown  easily  b>' 
meaas  of  the  rheoscopic  muscle-nerve  preparation  (see  p.  106).  If 
the  heart  is  exposed  and  the  ner\'e  of  the  pre|)aration  is  laid  over  its 
surface  each  ventricular  systole  Ls  accompanied  by  a  kick  of  the 
muscle,  since  the  nerve  by  connerting  sejjarated  ptiints  act«  as  a 
conducting  wire  for  the  current  genemted,  and  is  stimulated,  there- 
fore, at  each  systole.  Since  the  muscle-nerve  preparation  gives 
only  a  simple  contraction  for  each  ventricular  systole,  we  may 
assume  that  this  latter  contraction  Is  itself  .simple, — that  is,  due 
to  a  single  stimulus.  The  electrical  variation  may  l)e  obtained  also 
by  means  of  the  capillary  electrometer  or  the  string-galvanometer 
(p.  l(X)),  and  sinee  the  niovement  of  tlie  inerfury  nr  nf  tlie  .string 
in  these  instruments  may  be  photographed,  the  results  can  be 
studied  in  detail.  Owing  to  the  sen.'^itivene.ssof  the  instrument. 
the  beat  of  the  huuuin  heart  may  lie  registered  in  this  way 
(Waller)  when  the  right  hand,  giving  the  potential  changes  of  the 
base  of  the  heart,  is  connected  with  one  elect nxie,  and  tlie  left 
hand  (apex  of  heart)  is  connected  with  the  other.  The  electro- 
cardiograms thus  obtained  jdiotngraphically  show  that,  in  the 
ventricle  at  least,  the  electrical  variation  exliibits  several  plia.ses, 
and  the  character  of  these  phases,  that  is,  whether  the  base  or  the 
a|>ex  first  shows  a  negative  potential,  has  been  used  in  discussions 
upon  the  direction  of  the  wave  of  contraction.  In  Fig.  227  is 
given  an  illustration  of  a  human  I'lectrocanliogram  obtained  by 
connecting  the  right  and  left  hands  with  the  electrodes  of  a  .string 
galvanometer.  With  sucli  an  arrangement  or  "  lead  "  the  elec- 
triKli-  in  the  right  hand  may  lie  regarded  as  leading  off  from  the 
auricular  end  of  the  heart,  while  that  in  the  left  hand  leads  ofT 
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from  the  apex  of  the  ventricle.*  As  the  galvanometer  is  arranged, 
a  negativity  (indicative  of  contraction)  toward  the  auricular 
end  is  shown  by  a  movement  above  the  horizontal  base  line, 
while  a  negativity  toward  the  apex  is  shown  by  a  movement  in 
the  opposite  direction.  The  cardiogram  shows  that  the  heart- 
beat begins  with  a  sudden  development  of  negativity  at  the 
auricular  end,  wave  P;  this  is  interpreted  satisfactorily  as  being 
due  to  the  contraction  of  the  auricles.  The  following  ventricular 
contraction  begins  with  a  wa>ie  Q  below  the  line,  which  would 
indicate  a  contraction  toward  the  apex  of  the  heart.  The  inter- 
pretation of  Q  has  not  been  made  satisfactorily,  but  in  accordance 


ojSee 


T 


Fis.  227. —  Klmnx^rxlit^nnkiu  obtained  by  photoKrmphinK  the  movraienti*  nf  Uw 
UiiHMi  uf  •  r>tnn|l-nlvani>iiirtrr.  Ttir  upper  tiKutr  ^how.  the  phutf>icr»pheii  rurve.  white 
thr  lover  one  i»  •  oiaKimiu  ron!<lnirl<Hi  (rvuii  llir  plioloKrauh  l<t  iiiitke  rlmrer  the  elertrio*! 
ehanicni  in  a  sinxle  caivliar  c>cle.  To  obtain  ttii?  mt>ril  llie  elertn><le!<  wen<  connected 
with  the  riKht  anil  Ml  haotl».  \Vave!>  with  the  apex  upwani  indicate  that  tlie  baiw  <if  th« 
heart  lor  the  rixhl  renlnrle!  ■>  netcalive  t<>  the  apex  lor  left  venthrleV  Wavco  with  th« 
apex  dnwnwani  have  the  itpixMle  MKniliranre.  nave  /'  i!<  due  to  the  rtmt laelion  of  tha 
Mirirle.     Wave*  Q,  R.  .^^  and  T  oct-ur  dunnic  the  !>>>t»le  tif  the  veiilnrle.    (£inM«Ma). 

with  the  anatomical  arrangement  of  the  auriculoventricular  bundle 
referretl  to  in  t  ho  Ia.<it  |>aragraph  we  may  suppose  provisionally  that  it 
indicates  that  the  initial  ix>ntraotion  in  the  ventricle  starts  in  the 
fibers  of  the  papillary  musculature.  Q  is  immediately  followed  by 
the  large  wave  R.  which  indicates  a  contraction  at  the  Imisc  of  the 
ventricles,  followixl  by  a  nipitl  tnuisition  to  the  opposite  phase  S,  as 
this  oontrai>tion  ivksses  to  the  ajx'x  of  the  ventricle.  The  wave  T, 
occurring  at  the  entl  of  the  ventricular  ssystole,  indicates  that  some 
portion  of  the  b:is«'  of  the  ventricles  again  iia^wes  into  a  condition  of 
contraction.    This   wave   has   Ufu   explaine<l   satisfactorily   by 

*  Fur  A  ilcwription  of  tho  fhrtn-M^niuiKrain  and  the  literature  ronmilt  Ji 
Dd  WiUUnw.  "  Ainohran  .IvHinud  of  the  Medical  Sciences,"  Nov.,  1910. 
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iotch*  in  experiments  upon  the  exposed  heart.  He  shows  that  it 
is  due  to  a  contraction  of  the  ventricular  muaculature  near  the 
root  of  the  aorta  and  pulmonary  artery,  the  region  which  corre- 
sponds to  the  bulbus  arteriosu-s  in  the  lower  animals.  This  portion 
of  the  ventricle  is  the  last  to  enter  into  contraction,  as  would  be 
expected  when  we  remember  that  the  ventricle  develops  oriftinally 
from  a  tube  having  a  venous  and  arterial  end,  and  that  this  tube 
becomes  bent  upon  itself  so  that  these  two  ends,  the  ostium 
venosum  and  the  bulbus  arteriosus,  lie  together  at  the  base  of  the 
heart..  As  expressed  by  Keith,  the  base  of  the  ventricle  consists 
in  reality  of  two  parts — an  auricular  Itase  and  an  aortic  base,  the 
beginning  and  the  enrl  of  the  ventricular  tube,  and  the  electric 
cardiogram  traces  satisfactorily  the  wave  of  contraction  from  one 
to  the  other,  R  to  T,  by  way  of  tlu-  apex. 

Change  in  Form  of  the  Ventricle  During  Systole. — Much 
attention  has  been  paid  to  the  external  change  of  form  of  the 
ventricle  during  systole.  Does  it  liitninish  in  size  in  all  diameters 
or  only  in  certain  diameters?  The  question  is  one  that  cannot 
be  answered  definitely  for  all  normal  ronditson.s,  owing  to  the 
fact  that  the  form  of  the  heart  during  dia-><tole  varies  with  the 
posture  of  the  lM)dy.  During  diiu-^tole  the  heart  muscle  is 
quite  soft  and  relaxed,  ami  rousecjuently  its  shape  is  influenced 
by  gravity.  The  exact  change  of  form  that  it  undergoes  in 
passing  from  rli:ist«)le  to  systole  will  vary  with  its  shape,  what- 
ever that  may  happen  to  be,  in  diastole.  During  .systole  the 
musculature,  on  tiie  contrary,  is  hard  antl  resisting  and  the  form 
of  the  heart  in  this  phase  is  probably  constant.  Tlie  change 
from  the  variable  diastolic  tu  the  constant  .'3>'stolic  form  Avill  natu- 
rally he  different  in  differcMit  positions.  Witli  an  exci.sed  frog's 
heart  one  can  show  that  the  ventricle  is  elongated  in  pa.ssing  from 
diastole  to  systole  or  one  can  show  the  reverse.  If  the  heart  is  laid 
upon  its  side  it  flattens  in  diastole  so  as  to  increase  in  length. 
and  systole  causes  a  shortening.  If  the  he^rt  is  held  or  placed 
with  its  apex  pointing  upward  it  flattens  during  diastole  so  as 
to  shorten  the  diameter  from  base  to  apex  and  during  systole 
this  diameter  is  lengthened.  In  ourselves  the  exact  change  of 
diape  is  probably  different  in  the  erect  from  what  it  is  in  the 
recumbent  posture.  Speaking  generally,  the  accounts  agree  in 
stating  that  the  long  diameter  of  the  heart  is  decreased,  base  and 
apex  are  brought  closer  together,  and  the  diameter  from  right  to 
left  is  also  decreased,  while  the  anteroposterior  or  ventrodorsal 
diameter  is  increased.  That  is,  the  outline  of  the  base  of  the  heart 
during  diastole  is  an  ellipse  with  its  short  diamet«r  in  the  ventro- 
dcnsal  direction.  During  systole  this  outline  approaches  that  of  a 
•  Gotch,  "  H(«rt."  vol.  I,  p.  235,  1910. 
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circle*  A  more  interesting  change  is  described  for  the  apex  of 
the  ventricle.  Owing  to  the  whorl  made  by  the  superficial  fibers 
at  this  point  as  they  turn  to  pass  into  the  interior  (see  Fig.  223), 
the  systole  causes  a  rotation  of  the  apex,  which  is  thereby 
forced  more  finnly  against  the  chest  wall.  This  rotation  and 
erection  of  the  apex  during  systole  may  be  seen  upon  the  exposed 
heart  of  the  lower  mammals  and  has  been  described  also  for  man 
in  cases  in  which  the  heart  is  covered  only  by  the  skin,  owing  to 
malformation  in  the  chest  wall  (ectopia  cordis)  or  to  surgical 
operations.  The  exact  position  and  size  of  the  heart  in  man  and 
its  variations  in  these  respects  under  various  normal  and  patho- 
logical conditions  may  be  studied  quite  successfully  by  means  of 
the  z-rays.  When  the  x-rays  are  passed  through  the  chest,  the 
heart  forms  a  shadow  which  may  be  seen  with  the  aid  of  the  fluor- 
escent screen  and  which  may  also  be  photographed.  The  appa* 
rutus  used  for  this  purpose  may  be  so  arran^d  that  the  rays  pass 
through  the  chest  in  parallel  lines  and  give  a  shadow  of  the  exact 
size  of  the  heart.  The  arrangement  of  apparatus  for  this  purpose 
is  designated  usually  as  an  orthodiagraph,  and  the  photographic 
n'cord  obtainoil  is  spoken  of  as  an  orthodiagram.  It  may  be  shown 
l>y  this  means,  for  example,  that  during  muscular  exercise  there  is 
a  diminution  in  the  size  of  the  heart  accompanying  the  increase 
in  heart-rate. 

The  Apex  Beat. — The  apex  of  the  heart  rests  against  the  chest 
wall  at  the  fourth  or  fifth  intercostal  space,  and  here  the  systole 
may  \yo  seen  and  felt  in  consequence  of  a  slight  protnision  of  the 
Willi.  Much  discussion  has  ensued  as  to  why  this  protrusion 
cH'curs  liuring  systole,  since  the  &\ye\  is  drawn  toward  the  base 
and  the  volume  of  the  heart  is  diminished  by  the  output  of 
bloo<l.  The  fact  seems  to  l>e  explaine<l  satisfactorily  by  two  con- 
.sitienitions:  The  heart  during  iliastole  rests  against  the  chest  wall 
at  its  a|)ex  and  a  iK>rtion  of  its  anterior  surface,  but  causes  no  pro- 
tnision of  the  wall  liecause  the  tcn^soness  of  this  latter  is  sufficient 
to  flatten  or  deform  the  softer  heart  muscle.  During  systole  the 
hardeneil  heart  nius<*le,  on  the  contnir\*,  overcomes  the  now  rela- 
tively less  n^istant  integument.  The  rotation  of  the  apex  tends 
also  to  maintain  the  contact :  s«>  that,  although  the  heart  is  short- 
enwl  ill  its  long  «liainetor.  the  extent  of  the  movement  is  not 
sullioient  to  dnnv  it  away  from  the  clu^t  wall.  In  the  second  place, 
the  di.«'hargi'  of  the  heart  contents  into  the  cu^^•ed  aorta  by  tending 
to  stnughten  this  tul)e  caust^s  a  movement  of  the  whole  heart 
downwanl  which  countenicts  the  effect  of  the  shortening  in  the 
lonir  <iianii'ter.  The  ajx^x  beat  i.-«  pro<»f  that  the  apex  remains 
•  .<«•»•  ll;iviT:«ft  aii'l  l.'i«'-.  "  Ji>urn:il  <>f  Pliysiolnfty,"  12.  426. 
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s^n^liest  wall  during  systole  and  in  mammals  corroborative 
iments  have  l)oen  made  by  ninning  needles  through  the  trhest 
wall  into  the  base  and  the  apex  of  tlie  heart.     Such  needles  act  as 

I  levers  with  a  fulcrum  in  tlie  skin,  and  from  the  movement  of  the 
projecting  jxirtion  it  has  l>een  shown  that,  while  the  basal  portion 
of  the  heart  moves  downward  during  systole,  the  ajiex  remains 
more  or  less  stationary  except  for  the  (ateral  movements  due  to 
[the  rotation. 
The  Cardiogram. — The  apex  l>eat  may  be  recorded  easily  by 
means  of  appropriate  tambours.  Several  insiniments  have  l)een 
especially  deWsed  fur  this  purpose  ami  are  designated  as  cardio- 
graphs. The  cardiograph  descrilied  by  \hirey  is  shown  in  Fig.  228. 
It  consists  essentially  of  a  tamlmur  inclosed  in  a  metal  box.     The 

Kibber  membrane  of  the  tamijour  carries  a  button  which  can  be 
rought  to  bear,  under  a  suitable  pressure,  U]wn  the  apex  of  the 
beart.     The  movements  of  this  button  cause  pressure  changes  in 


Fin.  '^^^ — Umny'B  cnrtiioKimph.  The  button  on  the  tunbour  i.s  |>rc.-«e<)  upon  tbe 
0*«r  Um  »pex.  The  movements  are  tmiisrnitted  thruu^h  tlie  tube  lu  the  riRhl  to  a 
"     :  tainbour. 


jthe  air  of  the  tambour  which  are  transmitted  through  tubing  to  a 

jrdiog  tambour  and  recorded  on  a  kymogniphion,    A  simple 

effective  cardiograph   may  be  matle    by  pressing   a  fimnel 

the  skin  over  the  apex  and  connecting  the  stem  of  the 

fimnel    by   tubing    to   a  suitable    recording  tambour.     The   car- 

jdiograras  obtained  by  such   mcthocLs   have   been   the  subject  of 

mch  diacussion.     The  form  of  the  ciu"ve  varies  somewhat  with 

'the  inslnmient  used,  the  way  in  wliich  it  is  ajiplied,  tlie  position  of 

the  beart  apex  with  reference  to  the  chest  wall,  and  with  tiie  con- 

ciitions  of  the  circulation,  and  it  is  often  diiTicTdt  to  give  it  a  correct 

,iiiler})retation.    An    uncomplicated    form    of    the    cardiogram    is 
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represented  in.  Fig.  229,  7,  and  a  curve  more  difficult  to  interpret  in 
Fig.  229,  8.  It  should  be  S>ornc  in  mind  that  the  cardiograph  curve 
is  partly  a  pressure  curve  and  partly  a  volume  curve, — that  is,  ihe 
changes  in  vnkiine  a.s  well  as  the  changes  in  pressure  of  the  heart 
durius  systole  will  affect  the  instrument. 

The  Intraventricular  Pressure  During  Systole. — The 
analyses  of  the  details  of  the  systole  of  the  ventricle  liave  been  i 
by  a  study  of  the  changes  in  pressure  within  the  ventricle.    FoT 
this  purpose  a  tube  filled  with  linuiLi  is  intrmluccd  into  the  cavity  of 
the  ventricle.     A  tulie  used  for  such  a  purpose  is  designated  as  a 
heart-sound.     For  the  right  ventricle  it  is  introduced  through  an 
opening  in  the  jugular  vein  and  pushed  down  until  it  lies  in  tiie 
ventricle.     For  the  left  ventricle  it  is  introduced  by  way  of  the 
carotid  or  subclavian  arten-  and  in  this  case  is  forced  through  the 
opening  guarded   by  the  semilunar  ^'alves.    The  sound  is  then 
connected  to  a  suitable  recording  ap]>aratus  by  rigid  tubing  filleii 
with  liquid.    The  changes  in  pressure  in  the  ventricle  are  extensive 


I 
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Fig.   229- — Two  eardifn^rni  from  the  same  intiividAial  »<>  ;*linw  churucteri^tic  recordi:  a, 
Beginning  or  ayslole;  6-c,  eystoUc  plat«au.  -  (Alter  ,U<yr<^.) 

and  ver}'  rapid.  To  register  them  accurately  the  reeonling  instru- 
ment must  respond  wit^h  great  pronifrtness  and  at  the  same  time 
must  be  free  from  inertia  movements.  A  mercurj'  manometer,  for 
instance,  would  l>e  entirely  useless  for  sxich  a  pur})ose.  since  the 
heavj'  mass  of  mercnr^-  could  not  follow  accurately  the  quick  dianges 
in  pressure.  The  recording  manometer  devLsett  by  Hiirthle  (p. 
485)  seems  to  have  met  the  rertuirements  more  satisfactorily  than 
any  other  of  the  numerous  !n.stnmvents  descri}>ed.  Atvyjical  curve 
obtained  by  mean.<;  of  the  Hiirthle  manometer  is  given  ui  Fig.  230,  V, 
(Consult  also  the  classical  curve  obtained  liyChauveau  and  Marey 
from  the  heart  of  the  horse  [Fig  220].)  It  will  be  seen  that  the 
pressure  in  the  heart  rises  suddenly  with  the  beginning  of  the  ven- 
tricular contraction  and  a  certain  time  elapses  Ijefore  this  pressure 
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IS  strong  enough  to  open  the  seniiluniir  valves.  The  moment  that 
this  occurs  (1,  on  the  ventricuiar  curve  in  Fig.  230)  is  determined 
by  simultaneoiis  measurement  of  the  pressure  in  the  aorta,  it 
being  evident  that  the  pressure  will  begin  to  rise  in  this  latter 
vessel  the  moment  that  the  valves  oi>en.  It  is  interesting  to  find 
that  the  yielding  of  the  valves  to  tlie  rising  pressure  in  the  ventricle 
is  not  indicated  on  the  curve  it-self  liy  any  variation, — a  fact  which 
indicates  that  the  valves  open  smoothly,  and  are  not  thrown  back 
with  a  siulden  shock.  A  ver>''  characteristic  feature  of  the  ventric- 
ular cun'e  is  its  flat  top,  or  plakau  as  it  is  called.  In  some  cases 
the  plateau  slopes  more  or  less  upward,  in  other  cases  downward, 
depending,  doubtless,  on  the  respective  values  of  the  force  of  the 


V\t    2!l«). — Synctimnoun  reoird  tit  the  tntrav«tilricula.r  prenure  (,V),  anrl  the  noKio 
'  '  ■      ",  The  time  record, ^<«ch  vibratjon    =   i^g    sec. ;   0-5,  corrcHimadinjg  onii- 
■  i?un-ps;    I  niarkn  the  oppiiin^  nt  (lie  *<MniIiinnr  valves;   3  (or  shortly  aft^r) 
itK  iif  Dietie  valves  and  tiie  b<'K)nniiig  oT  dia^lclp.  —  iHiirthlr.) 

irt  contraction  and  the  aortic  tension,  for  during  the  whole 
time  of  the  plateau  the  semilunar  valves  are  open  and  the  ven- 
tricle is  discharging  a  colunin  of  blooil  into  the  aorta.  The 
different  features  of  the  ventricular  systole  as  gathered  from  these 
pressure  curves  are  expressed  by  Hiirthle*  as  follows: 

Sys-tole,  phase  of  coiitrat^tion  of  the  miuicle  fibers  (0  to  3  in  Fig.  230,  V). 

(a)  Pericwl  of  tensiou  (0  to  1),  during  which  theauriciilo-veiitrietilar  and 
semUunar  valves  are  hnth  clo!<«[i  and  the  heart  musole  ius  squeezing 
ui^Kin  the  conlaiiie<J  blocKl.  ThLs  j>eriod  ends  at  the  ojjeukig  of  the 
semilunar  vaivee. 

(fc)   Period  of  emptying  (1  to  3).     During  this  time  the  heart  \s  empty- 
ing itBclf  iTilii  llie  aorta  aiul  Ihe  intravenlriruJar  pressure  remains 
above  aortic  pressure.     It  ends  with  the  cessation  of  the  contrac- 
tion of  the  mascle  and  the  beginning  of  tho  rapi*!  relaxation, 
Diaivtole,  phase  of  relaxation  and  rest  at  tlie  muscle  fitters. 

(a)  Period  of  relaxation  from  3  until  the  curve  reaches  a  horizontal. 
At  the  l>egjnning  of  tlie  relaxation  the  .semilunar  valves  are  closed, 
and  from  compariiK>n  with  the  aortic  curve  the  ioBtaiit  of  the  occur- 
rence of  thia  closure  in  placed  shortly  after  3. 

*  HUrthle,  "Archiv  f.  d.  gesammte  Physiologic. "  49,  84,  1891. 
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(i»)  IVrioil  of  liliinu.  Tlvis  pfrioil  brfriiis  as  soon  as  tl»p  auriculovnitrif- 
ular  valvi's  ojRJ|i  ami  tiie  Htr«-jaii  of  ItliMiil,  which  had  been  flowinif 
into  the  auricle  thnmgliout  ihe  ventricular  systole,  is  pennitt^d  lo 
cnttT  dif  vontriclf.  iJjiriiitt  this  ]n"rioi|  of  filling  the  veiitridil«f 
prcsMire  rises  Hlij;htly  as  the  heart  hfcomes  turgid  with  blfXHl.  Tliu 
incn-aw  of  pressiuT  \s  iudie:i!<'it  iti  iiiiist  CMrdiogT;in»s  liy  a  erailijil 
rise  of  tlie  eurvv  during  (his  jjeriod.  il  is  Bliown  in  the  curvt  iit 
Chttuvenu  and  Mary,  given  in  Fig.  220. 

The    Volume   Curve   and   the    Ventricular   Output. — In  ihe 

luwer  iiiiiiiials  tlie  thorax  may  be  opened  witli  suitable  pre- 
cautions as  regards  anesthesia  an(]  artificial  resijiralion.  and 
the  heart  may  be  [ilaced  within  a  pletli\'sui(»graph  (see  p.  5W) 
to  Pleasure  its  chauf^es  in  vuluine  during  systole  and  diastole. 
If  the  whole  heart  is  treaterl  in  this  way  the  curve  of  vuluine 
changes  is  conijiHfated  lyy  the  fact  that  one  chamber,  the 
auricle,  is  filling,   while  the  other,  the  ventricle,  is  emptying. 


Fir.  231.  Ilmicniiii  tti  -liuw  ilie  nrroiiKi'm*""'  "'  '•i'"  Hpiiijpr<.i»ii  c-unli<iriirl«r  TT)^ 
raoordinK  taiiibtmr  !.■*  inverlfd.  «>  llmt  the  syalisle  will  give  an  up-Klnike  on  the  curve-^ 
<Arter  HirachltldtT.) 

A  more  useful  disposition  of  the  apparatus  is  to  enclose  only 
the  ventricles.  Several  different  forms  of  plethysmograph  have 
been  devised  for  this  pur|>ose,  antl  they  are  usually  spoken  of  as 
cardioinrters.  The  funu  dcst-ribed  liy  Henderson*  is  simple  and 
easily  applied  to  the  heart.  Its  structure  antl  the  connections 
of  the  recording  apiiaratus  are  indicated  in  the  diagram  given 
in  P'"ig.  231.  The  apparatus  consists  of  a  rubber  ball  or  glass  cham- 
ber with  a  circiilar  opcnhig  at  ono  point,  ()v«'r  this  oi>eiung  is 
placed  a  membrane  of  rubber  dam  with  a  central  opening  through 
which  the  heart  is  introduced,  as  shown  in  the  diagram.  The  nibber 
membrane  lies  snugly  in  the  auricvilovrntricular  groovt^  making 
an  air-tight  joint.  The  interior  of  the  ball  is  connected  by 
stiff  tubing  with  a  rcconling  tambour,  By  an  arrangement 
of  this  kind  the  vi-ntricles  are  kept  within  an  air-ehaml)er  cioee<I 
everywhere  except  at  the  outlet  to  the  recording  tambour. 
Everj'  change  in  volume  of  the  ventricles  will  be  recorded  accu- 

*  Henderson,    "Anieriran   Journal  of   Phyfjiology,"    16,   ',i'2,'i,    1006,   and 
23,  345,  1909,  contain  also  the  literuturc. 
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rately  provided  there  is  no  leak.  Moreover,  these  volume  changes 
may  be  given  absolute  values  in  cubic  centimeters  if  the  appa- 
ratus is  calibrated  beforehand.  The  cardiometer  furnishes  a 
convenient  method  of  estimating  directly  the  amount  of  blood 
entering  and  leaving  the  ventricles  under  varying  conditions, 
as  well  as  the  changes  in  heart-volume  that  may  result  from 
variations  in  tonicity.  When  the  heart  is  beating  slowly  the 
volume  curve  has  the  form  shown  in  Fig.  232.  During  systole 
the  ventricles  shrink  in  size  as  the  blood  is  discharged  into  the 
aorta  and  pulmonary  artery — the  up-stroke  of  the  curve.  At 
the  end  of  the  systole,  after  the  closure  of  the  semilunar  and  the 
opening  of  the  auriculoventricular  valves,  the  ventricles    are 


Flc.  332. — DUtKram  of  the  normal  volume  cur\-e  (plethyomoKram)  of  the  doK'!<  heart 
'wb«n  DMitinK  at  a  alow  rate  (after  UirKchj rider).  The  up-stroke  repreitents  the  Hyotole, 
the  down-atrolw  the  diastole;  4  to  5  the  period  of  diaBtaHin  (Hmdtnon).  At  5  tlie  auricular 
eoDtiaetion  eauaes  a  alight  additional  dilatation  of  the  ventricle.  1,  2,  and3  represent  the 
time  of  ooeumnoe  of  the  first,  second,  and  third  heart-sounds  reMpectively. 

dilated  rapidly  by  the  inflow  of  venous  blood.  Henderson  has 
emphasized  the  fact  that  the  filling  takes  place  Tiearly  a.s  rapidly 
as  the  emptying,  owing  doubtless  to  the  fact  that  at  the  end  of 
ventricular  systole  the  auricles  are  dilated  under  some  pressure, 
so  that  their  contents  escape  at  once  into  the  ventricles  as  soon 
as  the  intervening  valves  are  opened.  The  diftstolic  curve 
comes  back  nearly  to  the  base  line  and  then  forms  a  shoulder 
(4)  from  which  it  runs  parallel  to  or  approaches  gradually  to 
the  base  line  up  to  the  moment  of  auricular  contraction  (.5). 
The  period  of  rest  of  the  filled  or  nearly  filled  ventricles,  which 
on  the  curve  is  shown  from  4  to  5,  is  called  the  period  of  diastasis 
by  Henderson.  The  heart  cycle,  so  far  as  the  ventricles  are 
concerned,  falls,  therefore,  into  three  periods:  1.  Systole;  2, 
diastole;  3,  diastasis,  ^'ariations  in  heart  rate  affect  chiefly 
the  last  period;  this  becomes  shorter  and  shorter  the  more 
rapid  the  rate.  When  the  heart  rate  is  so  rapid  that  the  period 
of  diastasis  drops  out  altogether  and  the  systok;  begins  as  .^^oon 
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as  the  diastole  is  complete,  then  we  should  have  the  maximum 
output  of  blood  per  minute.  An  increase  of  rate  beyond  this 
point  would  lead  to  a  curtailment  of  the  period  of  diastole  and 
eventually  to  a  diminished  output  of  blood  per  minute.  Accord- 
ing to  the  account  just  given,  the  filling  of  the  ventricle  is 
practically  completed  before  the  auricles  contract.  Henderson 
believes  that  the  contraction  of  the  auricles  adds  very  little  or 
nothing  to  the  change  of  blood  in  the  ventricles,  but  other  authors, 
using  the  same  methods,  differ  from  him  in  this  conclusion. 
It  is  at  least  certain  that  the  ventricles  are  for  the  most  part 
filled  before  the  auricular  contraction  comes  on — this  latter 
act  may  add  a  greater  or  less  amount  to  this  charge,  according 
to  the  conditions  prevailing,  and  in  all  cases  its  contraction, 
besides  initiating  the  ventricular  systole,  doubtless  serves,  by 
raising  the  tension  in  the  ventricular  chamber,  to  bring  the 
auriculoventricular  valves  more  completely  into  the  position 
of  closure.  When  these  valves  are  deficient,  as  in  mitral  stenosis, 
the  contraction  of  the  auricles  plays  a  larger  part  in  completing 
the  filling  of  the  ventricles  (Hirschfelder).  For  the  cases  in 
which  it  can  be  applied,  the  volume  curve  enables  us  to  estimate 
the  ventricular  discharge  at  each  beat  and  the  outflow  per 
minute.  The  curve  as  registered  gives  the  outflow  for  the  two 
ventricles,  one-half  of  its  indicated  volume  will  give  the  outflow 
from  the  left  ventricle,  and  this  figure,  multiplied  by  the  pulse 
rate,  will  give  the  output  per  minute.  It  was  formerly  assumed 
that  at  each  systole  the  vcntriclos  eniptied  themselves  com- 
pletely, but  work  of  the  kind  described  in  this  paragraph  in 
which  the  volume  curves  were  obtained  have  shown,  on  the 
contrary,  that  at  the  end  of  systole  a  consideral)le  proportion  of 
the  blood  may  beJeft  in  the  cavity  of  the  ventricle.  The  amount 
thus  left  behind  will  vary  with  the  rate  and  other  conditions. 
According  to  Henderson's  figures  for  the  dog,  about  one-third  or 
somewhat  less  of  the  ventricular  charge  is  left  in  the  heart  after 
systole,  when  the  heart  is  l)eating  at  the  normal  rate  (VM)).  and 
the  quantity  of  l)loo(l  discharged  from  the  left  ventricle  at  each 
systole  is  approxiinatcly  .002  of  the  body  weight.  It  is  evident 
that  when  the  aortic  pressure  rises  to  an  abnt)rnjal  level  the 
discharge  of  blood  from  the  left  ventricle  will  be  or  may  be 
diminished,  with  the  result  that  tlie  blood  backs  up  in  tl>e  left 
auricle,  thus  raising  the  venous  pressure  in  the  lungs  and  retard- 
ing the  jiulnionary  circuhiti«»n.  On  the  other  hand,  as  Hender- 
son has  especially  eiiiphiisizcd.  the  outflow  from  the  ventricle 
nuist  be  influenced  very  directly  by  the  inflow  into  the  auricle 
from  the  veins.  Vari;i(i(ins  in  the  size  of  the  blood-ve.ssels,  such 
as  dilatation  of  the  small  arteries  or  possibly  loss  of  tone  in  the 
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veins,  may  bring  about  a.  fondition  of  venous  stasis  and  cut 
down  the  supply  of  blciod  to  the  heart  on  the  venous  side.  Con- 
siderations of  this  kind  are  helpful  or  necessary  in  explaining 
the  changes  in  circulation  which  occur  under  pathological 
conditions. 

The  Heart  Sounds. — An  interesting  and  important  feature 
of  the  heart  beat  is  the  occurrence  of  the  iieart  sounds.  Two 
sounds  are  usually  described,  one  at  the  beginning,  the  other 
t  the  end,  of  the  ventricular  systole.  The  first  sound  has 
deeper  pitch  and  is  longer  than  the  second,  and  their  relative 
pitch  and  duration  are  represented  frequently  by  the  syllables 
lubb-dup.  According  to  HaytTaft,t  l>oth  tones,  from  a  musical 
standpoint,  fall  in  the  bass  clef,  and  are  separated  by  a  musi- 
cal interval  of  a  minor  third.  The  sounds  are  readily 
heard  by  applying  the  ear  to  the  thorax  over  tfie  heart,  but  for 
diagnostic  purposes  the  stethoscope  is  usually  einployed,  and 
this  method  of  investigation  by  hearing  is  tlesignated  as  auscultation. 
The  importance  of  these  heart  sovmtla  in  diagnosis  was  first  em- 
phasized by  Laennec  (lSir>),  and  since  his  time  a  gre^t  number  of 
theories  have  been  proposed  to  explain  their  causation.  Indeed, 
the  subject  is  not  yet  closed,  although  certain  general  views  regard- 
ing their  cause  and  the  time  of  their  o<*currence  are  generally 
accepted.  The  second  sound  is  found  to  follow  immediately  upon 
the  closure  of  the  semilunar  valves.  The  usual  view,  therefore,  is 
that  the  soimd  is  due  ultimately  to  the  vibrations  .set  up  in  these 
valves  by  their  sudden  closiu^.  These  vibrations  are  transmitted 
to  the  column  of  blootl  in  the  aorta  (or  pulmonary  arterj')  and  then 
to  the  intervening  tissue  of  the  chest  wall.  Tliis  view  is  made 
probable  by  a  number  of  experimental  results,  some  of  the  most 
important  of  which  were  brought  out  by  Williams  in  a  report  (1836) 
of  a  conunittee  appointeil  by  the  British  Association  for  the 
special  purpose  of  investigating  the  subject.  It  has  been  shown: 
(1)  That  the  second  sound  disappears  before  the  firet  sound  when 
the  animal  is  bled  to  death,  and  indeed  as  soon  as  the  heart  ceases 
to  tiirow  out  a  supply  of  blood  sulTicient  to  maintain  aortic  tension. 
It  disappears  also  when  cuts  are  made  in  the  ventricles  so  that  the 
blood  may  escape  otherwise  than  through  the  arteries.  (2)  WTien 
the  valves  of  the  pulmonarv  artery'  and  aorta  are  hooked  back  in  the 
hving  animal  the  second  sound  is  replaced  by  a  murmur  due  to  the 
rushing  back  of  the  blood  into  the  ventricle,  and  if  the  valves  are 
dropped  back  into  place  the  normal  second  sound  is  again  heard. 
(3)  Similar  sountis  may  be  produced  if  the  root  of  the  aorta  with  its 
ralves  in  place  is  excised  and  attached  to  a  glass  lu\ye  carrying  a 
column  of  water.  With  such  an  arrangement,  if  the  valves  are  held 
•  "Journal  of  Physiology,"  11.  486,  1890. 
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open  for  a  moment  and  then  elosed  sharply  by  the  pressure  oftn 
cohmm  of  water  a  sound  similar  to  that  of  the  secontl  heart  sound 
is  heard. 

The  pliysician  uses  this  view  of  the  cause  of  the  second  sound  in 
auscultation,  and  it  is  evitlent  that  the  nature  of  the  sound  or  its 
replaeeiiient  hy  murtnurs  will  give  useful  testimony  regarding  the 
conilition  of  the  semilunar  valves.     The  first  heart  sound  has  of- 
fered more  difficulty.    It  occurs  at  or  shortly  hef  oix-  the  closure  of  the 
auriculo-ventricular  valves,  and  it  would  seem  natural,  therefore. to 
attrilnite  it  to  the  ^4bratinn  of  these  valves  when  sudtJenly  put  ujidef 
tension  by  the  ventrirular  systole.     Most  authors,  indee<l,  telieve 
that  this  factor  is  at  least  partially  responsible  for  the  sound,— 
that  is,  that  the  sound  contains  a  valvular  element.     But  that  this 
is  not  the  sole  cause  is  shown  by  the  fact  that  the  bloodless  beating 
heart  still  gives  a  sounil  at  the  time  of  the  ventricular  systole. 
Indeed,  if  the  apex  of  the  raljbit's  heart  is  cut  off,  it  continii.*^ 
to  beat  for  a  few  minutes  and  during  this  time  gives  a  first  hea^ 


fjfarcv):   V.D.,  Tracing  o(  tlie  vrrirricular  pressure  in  the  ricfat.veniricte  of  Lbe  hor 
Mw  the  two  murks  ithnw,  resriertivpLy,  tlie  tuiie  of  the  first  sad  miooiuI  sounds.     The  I 
occurs  iinriieilialcly  after  the  Ijciouiiing  of  aystole.  the  seoond  iniffl«di>t«ly  Bft«r  ttw  \irtP-  - 
oiag  of  diastole. 


^l 


sound.     It  is  usually  said,  therefore,  that  the  first  heart  sound  ^*^ 
caused  by  the  combination  of  at  least  two  factors, — a  valvula^^^  _ 
element  due  to  the  vibration  of  the  auriculo-ventricular  valves,  an^  -*1 
a  muscular  element  due  to  the  vibration  of  the  contracting  muscula  -^^ 
mass.     Accepting  this  view,  there  is  a  further  difficulty  in  explain   ^^' 
ing  the  origin  of  the  muscular  element.    According  to  some,  it  i»--*^ 
dxie  to  the  fact  that  the  contraction  of  the  muscle  fibers  is  nol 
simultaneous  throughout  the  ventricle  and  the  friction  of  the  inter- 
lacing fillers  sets  ujj  vibration  in  the  muscular  mass;  according  tc 
others,  the  so-callet!  muscular  element  is  mainly  a  resonance  tone  of 
the  ear  memlirane  of  the  auscultator,     the  shock  of  the  contracting' 
heart  sets  the  tympanic  membrane  to  vibntting.     It  seems  xiseleas 
to  attempt  a  detailed  discussion  of  these  conflicting  views,  since  no 
con%'incing  statements  can  be  made.    Practically,  the  time  at  which 
the  heart  sounds  occur  is  of  great  importance.     A  number  of 
observera  have  recorded  the  time  upon  a  cardiographic  tracing  of 
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the  heart  beat  with  results  such  as  are  shown  in  Fig.  233.  The 
shows  clearly  the  general  fact  that  the  first  sound  is  heard 
ver>'  shortly  after  the  beginning  of  systole  and  the  second  one 
immediately  after  the  end  of  systole.  The  first  sound  is  therefore 
8>'stoUc,  and  the  second  sound  diastolic.  A  more  exact  and  de- 
twled  study  of  the  time  relations  of  the  heart  sounds  has  been  made 
by  Einthoven  and  (Jeluk.*  I'hese  authors  obtained  graphic  records 
of  the  heart  soxmds.  The  sounds  received  first  liy  a  microphone 
■were  transmitted  to  a  capillar}'  electrometer  and  the  movements 
of  the  latter  were  photographed.  As  one  result  of  their  work  they 
give  the  schenm  shown  in  Fig.  234.  It  will  be  seen  from  this  figitre 
that  the  first  sound  begins  about  0.01  sec.  l>efore  the  cardiogram 
ihows  the  conmicncetnent  of  systole,  and  that  for  the  first  0.06  sec. 
je  sound  is  heard  only  over  the  apex  of  the  heart  (o-fc).     Over  the 


i   I    I   !'_'■'!'    I    I    I   1    I   ■'  J   I    I    I    I    I   I 

Fijt.  234. — Schamatic  rrpreaenlation  of  the  relation  o[  tlio  heart  wunds  to  the  ventrio- 
•  bmt;  C.  The  c»r<1ii>itmm ;  I,  to  show  the  <luralii)ri  of  the  hr«l  heart  .-totind:  2.  the 
»tk>ti  of  the  eeooiid  heart  sounii;  S,  the  time  reconl,  each  liivbion  corrosporKJing  to 
0.02  sec.  In  1.  a-a'  tnarlta  the  instant  that  the  first  heart  oouml  Ls  beard  over  Ihe  apex, 
aii'l  b-l>'  the  moment  that  it  ia  heard  at  the  second  iulercustal  xpaoe. — lEinl>U)ven  ani 
(Mut.) 


baae  of  the  heart  (second  intercostal  space)  the  first  sound  is  heard 
(6  to  e-d)  just  at  the  time  when  the  semilunar  valves  are  ojiened 
[b'), — that  is,  at  the  beginning  of  the  jx^rioii  of  emptying  according 
the  classification  given  on  p.  539.  The  first  sound  ceases  long 
the  ventricular  contniction  itself  is  over, — a  fact  which 
!d  seem  to  indicate  that  the  mxiscular  element  in  the  first  sound 
is  not  a  muscular  sound,  such  as  is  given  out  by  a  contracting 
skeletal  muscle.  The  beginning  of  the  second  sound  seems  to  mark 
^exactly  the  time  of  closurt;  of  the  semilunar  vahes.  The  character 
^Bnd  the  time  relations  of  the  murnuirs  that  accompany  or  replace 
^Bb« heart  sounds  form  the  interesting  practical  continuation  of  this 
^IPke;  but  the  subject  is  so  large  that  the  student  must  lie  referred 
'      for  this  information  to  the  works  u|x>n  clinical  niethoiis. 

The    Third   Heart  Sound. — Several  observers*    have    called 
itention  to  the  fact  that  in  certain  individuals  a  third  heart 

Einthoven  and  Geluk,  "  Archfv  f.  d.  gesammte  PbyBiologie,"  67,  617, 
Einthoven,  Urul..  KK)7.  vol.  117. 
tTlmver.  •'Btwton  Mtrd.  und  SurR.  Jotimal,"  158,  713,  190S;  Eintlioven, 
'Archiv  f."  d.  ges.  Physiol.,"  120.  31,  11K)7;  Gib8t>n.  "Lancet,"  1907,  IL.  1380. 


Dtgrtized-I 


546 


CIRCULATION    OF    BLOOD    AND    LYMPH. 


sound  may  be  heard  very  shortly  (0.13  sec.)  after  the  beginning 
of  the  second  sound.  Thayer  describes  this  sound  as  beinj 
"softer  and  of  lower  pitch''  than  the  second  sound,  and  in  sdnw 
cases  as  resembling  ruther  a  dull  thuti  or  hum.  In  those  persom 
in  whom  it  can  be  detected  it  is  heard  most  distinctly  over  tbi 
apex  of  the  heart.  Einthoven  has  shown  the  existence  of  lliii 
sound  by  objective  methods.  By  means  of  a  microphom 
attachment  the  heart  sounds  can  be  transmitted  to  the  string 
galvanometer,  in  which  they  cau.se  deflections  of  the  string  ilia 
can  be  photographed.  In  this  way  he  has  obtained  records  o 
the  third  sound  upon  individuals  in  whom  the  stethosco|>e  faile 
to  reveal  its  existence.  The  cause  of  this  sound  has  bee 
explained  differently  by  the  several  authors  who  have  inve 
tigated.  It  occurs  early  in  the  diastole,  and  Einthoven  sugges 
that  it  is  due  to  an  after-vibration  of  the  semilunar  valve 
Thayer  and  Gil).son  suggest  the  more  probable  explanation  tb. 
it  is  due  to  a  vibration  of  the  auriculoventricular  valves  whi< 
is  set  up  by  the  sudden  inrush  of  blood  from  the  auricl 
at  the  beginning  of  diastole.  This  inflow  of  venous  bloc 
distends  the  ventricle  sharply  and  throws  the  valves  into 
po.'iition  of  closure  with  some  suddenness.  The  sound  occu 
at  about  the  time  of  the  shoulder  on  the  diastolic  limb  of  tl 
volume  curve,  as  is  indifated  in  the  diagrani  in  F'ig.  232. 

The  Events  that  Occur  During  a  Single  Cardiac  Cycle. 
By  a  complete  caniiac  cycle  Is  meant  the  time  from  any  giv< 
feature  of  the  heart  beat  until  that  feature  is  again  produce 
It  may  he  helpful  to  summarize  tlie  events  in  such  a  cycle,  bo 
as  regards  the  heart  and  jus  regards  the  blood  contained  in 
We  may  begin  with  the  closure  of  the  semilunar  valves,  j 
that  moment  the  second  heart  sound  is  heard  and  at  th 
moment  the  ventricle  i.s  quickly  relaxing  from  its  previo 
contraction.  Since  the  auriculoventricular  valves  are  st 
closed  (see  diagram,  Fig,  219),  the  ventricles  for  a  brief  int«rv 
are  shut  off  on  both  side.s.  The  blood  Is  flowing  steadilv  in 
the  auricles  and  dilating  them.  As  soon  as  the  ventricles  rel; 
the  pressure  of  blood  in  the  auricles  opens  the  auriculove 
tricular  valves,  and  from  that  moment  until  the  beginning 
the  auricular  systole  the  blood  from  the  large  veins  is  fillii 
both  ventricles  and  auricles.  As  .stated  on  p.  541,  the  veno 
blood  which  ha.s  been  accumulating  in  the  auricles  during  tl 
ventricular  systole  flows  into  the  ventricle.'*  with  .some  sudde 
nes3  on  the  opening  of  the  auriculoventricular  valves.  Tl 
ventricles,  therefore,  dilate  rapidly  and  the  auriculoventricul, 
valves  are  floiitert  into  a  position  ready  for  closure.  This  evei 
occurs  at  about  the  time  that  the  third  heart  sound  is  heAT' 
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R^^lowITI^eating  heart  there  mjty  be  quite  an  interval  fperiod 
of  (jiastiisis)  between  tliLs  point  and  the  auricular  contra^'tion. 
The  auricular  systole  sends  a  suritlen  wave  of  blood  into  the 

P ventricles,  dilating  them  still  further  and  momentarily  blocking 
or  retarding  the  flow  from  the  larpe  veins,  and  causing  one  of 
"the  waves  seen  in  the  normal  venous  pulse  as  recorded  in  the 
I  jugular  veins.  The  ventricular  systole  follows  at  once  upon 
^vthe  auricular  systole,  the  exact  relations  in  this  case  depend- 
^Bing  somewhat  upon  the  pulse  rate.  As  the  ventricle  enters 
^Hinto  contraction  the  auriculo-vcntricxdar  valves  are  tightly  closed, 
^Bthe  first  sound  is  heard,  and  for  a  short  interval  the  ventricular 
^Pcaxity  is  again  shut  off  on  both  sides.  Soon  the  rising  pressure  in 
the  interior  forces  open  the  semilunar  valves,  and  then  a  column 
^B<)f  blood  is  discharged  into  the  aorta  and  pulmonaiy  artery  as  long 
^^as  the  contraction  la-sts.  During  this  interval  the  flow  at  the 
venous  end  of  the  heart  continues,  the  blood  being  received  into 
,the  yielding  auricles.  Indeed,  this  capacity  for  receiving  the 
renous  inflow  during  the  comparatively  long-lasting  ventricular 
.'Stole  may  lie  considered  as  one  valuable  mechanical  function 
fiilfiUed  b}'  the  auricles.  The  venous  flow  is  never  completely 
jlocked  and  at  the  most  suffers  only  a  slight  retardation  during 
le  ver>'  brief  auricular  systole.  At  the  end  of  the  ventricular  sys- 
>le  the  excess  of  pressure  in  the  aorta  and  the  pulmonary  artery 
'closes  the  semilunar  valves  and  c-omplctes  the  cycle. 

Time  Relations  of  Systole  and  Diastole. — The  duration  of  the 
aepante  phases  of  the  heart  beat  depends  natiirall\'  on  the  rate 
beat.    Assuming  a  low  pulse  rate  of  70  per  minute,  the  average 
luration  of  the  different  phases  may  be  estimated  as  follows: 

^'elltriculftr  systole =  0.379  aec. 

Ventricular  diastole  and  pause =  0.483    " 

Auricular  systole =0.1      to  0.17      " 

Auricular  diastole  and  pause =  0.762  to  0.692    " 

^Einthoven  and  Geluk,  in  the  investigation  referred  to  above, 

lured  the  time  intervals  of  systole  and  dia.stole  ckiring  fifteen 

periofb  of  a  healthy  man,  and  found  that  the  lime  for  the 

rentricMdar  sjistole  varied  l>etween  0.312  and  0.34G  sec,  while  that 

)r  the  dia.stolc  varied  from  0..385  to  0..518  sec.     Experiments  by 

number  of  obser\'ers  indicate  that  in  the  great  changes  of  rate 

[which  the  heart  may  undergo  under  normal  conditions  the  diastolic 

>ha.sc  (period  of  diastasis)  is  affected  relatively  much  more  than 

the  »«yst«"lic,  as  we  should  expect. 

The  Normal  Capacity  of  the  Ventricles  and  the  Work  Done 

»y   the  Heart. — Various   efforts   have   liecn   made   tu    measure 

^he  normal  ca[)acity  of  the  ventricles  in  man,  but  the  deter- 

ination  has  encountered  many  difficulties.     Experiments  and 
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observations  made  upon  the  excised  heart  are  of  little  value,  since 
the  distensible  walls  of  the  ventricles  >ield  readily  to  pressure, 
and  it  is  difficult  or  impossible  to  imitate  exactly  the  conditions 
of  pressure  that  prevail  during  life.     Nor  is  it  certain  whether 
normally  the  ventricles  empty  themselves  completely  during 
systole;  in  fact,  the  evidence  from  experiments  on  the  lower 
animals   indicates   that,    contrary    to   the   opinion    which    for- 
merly prevailed,  the  ventricles  throw  out  only  a  portion  of  their 
blood  at  each  beat.     The  older  observers  (Volkmann,  Vierordt) 
attempted  to  arrive  at  a  determination  of  the  normal  output 
of  the  ventricles  by  calculations  ba.sed  upon  the  velocity  of 
the  blood  in  the  carotid  and  the  wiilth  of  the  stream  bed.     from 
observations   on   many  animals   they  arrived   at   the  general- 
ization   that    at    each    systole  the    amount    of   blood    ejected 
from  the  'N'entricles  is  e<iual  to  about  xhf  of  the  Ixniy  weight.     For 
a  man  weighing,  say,  72  kilograms  (158  lbs.)  this  ratio  would  give 
an  output  for  each  systole  of  1S<J  gms.   (6  ozs.).     More  recent 
observers,  however,  have  foimd  this  estimate  too  high.     Howell 
and  Donaldson*  measured  the  output  directly  for  the  heart  of  the 
dog,  making  use  of  a  heart  isolated  from  the  Ixxiy  and  kept  beating 
by  an  artificial  circulation.    The  ratio  of  the  output  varied  with  the 
rate  of  beat;   for  a  rate  of  180  be^ts  per  minute  it  was  equal  to 
0.0011 7  (tH)  of  the  body  weight;  for  a  rate  of  120  beats  per  minute 
it  was  equal  to  0.0014  (y^).    This  ratio  is  therefore  about  one-half 
of  that  proposed   by  Volkmann.     Tigerstedt,  from  oheervatioos 
uptin  ral)l)it9,  ol)tained  a  lower  ratio  still  (0.(KK)42);  but  from  his 
own  results  and  those  obtained  by  other  workers  he  concludesf 
that  an  average  valuation  for  the  volume  of  blood  discharged  by 
each  ventricle  of  the  human  heart  is  from  50  to  100  c.c.     On  thki 
basis  one  may  make  an  approximate  estimate  of  the  work  done 
at  each  lieat.    I'sing  Tigerstedt's  figures,  such  results  as  the  follow- 
ing are  obtained:   On  the  left  side  the  heart  empties  tt«  100  c.c. 
against  a  pressure  of  150  nuns,  Hg.  (0.150  meter)  and  on  the  right 
side  again.st  a  pressure  of,  say,  60  mms.  Hg.  (0.06  meter).    The 
work  done  is  calculated  from  the  formula  w  =  pr,  in  which  p  n*pi»- 
aents  the  weight  of  the  mass  thrown  out  and  r  the  resistance  or 
nean  aortic  pressure.    This  latter  factor  must  lie  multiplied  by 
J 3.6,  the  detjsity  of  mercurj',  to  reduce  to  a  column  of  blood. 

Lwt   ventricle,  100  gms.  X  (0.1.50  X  13.6)  =  204.0  grwtmieUM. 
•      X  (0.06    X  13.6) 


Right 


100 


81.6 

285.6  grMumttaia. 

^Bowell  and  t)«»n'il'l'"'^"»  "  Philoaophical  Transuwiion*,"  Royal  Soe.,  Lfl» 

t«(lt    "  L«hrbuoh  tier  i'hysiologie  dec  KreuiUuf«s,^  p.  153.  IMft 
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To  this  must  be  added  the  energy  represented  l>y  the  velocity 
of  the  mass  ejected  into  the  aorta.  Placing  this  velocity  at  500 
xnms.  (0.5  meter)  for  both  aorta  and  pulmonary  artery,  the  energy 
represented  in  mechanical  work  is  estimated  from  the  formula  ^ 
in  which  p  represents  the  weight  of  the  mass  moved,  i"  the  velocity 
of  its  movement,  and  g  the  accelerating  force  of  gravity.  Applying 
this  formula  we  have  for  each  ventricle  ~2^^-^  -  =  1 .28  grammeters, 
or  for  both  ventricles  2,56  grammeters,  making  a  total  of  over  288 
grammeters  of  work.  That  is,  the  mechanical  work  done  at  each 
contraction  of  the  heart  is  equal  to  that  necessark'  to  raise  28S  gms. 
a  meter  in  height.  The  calculations  made  by  tlifferent  authors  as 
to  the  amount  of  blood  discliarged  from  each  ventricle  during 
By  stole  may  be  tabulated  as  follows: 

Tlionias  Young 45  gms. 

Vfilkmann 188  "     for  weight  of  72  kgms. 

Vierordt 180  "      "        "       "    "       " 

Fick .50-7.3  " 

HoweH  ai».!  notialcl,<an 75-90  "       "         "        "65      " 

Hoorweg  47  " 

Zuiiti.  W)  " 

Tiget>teili SO-KMt  " 

Plumier 70  " 

Loewy  aiid  v.  Schr6tter  ....  55  "      "        "          60-65  kgnis. 

The  Coronary  Circulation   during  the  Heart  Beat. — The 

condition  of  the  blood-flow  in  tlie  coronary  vessels  during  the  phases 

of  the  heart  beat  has  been  the  subject  of  much  speculation  and 

experiment,  since  it  has  entered  as  a  factor  in  the  discussion  of 

Kveral  mechanical  and  nutritive  problems  that  are  connected  with 

the  physiology  of  the  heart.    According  to  a  view  usually  attributed 

to  Thel^esius  (1708),  the  flaps  of  the  semilunar  valves  are  thrown 

l>ack  diuing  systole  ami  shut  off  the  coronary  circulation,  and 

therefore  the  coronary  vessels,  unlike  those  of  other  organs,  are 

filled  during  diastole.    In  modern  times  this  view  has  been  revived 

by  Briicke,  who  made  it  a  jmrt  of  his  theory  of  the  "  .self-regulation" 

of  the  heart  beat.     According  to  this  view,  the  eoronaries  are  shut 

o£F  from  the  aorta  during  systole  by  the  flaps  of  the  semilunar  valves, 

so  that  the  contraction  of  the  ventricle  is  not  opposed  by   the 

distended  arteries,  while,  on  the  other  hand,  the  reinjcction  of  these 

vessels  from  the  aorta  during  diastole  aids  in  the  dilatation  of  the 

ventricular  cavities.     Experimental  work  has  shown  decisively  that 

the  part  of  this  theory  rekting  to  the  closure  of  the  coronary  arteries 

by  the  semilunar  valves  is  incorrect.*    Records  of  pressure  changes 

)o  the  coronary  arteries  during  the  heart  beat  made  by  Martin  and 

Sedgwick  and  by  Porter  sliow  that  they  are  substantially  identical 

•Sec  Tortcr,  "American  Journal  of  Pliyaiulogy, "  1,  145,  1898,  for  liis- 
n  and  literature. 
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with  thuse  in  t!ie  parotirl  or  aorta,  and  records  of  the  velocity  of  the 
blooti-flovv  macJe  fiy  Rebate]  show  that  at  the  Ijeginning  of  systole 
the  flow  in  the  cfironaries  suffers  a  sudden  systolic  acceleration  as  in 
the  case  of  other  arteries.  During  systffle,  therefore,  the  mouths  of 
the  coronary  arteries  are  in  free  communication  with  the  aorta. 
But  the  coronary  system — arteries,  capillaries,  and  veins — is  in 
part  inabedded  in  the  musculature  of  the  ventricles,  and  we  should 
suppose  that  the  great  pressure  exerted  by  the  contracting  muscu- 
latuit!  would  at  the  height  of  sA'stole  clamp  oflF  tliis  system  and  stop 
the  coronary  circulation.  That  this  result  really  happens  is  intii- 
dicatcLl  by  Rcbutel's  turve-s  of  the  velocity  of  the  flow  in  the  coro- 
nary arteries.  As  shown  in  Fig.  235,  the  great  acceleration  («)  in 
velocity  at  the  Ijeginning  of  systole  is  quickly  followed  by  a  drop  to 
zero  (6)  or  even  a  negati^'e  value, — that  i.«t,  a  flow  in  the  other  direc- 
tion, towanl  the  anrt.i.  At  the  end  of  the  first  (relaxationi  phase 
of  diastole  there  is  again  a  sudden  increase  in  velocity  (c).  corre- 
sponding with  the  injection  of  the  arteries  frr>m  the  aorta,  followed 
again  by  a  decrease  at  the  end  of  the  dia.stole  at  the  time  when  the 
ventricular  cavity  is  filled  with  venous  blood  under  some  pressure. 
Porter,  moreover,  has  shown  in  an  interesting  series  of  experiments 
that  when  a  piece  of  the  ventricle  is  kept  beating,  by  supi)lying  it 
with  blood  through  its  nutrient  artery  from  a  rcser\-oir  at  con- 
stant pressure,  each  systole  causes  a  jet  of  blood  from  the  sev- 
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fjered  vf-ssels  at  the  rrtargin  of  the  piece.     In  fact,  the  r' 
•queeze  of  its  own  vessels  dmnng  systole  accelerates  effeii.  . 
coronary  circulation.    The  volume  of  blood  flowing  through  the 
bear:  '    itun*ttses  with  the  fre(|uency  or  the  forte  of  the  beat, 

W"'  stole  eniptics  the  conuuiry  system  more  or  I«W8  eom- 

iiwanl  the  venous  siile  and  at  each  diastole  the  distended 
.,ujcki>'  Oils  the  empty  ves.M'ls. 
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The  Suction-pump  Action  of  the  Heart. — So  far  in  con- 
sidering the  mechanics  of  the  circulation  attention  has  been  directed 
only  to  the  force-pump  action  of  the  heart.  All  of  the  energy  of  the 
circulation,  the  velocity  of  the  flow  and  the  internal  pressure,  has 
been  referred  to  the  force  of  contraction  of  the  ventricles  as  the 
main  cause,  and  to  certain  accessory  factors,  such  as  the  respiratory 
movements  and  the  contractions  of  the  skeletal  muscles,  as  subsid- 
iary- causes.  It  is  possible,  however,  that  the  heart  may  also  act  as 
a  suction-pump,  sucking  in  blood  from  the  venous  side  in  conse- 
quence of  an  active  dilatation.  According  to  this  A'ie\A',  the  heart 
works  after  the  manner  of  a  sj'ringe  bulb,  which  when  squeezed 
forces  out  liquid  from  one  end  and  when  relaxed  sucks  it  in  from 
the  other  in  consequence  of  its  elastic  dilatation.  While  this  \icw 
has  long  been  entertained,  motlern  interest  in  it  was  arousetl  ehiefly 
perhaps  by  the  experiments  of  (ioltz  ajid  Guule,  which  showed  that 
at  some  point  in  the  heart,  beat  there  is  or  may  be  a  strong  negative 
pressure  in  the  interior  of  the  ventricles.*  Their  method  consisted 
in  connecting  a  manometer  with  the  interior  of  the  ventricle  and 
terposing  between  the  two  a  valve  that  opened  only  toward  the 
lieart.  The  manometer  was  thus  converted  into  a  minimum 
manometex,  which  registered  the  lowest  pressure  reacheti  during 
the  period  of  observation.  By  this  method  they  and  others  have 
shown  that  in  an  animal  (dog)  witli  an  opened  thora.x  the  jjressure 
in  the  interior  of  the  ventricles  may  l)e  negative  to  an  extent  equal 
to  20,  30,  or  even  50  mms.  of  mercury.  Moreover,  by  the  use  of 
some  form  of  elastic  manometer,  such  as  the  Hiirthle  instrument 

»(p.  485), it  has  been  shown  that  this  negative  pressure  occurs  at  the 
end  of  the  period  of  relaxation,  at  the  time,  therefore,  at  which  it 
might  be  8upp<jsed  to  exert,  a  marked  influence  upon  the  inflow  of 

I  venous  blood.  It  should  be  added,  however,  that  a  negative 
pressure  can  not  l)e  shown  for  everv'  heart  l>eat.  It  may  be  absent 
altogether  or  slight  in  amount,  var>'ing,  no  doubt,  with  the  force  of 
contraction  and  the  condition  of  the  heart.  Plnsiuhigists  have 
attempt.ed  to  determine  tlie  cause  of  this  negative  pressure  and  the 
extent  of  its  influence  on  the  blood-flow.  With  regard  to  the  first 
question,  so  many  answers  have  been  proposed  that  it  is  difficult 
to  arrive  at  a  satisfactory  opinion.  According  to  some,  the  heart 
tends  to  dilate  at  the  end  of  its  systole  by  virtue  of  its  own  elasticity, 

I— that  is.  the  elasticity  of  its  own  nmscidature  or  of  the  connective 
tissue  contained  in  its  substance,  for  example,  l>eneath  the  en- 
docardiiun,  in  the  walls  of  the  arteries,  etc.  This  view,  however, 
finds  little  or  no  support  from  direct  experiments  made  upon  the 

♦  For  a  romplete  discussion  of  this  Mibjert  an<i  the  literature  see  the  ar- 
tirle  by  Eh^tein,  "  Die  Di!«tole  Jes  Herzens,"  in  the  "  Ergebni.«se  der  Physi- 
cjo^/'  vol  iii,  part  n,  1904. 
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fresh,  living  heart.     If  such  a  heart  in  a  bloodless   con< 
squeezed  by  hand  there  is  no  evidence  of  an  elastic  recoil  as  in  the 
case  of  a  syringe  hulb.     Others  have  explained  the  negative  pressure 
as  due  not  to  a  simple  elastic  expansion,  but  to  what  may  be 
ealled  a  physiological  expansion, — that  is,  an  expansion  due  to 
physiological  processes,  such  as  anabolic  changes.    Such  a  view, 
however,  is  at  present  more  or  less  speculative  and  can  not  l)e  con- 
clusively demonstrated.     Still  others  have  traced  the  expansion  of 
the  ventricle  and  the  resulting  negative  pressure  to  the  sudden  in- 
jection of  the  coronani'  system  from  the  aorta  at  the  beginning  of 
diastole.     The  heart  in  contracting  exerts  a  force  greater  than  that 
of  the  blood  in  the  coronary  vessels,  and  probably,  therefore,  the* 
vessels  are  emptied  and  their  cavities  obliterated  in  part-.    At  tb& 
beginning  of  diastole  they  are  reinjected  with  blocKl  under  a  pressd'* 
of  perhaps  100  mms.  of  mercury,  anil  this  fact  seems  to  offer"    • 
probable  explanation  for  a  partial  dilatation  of  the  ventricular  ca\'i*y 
and  a  production  of  negative  pressure  in  the  brief  inter\'al  before  t.^^ 
opening  of  the  auriculo- ventricular  valves.     No  view,  however,  K-^^* 
met  with  general  acceptance,  and  the  cause  or  causes  that  produce  if"^^ 
negative  intraventricvdar  pressure  are  still  a  subject  for  investig-^^" 
tion.     Regarding  the  second  question  proposed  above. — namel^^^'* 
the  extent  of  the  influence  of  this  negative  pressure  on  the  flo"^"^ 
of  venous  blood  to  the  ventricles, — much  diversity  of  opinion  al^^^*^ 
exists.     Direct    experiments   made   by    Martin   and    Donaldson  ^^ 

indicate  that  this  factor  has  little  or  no  actual  influence  upon 
venous  flow.     These  authors  used  an  isolated  dog's  heart  kej 
beating  by  an  artificial  supply  of  blood.     At  a  given  moment  th« 
stream  of  blood  into  the  vena  cava  was  shut  off  an<l  the  auricle  o  -—^       j 
the  heart  was  brought  into  communication  with  a  U  tube  fillei  '^^'     " 
with  blood.     It  was  found  that  the  auricle  took  blood  ivcnn  thi 
tube  only  so  long  as  the  pressure  in  it  was  positive,     .\lthotigh  the 
heart  continued  to  beat  \'igorously,  whatever  negative  pressure  ws 
present  in  the  ventricle  was   unable  to  suck  any   blood  into  the 
auricle  from  the  U  tul>e.     Porter  f  also  has  shown  that  at  the  time 
of  a  strong  negative  pre.ssure  in  the  ventricle  the  auricle  may  give 
little  or  no  evidence  of  a  similar  fall  in  pressure.     It  would  seem 
most  probable ,  therefore,  that  the  negative  pressure  observed  under ' 
certain  conditions  in  the  ventricles  is  a  fleeting  phenomenon,  and 
disappears  with  the  entrance  of  the  first  portion  of  the  blood  from 
the  auricles.     While  it  may  be  of  value  in  accelerating  the  opening 
of  the  auriculo-ventricular  valves,  its  influence  does  not  extend  to  an 

•  Martin  and  DonnMson,  "Studies  from  the  Biolopical  Laboratory,  Johns 
Hopkins  I'niversity,"  4,  37,  1887;  also  Martin's  "Physiological  Papers," 
Baltimon?.  1895.  See  also,  for  confirmatory  results,  von  dcj  Velden.  "  Zcit- 
schrift  f.  exp.  Pathol,  w.  Therauif .  1906,  iii.'.  432. 

t  "Journal  of  Physiology.''  XW,  513,  1892. 
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actual  suction  of  the  blood  from  the  veins  toward  the  heart. 
Other  authors,  however,  on  theoretical  grounds  attribute  more 
actual  importance  to  the  negative  pressure  as  a  factor  in  moving 
the  bluoii.  In  one  respect  it  would  seem  that  the  contractions  of 
the  ventricle  must  exert  a  direct  influence  in  accelerating  the  in- 
flow of  venous  blood  into  the  heart.  In  the  paragraph  ujwn  the 
venous  pulse  fp.  520)  it  will  be  recalled  that  the  steep  fall  of 
pressure  in  the  auricles  immediately  after  the  r  wave  is  attributed 
mainly  to  the  fact  that  the  contracting  ventricles  j)ull  the  flow  of  the 
auricles  downward  toward  the  apex  as  the  blood  is  discharging 
from  the  ventricular  cavities  into  the  aorta  and  pulmonary  artery. 
This  action  for  a  brief  jx'riod  must  exert,  a  suction  effect  in  drawing 
bkxvd  from  the  veins  into  the  auricles. 

Occlusion  of  the  Coronary  Vessels. — The  coronary  vessels 
supply  the  tissues  of  the  heart  with  nutrition,  inchiding  oxygen, 
so  that  if  the  circulation  is  intemiptctl  the  normal  contractions  soon 
cease.  The  branches  of  the  large  coronaries  fonn  what  are  known 
as  terminal  arteries, — that  is,  each  sufjplies  a  separate  region  of  the 
muijculature,  and  although  anastomoses  may  exist  they  appear 
to  l>e  too  incomplete  to  allow  a  collateral  circulation  to  be  estal>- 
lished  when  one  of  the  main  arteries  is  occluded.  The  portion  of 
the  heart  supplied  by  it  dies,  or  to  use  the  pathological  term,  under- 
goes necrosis.  On  account  of  the  pathological  interests  involved  — 
the  known  serious  results  thai  may  follow  occlusion  of  any  of  the  coro- 
vesaels  or  even  any  interference  with  the  normal  stnicture  of  the 
— a  number  of  investigations  have  been  made  upon  animals 
to  determine  the  effect  of  occluding  one  or  more  of  the  coronan.' 
vessels.*  It  would  seem  from  I'nrter's  experiments  that  the  residts 
of  such  an  operation  vary  according  to  the  size  of  the  area  deprived 
of  its  blood.  When  the  arteria  septi  alone  was  occluded  the  heart 
was  not  affected,  when  the  arteria  coronaria  dextra  was  occluded 
the  ventricular  contractions  were  arrested  in  IS  per  cent,  of  the 
cases  observed.  Occlusion  of  the  ramus  descendens  of  the  left 
coronar>'  artery  causeil  arrest  of  the  ventricles  in  50  per  cent,  of  the 
cases,  while  occlusion  of  the  circumflex  branch  of  the  same  artery 
caused  arrest  in  S()  }>er  cent,  of  the  cases.  Ligation  of  three  of  the 
arteries  causetl  stoppage  of  the  heart  in  all  cases. 

Fibrillar  Contractions. — The  arrest  of  the  ventricles  in  the 
experiments  just  described  followed  immediately  or  within  a  short 
period,  and  the  ventricles  went  into  fibrillar  contractions.  In  this 
curious  condition  the  varioiia  fiijers  of  the  ventricular  muscle,  in- 
stead of  contracting  together  in  a  co-ordinatetl  fashion,  contract 


I 


•  Fiir  a  ilcscription  of  r«sul1s  niid  Ihc  lUeraturp  see  PorttT,  "Journal  of 
Phywology,"  1.5,  121,  1893;  also  "Journal  of  Expt'rimenlal  Medicine,"  1,  1, 
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separately  and  irregularly;  so  that  the  surface  of  the  ventricle  has 
the  appearance  of  a  vibrating,  twitching  mass.    Such  a  condition 
in  the  ventricle  is  usually  fatal — ^that  is,  the  musculature  is  not  abk 
to  recover  its  co-ordinated  movement.     This  condition  may  come 
on  with  great  suddenness  as  the  result  of  occlusion  of  the  taieries, 
of  injury  to  certain  parts  of  the  heart,  or  from  strong  electrical 
stimulation.     Fibrillation  of  the  auricles  also  occurs  frequently 
under  experimental  conditions,  and,  indeed,  in  the  human  heart  sp- 
parently  under  pathological  conditions,  but  the  musculature  in  ttis 
part  of  the  heart  seems  to  be  able  to  return  to  its  nonnal  coH)rdixir 
ated  contractions  with  much  less  difficulty.  The  cause  of  the  sudden 
change  from  co-ordinated  to  fibrillar  contractions  has  never  be«i 
satisfactorily  explained.     In  this  connection  it  is  interesting   Ifl 
recall  also  that  when  any  injury  is  done  to  either  ventricle  s\il- 
ficient  to  stop  the  contractions  or  to  cause  fibrillation,  both  ven- 
tricles stop  together.    This  result  is  doubtless  due  to  the  f^Mit 
that  their  musculature  is,  after  all,  one  set  of  fibers  common     to 
both  chambers. 
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General  Statement. — The  cause  of  the  heart  beat  has  natnralh* 
natituted  one  of  the  fnudamental  objects  of  physiological  inquiiy. 
The  various  v-iews  that  have  been  jproposed  in  different  centuries 
fleet  more  or  less  accurately  the  advancement  of  the  science. 
ith  each  new  discover^'  of  general  significance  a  new  point  of  \iew 
obtained  and  the  theories  of  the  heart  heat,  like  those  of  the  other 
great  problems  of  physiologj',  shift  their  standpoint  from  generation 
to  generation.  The  general  modern  conception  of  this  problem 
is  referred  usually  to  Haller  (1757),  who  first  taught  that  the 
activity  of  the  heart  is  not  dependent  on  its  connections  with  the 
central  nervoija  system.  As  we  shall  see,  the  heart  Ijeat  is  controlled 
d  influenced  constantly  by  the  central  nerv'ous  system,  but  never- 
eless  the  important  j)oint  lia.?  been  e^^tablished  beyond  question 
that  the  heart  continues  to  !>eat  when  all  these  nervous  connections 
are  severed.  The  central  nervous  system  regulates  the  activity  of 
the  heart,  but  has  nothing  to  do  with  the  cause  of  its  rhythmical 
ntraction.s.  The  heart,  in  other  words,  is  an  automatie  organ. 
en  in  1S4S  Remak  discovered  that  nerve  cells  are  contained  in 
the  frog's  heart,  it  was  natural  that  the  cau.sati<jn  of  the  l>eat  should 
be  attribut<x:l  to  this  tissue.  iSubsequent  histological  work  has 
monstrated  the  existence  of  numerous  nerve  cells  in  the  substance 
the  heart  tissue  of  all  vertebrates,  ami  the  view  that  the  au- 
maticity  of  the  heart  is  due  in  reality  to  the  properties  of  the 
ntained  nerve  cells  was  the  prevalent  view  throughout  the 
ddle  and  latter  part  of  the  nineteenth  centur\'.  In  the  latter  part 
if  the  centim'  an  opjwsite  view  arose, — namely,  that  the  muscular 
sue  of  the  heart  itself  posvscsscs  the  property  of  automatic 
ythmical  contractility.  Both  these  ])ointa  of  view  persist  to  day. 
theory  that  refers  the  automaticity  of  the  heart  beat  to  the 
ntained  nerve  cells  is  designated  as  the  neurogenic  theor>''  of  the 
icart  Ijeat;  the  one  that  refers  this  pro))erty  to  the  muscle  tissue 
itself  is  known  as  the  myogenic  theon'.  Beyond  this  fpiestion  lies 
the  still  deeper  problem  of  the  explanation  of  the  automaticity 
itself,  the  cause  or  causes  of  the  rhythmical  excitation,  whether 
occurring  primariiy  in  the  muscle  cells  or  in  the  nerve  cells. 
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The  dividitiR  line  betwwn  the  ancient  and  the  modem  views  of  the  lieart 
beat  18  fmind  in  llie  work  of  William  Hurvey  ( 1628).  Before  hi«  time  phyn- 
cians  thuiiglit  tilong  the  lines  laid  down  by  tiie  ancient  masters,  Hi|)[MXTSteft, 
Aristotli>,  suid  CJalcn,  in  that  ilu-y  iM-lieveii  that  the  diaMole  of  the  heart  u 
tiie  ai-live  [tiirt  of  I  he  beat.  They  Iwlieved  that  the  heart  dilated  al  the  mo- 
ment of  iht"  apex  In-at,  the  dilatation  beinff  due  to  the  implanted  hest,  the 
vital  spirits,  a  spedal  [itilsatile  force,  etc.  The  arteries  dilated  al  the  same 
lime  fi)r  a  similar  reii.son.  lor  a  tjeriod  of  over  two  ihouNind  years  iiieti't 
minds  were  bo  chained  to  this  Wlief  that  they  apparently  coiild  take  no  other 
view.  Harvey,  liDwever,  had  the  boldness  ami  originality  to  look  at  the 
matter  differently.  He  saw  and  proved  that  the  active  movement  of  the  hr^ait 
is  a  contraction  during  systole,  which  drives  bluod  out  of  the  ventricles  into  the 
arteries,  and  coll^*e<^nently  that  the  nulso  of  the  art<'rie8  i«  not  due  to  tlidr 
active  dilatfllion,  but  to  a  distension  by  the  blood  forpe<l  into  them.  Ilarvejr 
may  l>e  con-siilcreil  also  a.«  the  founder  of  the  myogenic  theory  of  the  tieurt 
lieat.  For  although  he  did  not  speculate  ponceming  the  cauM-  of  the  b«at, 
he  taught  that  the  systole  la  an  active  contraction  of  the  heart V  own  muscu- 
lature not  dependent  upon  any  external  influence.  In  the  liauie  century  the 
first  nourogenic  hypothesis  was  formuiuttxl.  Willi.s  conceived  that  the  rere- 
iM'lluni  controI.<<  tin'  activity  of  the  involuntarj*  organ.*,  including  the  heart. 
The  aniniul  spirits  engendered  in  the  cerebellum  were  conveyed  to  the  hnut 
by  tlie  vagtis  nerA'c  and  cauiit>d  its  beat.  Borelli  formulat^'d  a  itomewhat 
ihfferent  view,  .\ccording  to  him  the  nerve  juice,  succuii  spirit  uof>u>i,  ei&lio- 
nited  in  the  central  ner>o«s  !«v8tem  was  tmnsmitted  to  the  heart  through  the 
cardiac  nerves  and,  di.stilling  slowly  into  the  musculature,  set  up  sn  •'InilHtion 
which  cau!«ed  an  active  exi)un.«ion  of  the  fjln-rs.     Tins  e.xpansii  >:  ^-,1 

the  isystole  and  drove  the  bloix!  out  of  the  heart.     liotli  of  1h<  -■  rr 

di.'fr)rove<l  or  remleretl  impnibabji'  largely  by  the  work  of  Haller,  .^n..  .ij  ii"57 
publishcil  the  .second  myogi-uic  tlieory  fn  a  form  which,  somewhat  modifird, 

!iivvail»  to-<iav.     Haller  believed  that  t  he  contraction  of  the  heart  i^  lim-  ii.  the 
nlierent  irritaoilily  of  it«  musculature,  and  that  the  venous  bloo  '  '-r* 

the  heart  stimulates  it  to  contraction.     Haller's  views  were  gener: ted 

for  some  years,  but  some  physiologists  continued  to  believe  timt  the-  hiiir i  imt 
it)  controlled  directly  by  the  central  nervous  sj'stem.  This  theory  fouml  it* 
moPt  defiiiite  expre«<ion  in  the  work  of  I^gallois.  1812,  wh<>  advanced  wliat 
may  be  colleil  the  ^second  neurogenic   hypothesis.     I'Vom  experiments  nudie 

up! ' 'N  lio  otmchuletl  that  the  principle  or  force  that  causes  thr  heart 

Ik  '<1  in  the  spinal  cord,  in  all  of  it-t  parts,  and  n;achi.«  the  hrui 

ihr     _  I  ini  lic^iif  1heKympatheticner\ef<up|)lyingtlii»  organ,   Lt;gaIlaif'o 

conchwions  (.>  Iiown  to  be  ernmetjus,  but  the  general  view  advocat4sl 

by  him  wa> I  by  i«f>me  as  late  as  the  middle  of  the  M*th  ci'ntury, 

in  fart  until  i\poniui'iital  physiology'  had  demonstrnte<l  the  tnie  fuortiooA 
«if  the  viurus  anil  accelerator  nerves  with  reference  to  the  heart.  Towanl  the 
mi'  "  P.ttli  f«'ntur>'  a  third  form  of  neurogenic  hyiKithesi*  amw,  whirh 

III  irig  w<eiiiM  In  liHve  liecn  due  to  the  work  <>r  tlie  system  of  Hirhat. 

Ar  '1  '-   .'.iiwir  the  ganglionic  or  svmpathetie  ityf-<"  ...i.i.iw..  i)ie 

tiv  U',  meaning  thereby  tne  vipecral  or;:  n^A 

III!  nee  i>f  the  will.     In   IS44   Kemak   di><  lie 

h'  -I  iHtruitsic  nerve  ganglia,  and  this  fact  set-mn  to  h»ve  iitdiKx-U  mart ' 

f>li  fo  lx»lieve  that   tlu-ise  ganglia  conMitute  n  motor  Center  for  the 

!•  id  <-o-oriliiiiitiiig  i(j<  lieat.      I'or  a  l»erio<l  of  fort  >  iiu 

for  t-nic  livpotlie-;i>i  enjoyeil  ahiiosl  univensal  ac*  •  la 

JK--  '    '     '       |M'rim«-nt.-i  ui>on  the  lieart  of  tin- '-  i<.rw>«*e 

ilt  isoitH  fur  believing  that   the  I<<  cetiic  iB 

OHL'  ;r:in)tV\iv  ■Af  sii""'^'  ■-'■  ''"^'   "f  •""   *-V 

parr  !  Knt  \\ioe  tum  lie 

tfM  r.  ix^  {^fifvtmetvt--  iJUl 

■  •  livfj"lhe..|»  arr.     ...v-ti-^vVetV  m  a^i;  U-xV.      Tlie  jno^v    hmJu&CMt 
•ir  {cii..wl«^lgt.  of       ^^„ctt^^'•'  "^  \W' V\\*«V  \wii.\  made   dunnc  the 
'  N  I*'  tl^^        v-tfo''*"'^'  ^^^'^^  ^^^*'  '\ww«.*n**"  •»»-^^»  o*  tV^ibtood 
,1  an^lT"    .IrwV'^*^  ^''^*"      "^"^^  ^*"^'*  ^*^'""^  '^Von  ^*>» 
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The  Neurogenic  Theory  of  the  Heart  Beat. — The  literature 

upon  this  topic  is  verv'  large.*    'i'he  neurogenic  theory  has  suffered 

(tome  chunges  in   its  details   since  first   proposed   by   \'olkmann, 

particularly  in  the  sjjecific  functions  assi|g^ed  to  the  different  ganglia 

that  exist  in  the  heart.     In  general,  however,  the  theory  assumes 

^■th&t  the  excitation  to  each  beat  arises  within  the  nerve  cells,  and 

^fsince  the  cardiac  cycle  begins  with  a  contraction  at  what  may  be 

called  the  venous  end  of  the  heart, — that  is,  at  the  junction  of  the 

veins  with  the  auricles, — it  is  assumed  tliat  the  excitation  or  inner 

stimulus  arises  in  the  nerve  cells  situated  in  this  region.     These  cells 

L^constitute.  therefore,  what  may  be  called  the  automatic  motor 

^Pcenter  of  the  heart.     The  stimuli  generated  within  it  are  transmitted 

through   its  axons  first  to  the   inusciilature  of  the  venous  end  of 

the  heart.     The  subsequent  orderly  march  of  this  contraction,  to 

auricles  and  then  to  ventricles,  is  also  upon  this  theory  usually 

l^ftttributed  to  the  intrinsic  nerve  cells  and  fibers.     Throiigh  a  definite 

^ftncchanism  the  impulses  generated  in  the  motor  center  are  tn\ns- 

niittetl  to  subordinate  nerve  centers  throngh  which  the  auricles  are 

^.excited,  and  then  to  other  nerve  cells  lying  in  or  ne^r  the  auriculo- 

^Birentricular  groove  through  which  the  ventricles  are  excited.     In 

^Hthis  form  the  theorj'  a&sumes  for  the  heart  an  intrinsic  central 

^Kiervotui  system,  as  it  were,  with  a  jjrinciiml  nuttor  center  in  which 

the  projjerty  of  automaticity  is  chiefly  developed  and  subordinate 

Benters  whose  acti\'ity  usually  depends  upon  the  princii>al  center, 

>ut  wliich  may  show  automatic  pro|)ertie8  of  a  lower  order  if  the 

tonnections  between  them  and  the  main  center  are  intemipted. 

'his  intrinsic  nervous  system  is  responsible  not  only  for  the  spon- 

ineous  origination  and  normal  sequence  of  the  beat,  but  also  for 

co-ordination.    The   many   muscular   fibers   of   the   ventricle 

>ntract  noimally  in  a  definite  miinner  and  setinence.  so  that  their 

jfTe«'t  i.s  summated.     Under  al)norrnal  conditii-n-s  the  fillers  may 

>ntract  irregularly,  giving  the  so-called  fibrillar  contractions  of  the 

le&rt,  which  are  inco-ordinated.     It  may  be  said  that  this  con- 

'ption  of  the  connections  of  the  intrinsic  nervous  system  rests 

linly    upon    deduction.s    from    physiological    experiments.     The 

listological  details  regarding  the  rotmections  of  the  ner\'e  cells  in  the 

>e&rt  are  not  yet  sufficiently  known,  but  it  can  not  be  said  at  present 

that  they  give  any  positive  support  to  such  a  view.     In  regard  to 

'the  neurogenic  theory*  the  following  general  statements  may  be  made: 

1.  Mo.st  of  the  very'  numerous  facts  known  regarding  the  heart 

•  For  recent  gpneral  pre»entationa  from  diffprent  standpoints  aee  Gaskelt. 

on  "The  Contraction  of  Cardiar  Muscle,"  in  Srliilf«?r's  "Text-book  of 

lofD',"  vol.  ii,  190();  IjjinKfnriorfT,  "Hnrzinaskol  und  intrukardiale  In- 

ion  '  in  "Ergebnirtso  der  PhysioloEip,"  vol.  i.  part  u,  1902;  and  Cyon, 

'inn'T\'»(ion  du  ctrur,"   Richct's  ''Dictionnuire  du  Phvsiolof^ic,"  vol.  iv, 

10;  Flack,  in  Hill's  "Further  Advances  in  Physiologj,''  1909,  •>}. 
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beat  and  its  variations  nndcr  experimental  conditions  may  be 
explained  in  terms  of  the  theory,  or  at  least  do  not  contradict  iL 
The  same  statement,  however,  may  l»e  made  regarding  the  myogmie 
theory.  Both  theories  may  be  applied  successfully  from  a  logical 
standpoint  to  the  explanation  of  known  facts. 

2.  No  single  fact  is  known  which  can  be  cited  as  positive  proof 
that  the  nerves  particijttite  in  the  production  of  the  normal  best 
of  the  vertebrate  heart.  The  ex|jeriment  by  Ivronecker  and  Schmey 
is  sometimes  given  tliis  significance.  These  ol>sen'ers  have  shown 
that,  when  a  needle  is  thnist  into  a  certain  spot  in  the  dog's 
ventricle,  the  regularly  contracting  heart  falls  suddenly  into  fibrillar 
contractions  so  far  as  the  ventricles  are  concerned.  The  ex- 
periment is  certainly  a  striking  and  interesting  one.  The  needle 
may  be  thrust  many  times  into  certain  portions  of  the  muscu- 
lar mass  without  affecting  the  powerful  co-ordinated  contrat'tions, 
but  in  the  region  specified  by  Kronecker  a  single  puncture,  if 
it  reaches  the  right  spot,  caupes  the  ventricle  to  fall  into  ir- 
regular filjrillar  twitches  from  which  it  doc-s  not  recover.  The 
spot  as  described  l)y  Kronecker  is  along  the  line  of  the  septum  at  the 
lower  iMirder  of  its  upper  third.  The  experiment  frequently  fails; 
and  it  would  seem  that  there  must  be  a  definite  and  qtiite  circum- 
scribed stnicture  whose  lesion  produces  the  effect  described.  We 
have  no  evidence  as  yet  what  this  structure  is,  and  are  therefore  in 
no  condition  to  make  positive  inferences  with  regard  to  the  bearing 
of  the  experiment  upon  the  origin  of  the  heart  Ijeat.  Carbon* 
has  descrilx^d  experiments  upon  the  heart  of  the  horseshoe  crab 
(Lunulusi  which  ae»Mn  to  sliow  conclusively  that  in  this  animal 
the  rhnhmical  contractions  are  dependent  upon  the  intriniuc  nerve 
cells.  These  latter  are  placed  superficially,  forming  a  cord  tliat 
runs  the  length  of  the  tubukr  heart.  When  this  cord  is  removed 
the  hfurt  resuses  to  l>eat.  There  are  reasons,  howe\'er,  which  at 
present  nmke  it  dotii>tfid  whether  we  can  apply  the  results  of  this 
experiment  to  the  vertebrate  heart.  The  cnistacean  heart  diffen 
from  the  verfelirate  heart,  in  its  fimdamental  properties;  unlike  the 
latter,  it  has  no  refrart^rj'  period  (see  p.  564),  can  be  tetanizetl,  and 
pivt-s  submaximal  contractions.!  It  is  a  tissue,  therefore,  thai 
resembles  in  il.s  pro|XTties  ordinary  skeletal  nmsric  in  the  verte- 
brate, and,  like  this  muscle,  it  seems  to  be  lacking  in  automatiritjr. 
Carlsfin's  ex]>erinjents  give,  however,  another  instanre  of  automatie 
rhythmicity  in  nerve  tissue,  and  to  that  extent  support  the  MUKh 
genie  theory. 

The  Myogenic  Theory  of  the  Heart  Beat — ^Tbe  m: 


van 


'CwtIboo,  ".\rooririui  .FoumAl  of  rhyMolnffy,"  12,  67,  and  -471,  IWIfii. 
t  Hunt,  Booktnaii,  tui<\  Tiemey,  " CetitnublEtt  f.  ^ynottjgjtt,'' 
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theon'  has  been  developed  chiefly  by  Gaskell  and  by  Engelmann. 
It  assumes  that  the  heart  muscle  itself  possesses  the  property  of 
automatic  rhythmicity  and  that  this  property  is  most  highly  de- 
veloped at  the  venous  end.  This  portion  of  the  heart,  therefore, 
contracts  first  and  the  wave  of  contraction  spreads  directly  to  the 

tjnusculature  of  the  auricle  and  thence  to  that  of  the  ventricle.     The 

juickly  Ideating  venous  end  sets  the  pace,  as  it  were,  for  the  entire 

irt.     The  nerve  cells  and  nerve  hi  lers  that  are  present  in  the  heart 

fgare  upon  this  theor.'  supposed  to  be  connected  with  the  extrinsic 
nerves  through  which  the  rate  and  force  of  the  heart  beat  are  regu- 

i^l&ted,  but  they  are  not  concerned  in  the  production  of  the  beat. 

iny    experimental    facts    have    been   accumulated    which    give 

probability  to  this  view,  and  it  has  l>een  adopted  by  many,  perhaps 

ntost,  of  the  recent  workers  in  this  field.     Some  of  the  facts  that 

favor  this  theory  are  as  follows: 

1.  The  anatomical  arrangement  of  the  musculatm^  of  the 
heart  is  not  opposed  to  such  a  theory-.  It  was  formerly  stated  quite 
positively  that  there  is  no  muscular  connection  lietween  the  auricles 

,»nd  ventricles  in  the  mammalian  heart,  but  we  now  know  that 
aese  two  parts  of  the  heart  are  connected  through  a  peculiar 
tem  of  nmscidar  tissue,  the  auriculo ventricular  bundle  and  its 
^ramifications.     It  may  be  accepted  aiso  that  the  wave  of  excitation 
from  the  sinus  end  of  the  heart  passt-s  along  this  system.     All  the 
..detectable  nerve  trunks  crossing  the  auriculoventricular  groove 
%y  be  cut  without  altering  the  se<]uence  of  the  heart  beat,  but 
tion  or  compression  of  the  A-V  bundle  brings  on  at  once  the 
)ndition   of   dissociated    heart-rhythm    known    as    heart   block. 
According  to  some  observers,   however,   the  auriculoventricular 
)undle  contains  nerve-fibers  as  well  as  muscle-fibers,  and  the  advo- 
cates of  the  neurogenic  hypothesis  make,  therefore,  the  somewhat 
iprobable claim  that  these  particular  nerve-fifiers  of  all  those  that 
between  auricle  and  Vfntricle  are  the  only  ones  concenu'd  in 
»e  conduction  of  the  normal  stimulus  from  auricle  to  ventricle. 

2.  The  fact  that  a  contraction  started  at  one  part  of  the  heart 
may  travel  to  other  portions  through  the  intervening  musculature 

[  may  be  said  to  l>e  demonstrated.  Thus,  Engelmann  has  shown 
j  that  if  the  ventricle  in  the  frog's  heart  is  cut  in  a  zigzag  fashion, 
[  80  that  strips  are  obtained  which  are  connected  only  by  narrow 
^H  bridges,  a  stimulation  applied  at  one  end  starts  a  wave  of  con- 
^H  traction  which  propagates  itself  over  all  of  the  pieces.  This  and 
^■similar  experiments  scarcely  i>ermit  of  explanation  on  the  sup|K>si- 
^■tion  that  conduction  from  piece  to  piece  is  effected  by  a  definite 
^Bnervous  mechanism.  So  too  it  has  been  shown  that  imder  certain 
^Bconditions  the  nonnal  auriculo-ventricular  rhythm  can  be  clianged 
^|at  will  to  a  ventricuk)-auricular  rhythm.  If,  for  instance,  a  ligature 
P       be  tied  around  the  frog's  heart  between  the  sinus  venosus  and  the 
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auricle  (first  ligature  of  Stannius)  the  auricle  and  ventricle  cease 
to  beat.  In  this  quiescent  condition  a  slight  mechanical  stimulus 
to  the  ventricle  causes  it  to  beat  and  its  contraction  is  immediately 
followed  by  that  of  the  auricle.  A  similar  reversed  rhythm  mav  he 
obtained  fwrni  the  mamTnalian  heart  under  suitable  conditions. 
Such  an  experiment  makes  it  mast  probable  that  the  contraction 
is  proija^ated  from  one  chamlier  to  the  other  directly  through 
the  muscular  connertions.  It  is  not  possible  at  present  to  conceive 
tlrat  a  definite  mechanism  of  neuron.s  should  work  thus  in  either 
direction. 

li.  Thei*e  is  nuich  proimble  proof  that  the  heart  muscle  tissue 
possesses  the  property  of  automatic  rhythmical  contractions.  Ex- 
periments, initiated  In'  Giuskcll  and  since  extended  by  numeroti* 
observers,  show  that  in  the  cold-blooded  animals  strips  of  heart 
muscle  taken  from  various  parts  of  the  heart  will  under  pro|>^ 
conditions  develop  rhythmical  contractions.  It  is  very  improbable 
that  cuch  of  these  strips,  no  matter  how  made,  contains  its  own 
resident  nerve  c^-lls  or  nerve  tissue  which  act  as  a  motor  center. 
These  rt'sults  seem  to  demonstrate  an  inherent  property  of  rhythm- 
icity  in  cartliac  muscle,  whether  or  not  this  rhythmicity  is  directly 
respoasible  for  the  normal  beat. 

4.  It  has  been  shown  that  in  the  embryo  chick  the  heart  pul- 
sates normally  before  the  nerve  cells  have  grown  into  it,  and  it 
is  stated  that  in  the  hearts  of  a  number  of  invertebrates  no  nerve 
cells  can  be  found.  It  is  evident  from  this  brief  and  imperfect 
presentation  that  it  is  not  possible  to  claim  that  either  the  neuPO* 
genie  or  the  myogenic  theory  is  demonstrated,  but  most  ph>'8iol- 
ogist.s  {)erhaps  at  present  believe  that  the  latter  view  is  more  in 
accord  with  the  facts.* 

Automaticity  of  the  Heart. — As  was  said  above,  the  que»> 
lion  of  tin-  cau.se  or  cau.se»  of  the  automatic  rhythmical  c<in« 
tractions  must  l»e  sought  for  whether  the  phenomenon  turns  out  to 
be  a  property  of  the  muscular  tissue  or  of  the  nervous  tissue  of  the 
heart.  When  we  say  that  a  given  tissue  is  automatic  we  meaa 
tliat  the  stimidi  which  excite  it  to  activity  arise  within  thetiwue 
itself,  and  are  not  brought  to  it  through  extrinsic  nerAes.  In  the 
heart,  therefore,  we  ajwume  tlxat  a  stinuilus  is  continually  beiqg 
produce<i,  and  we  speak  of  it  as  the  inner  stimulus.  Irbcperiment  and 
speculation  have  been  directed  toward  unraveling  the  nature  d 
this  inner  stimulus.  Mo.>*t  of  the  physiologists  who  have  cxprcased 
an  opmion  ujxjn  the  siibje<'t  have  sought  an  explanation  in  the 
comjMwition  of  the  bl()o<i  or  iN^mph  bathing  the  heart  tissue,  or  in  the 
produrta  of  metalnjlisni  oi  ^^^  tissue  itself.    Regarding  this  Utter 

'Far  A  cou,,„.-,-„.^     .^^    parily  myngenir  nnd  partly  ncura«HMi!, 
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riew  there  is  nothing  of  the  nature  of  dirort  experimuntal  i-vtdfncp 
its  favor.     No  product  of  the  metabolism  of  the  heart  tuwue 
capable  of  exerting  this  stimulating  effect  lia.s  Ijeen  Lsolated.     In 
fgard  to  the  former  \'iew,  that  the  inner  .sttmukis  i.s  connected 
ith  a  definite  composition  of  the  blooil  or  lymph,  there  has  \)een 
jusiderable  experimental  work  which  is  oi  fundamental  si^ifi- 
mce.     While  the  older  physiologL*it.s  paid  at  tent  inn  mainly  to  the 
Jriranic  substances  in  the  l>[ood,  it  has  been  shown  in  recent  years 
lat  the  uiorganic  salts  are  the  elements  whose  influence  upon 
le  heart  beat  is  most  striking.     These  saltsS  are  in  solution  in  the 
IKqnid  of  the  tissue,  anil  are  therefore  proljably  more  or  les.s  com- 
pletely dissociated.     Attention  has  been  directed  nuiinly  tn  the 
influence  of  the  cations,  of  which  three  are  ej^pecially  iniportant, 
, — namely,  the  sodium,  the  calcium,  and  the  pQt:wsium. 
I      The  Action  of  the  Calcium,  Potassium,  and  Sodium  Ions  in 
the  Blood  and  Lymph. — It  has  long  been  known  that  the  heart 
of  a  frug  or  terraiiin  may  lie  kept  beating  nornuUh-  for  hours  after 
jmoval  from  the  body,  provide<.l  it  is  supplied  with  an  artificial 
irculation  of  blood  or  lymph,  so  arranged  that  this  li(]uid  enters 
\e  heart  through  the  veins  from  a  reservoir  of  some  sort  and  is 
jumpefl  out  through  the  arteries  leading  from  the  ventricle.     It 
ras  first  shown  by  Alerunowioz,  working  under  Ludwig's  direction, 
lat  an  aqueous  extract  of  the  ash  of  the  blood  possesses  a  similar 
'action. 

Ringer  afterwards  proved  that  the  frog's  heart  can  be  kept 
^Ubeating  for  long  iieriods  upon  a  mixture  of  sodiuni  chlorid,  potassium 
^Hphlorid,  and  calcium  phosphate  or  chlorid,  and  he  laid  esjiecial 
^■M^re-ss  upon  the  imjwrtance  of  the  calcium.  This  work  was  after- 
^■R'ards  confirmed  and  extended  by  Howell,  Loeb,  antt  others,  who 
^mttempted  to  analyze  the  part  playetl  b\'  the  seAeral  ions.*  If 
^^p  frog's  or  terrapin's  heart,  is  fed  with  a  solution  of  physiological 
^Tflaline  (NaCl.  0.7  per  cent.)  it  beats  well  for  a  while,  but  the 
beats  soon  weaken  and  gradually  fade  out.  If  in  this  condition 
the  heart  is   fe«l   with  a   proper  mixture  of  soilium,   potassium, 

I auid  calcium  chlorids  it  beats  ^'igorousl\'  and  well  for  ven'  many 

^^sours.  A  solution  containing  these  three  salts  in  proper  propor- 
^Rions  is  known  usually  as  Ringer's  nuxture.  The  exact  eom- 
^■podtion  has  been  varieft  b\'  different  workers,  but  for  the  heart 
i^o(  the  frog  or  terrapin  the  following  composition  is  most  effective: 

NaCl =  0.7      |>erceut. 

KCJ =   0.03     '*       " 

CaCl =   0.025  "       " 

,•  For  litf^raturc  and  discuasion  sfc  Howell,  "  .\tneri<'.an  Journal  of  Phys- 
f,'  2,  47,  189S,  and  6,  ISl,  1901,  tmd  ". Journal  of  Ihc  .^.mcrican  Mrdirul 
it  ion,"  1906. 
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The  addition  of  a  trace  of  alkali,  HNaCO;,.  0.003  per  cent., 
often  increases  the  effectiveness  of  the  solution,  but  it  cannot  he 
consiilered  an  essential  constituent  in  the  same  sense  as  sodium, 
potassium,  and  calcium.     It  has  been  shown,  moreover,  that  even 
the  mammalian  heart  can  be  kept  beating  for  long  periods  when 
fed  with  a  Ringer  solution  if  provision  is  made  for  a  larger  supp/r 
of    oxygen   than  can  be  obtainetl  by  simple  exposure  to  the  air. 
For  the   irrif^ati^n    of    the    isolated    mammalian    heart    different 
forms  of  Ringer's  solution  have  been  employed,  but  the  mixture 
most  frequently  usetl  is  that  recommended  by  Jyocke,  consisliflg 
of  NaCl,  0,9  per  cent.;   CaClj,  0,024  fjer  cent.;   KCl,  0.042  per 
cent.;  NaHC(\  0.01  to  0.0.'{  per  cent.;  and  dextrose,  O.l  percent. 
The  .solution  Is  fetl  to  the  heart  under  an  atmosphere  of  oxyijen, 
and  witfi  this  solution  Locke  and  others  ha\'e  kept  the  mummaliaa 
heart  Ixjating  for  many  hours.     The  dextro.se,  while  not  essentiil 
to  the  action  of  the  irrigating  liquid,  is  said  to  increase  its  effi- 
ciency,  and   Locke*   has   shown   that   the  sugar   is  apparentlr 
utilized  by  the  heart,  since  a  considerable  amount  disappctre 
frnin    the   solution    when   the   Jieart    Ls   beating   strongly.    The 
general  fact  that  comes  out  of  those  experiments  is  that  the 
heart  can  beat  for  very  long  periods  upon  what  has  been  callwl 
an  inorganic  diet.     Moreover,  the  salts  that  are  used  cannot  V« 
chiisen  at  random;  it  is  necessary  to  have  salts  of  the  three  nietai^* 
named,  and  substitution  is  po.ssil>le  only  to  a  very  limiteij  C^' 
tent.     Thus,  .strontium  salts  may  replace  those  of  calcium  mc»*^ 
or  less  perfectly. 

It  is  evident  that  these  salts  play  some  ver*'  important  p^-^: 
in  the  production  of  the  rhythmical  lieat  of  the  heart;  and  analy^*^ 
has  shown   that   the   sodium,   cjdcium,   and   potassium   has  ea^^   ^ 
its  spet-ial   role.     We  may  say   that   tlie  presence  of  these  sal 
in  normal  proportions  is  tm  absolute  necessity  for  heart  activit;* 
A  striking  experiment  whitii  shows  the  importance  of  the  calciur 
is  to  irrigate  a  terrapin's  heart  with  blood-serum  from  which  th 
calcium  has  been  removed  by  precipitation  with  sodium  oxalat 
In  spite  of  the  fact  that  all  other  constituents  of  the  blood  ai 
present  the  heart  ceases  to  beat,  and  nomml  contractions  can 
started  again  promjitly  by  adding  calcium  chlorid  in  right  amoimtf 
to  the  oxalated  blood.     Regarding  the  sj^cific  part  taken  by  each^ 
of  the  cations  in  the  production  of  thealteniate  contractions  aniL 
relaxations,  much  diversity  of  opinion  exists,  owing  to  our  ignorancevu 
of  the  chemical  clianges  going  on  in  the  heart  during  systole  ancLj 
dia.stole  and  to  the  <lifficulty  of  controlling  experimental  conditions-] 
Thus,  while  it  is  an  ea.sy  matter  to  control  accurately  the  com- 
position of  the  liquids  supplied  to  the  heart,  a  variable  and  uncon- 
trollable factor  is  introduced  by  the  fact  that  within  the  tissue 

*  Locke  and  Roseuheiin,  "Journal  of  Physiology,"  36,  205,  1907. 
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onis  themselves  there  is  a  store  of  combiued  calcium,  potas- 
ium,  and  sodium  which  may  serve  to  supply  these  elements  to  a 
greater  or  less  extent  to  the  tissue  liquids. 

The  controversial  details  upon  this  question  cannot  be  presented 
an  elementary  book,  but  the  following  brirf  statements  may 
made  regarding  one  view  of  the  specific  effects  of  the  separate 
tinns:  (1)  The  sodium  salts  in  the  blood  and  lymph  take  the 
ief  part  in  the  maintenance  of  normal  osmotic  pr&ssure.  The 
um  chlorid  exLsts  in  blood-plasma  to  the  extent  of  0.5  to  0.6 
cent.,  and  the  nonnal  osmotic  pressure  oi  the  blood  is  mainly 
dependent  upon  it.  A  solution  of  sodiimi  chlorid  of  0.7  to  0.9  per 
t.  forms  what  is  known  as  physiological  saline,  and  although 
t  adequate  to  maintain  the  normal  composition  and  properties 
the  tissues  it  fulfills  this  purfK)se  more  perfectly  than  the  solution 
any  other  single  sub.stance.  The  sodium  ions  haNe  in  addition 
specific  influence  uj-ion  the  state  of  the  heart  tissue.  Contractility 
d  irritabihty  disappeai'  when  they  are  absent;  when  present  alone, 
physiological  concentration,  in  the  medium  bathing  the  heart  mus- 
they  produce  relaxation  of  the  muscle  tissue.  (2)  The  calcium 
ins  are  present  in  relatively  very  small  tjuantitics  in  the  blood,  but 
they  also  are  absolutely  necet<sarj'  to  contractility  and  irritabihty. 
len  present  in  quantities  above  nom>aI  or  when  in  a  propor- 
inal  excess  over  the  sodium  or  potassium  ions  they  cause  a  con- 
ilion  of  tonic  contraction  that  has  been  designated  as  calcium 
or.  (3)  The  potassium  ions  are  present  also  in  verj'  small  quan- 
,ties,  and,  unlike  the  calchim  and  sodium  ions,  their  presence  in 
e  circulating  Uquid  does  not  seem  to  be  absolutely  necessarv'  to 
ythmical  activity.  I'nder  proper  conditions  a  terrapin's  heart 
ts  well  for  a  time  upon  a  solution  containing  only  sodium  and 
Icium  salts.  The  potassium  seems  to  promote  relaxation  of  the 
muscle  and  in  physiological  doses  it  exercises  through  this  effect 
a  regulating  influence  upon  the  rate  of  beat,  ^\1len  the  proportion 
of  potassium  ions  is  increasetl  the  heart  rate  is  proportionally 
wed,  and  finally  the  contractions  cease  altogether,  the  heart 
ming  to  rest  in  a  state  of  extreme  relaxation,  knowii  sometimes 
potassium  inhibition.  (4)  It  appears  from  these  statements 
t  there  is  a  well-marked  antagonism  between  the  efi"ects  of  the 
Icium.  on  the  one  hand,  and  the  ix)ta.ssium  and  sodium,  on  the 
her.  The  calcium  promotes  a  state  of  contraction,  the  sodium 
id  the  potassium  a  state  of  relaxation.  It  is  conceivable,  there- 
that  the  alternate  states  of  contraction  and  relaxation  which 
terize  the  rhythmical  action  of  heart  muscle  are  connected 
e  way  with  an  interaction  of  an  alternating  kind  Lietween 
icse  ions  and  the  living  contractile  substance  of  the  heart.  It  is 
possible  to  say  positively  whether  or  not  the  inorganic  salts 
<.UreL-Uy  connected  with  the  cause  of  the  beat, — that  is,  with 


Dtgitized"by 


& 


}64 


CIRCULATION    OF   BLOOD    AND    LYMPH. 


the  origination  of  the  inner  stimulus.     According  to  one  point  of 
view,  tboy  are  necessary  only  to  the  irritability  and  contractility 
of  the  heart  ti.ssue.     Tlie  inner  stimulus  is  prmiucotl  otherwi^se  hy 
some  unknown  rea<'!t!an,  but  it  is  not  aijle  to  cause  u  contraction 
of  the  heart  muscle  in  the  aljsencc  of  the  proper  inorganic  9*It> 
According  to  another  view,  the  reaction  of  these  ions  with  tbe 
living  substance  conslitiitea  or  leads  to  the  development  of  tlie 
inner  .stimulu.s. 

Physiological  Properties  of  Cardiac  Muscle. — Cardiac  rouaoie 
exhibits  certain  properties  which  thslingui.sh  it  sharply  from  skddal 
muscular  tissue  and  which  have  a  direct  bearing  upon  ihe  rhytli- 
micity  of  the  contractions  nnd  the  sequence  shown  Ijy  the  diffeitni 
chambers.  The  most  characterLstic  of  these  properties  are  the 
following: 

1.  The  contractions  oj  heart  muscle  are  altt^ys  maxima!.  In 
skeletal  muscle  and  in  plain  muscle  the  extent  of  contraction  Is 
related  to  the  strength  of  the  stimulus,  antl  we  recognize  the  exi^ 
tence  of  a  series  of  submaxinial  contractions  of  varying  heighLs. 
This  is  not  true  of  heart  muscle.  As  was  first  shown  by  How- 
ditch,  a  piece  of  ventricular  muscle  when  stimulat-ed  responds,  i' 
it  responds  at  all.  with  a  maximal  contraction.  The  apex  ol  h 
frog's  heart  docs  not  lieat  sfxintaneously.  but  contracts  upt»'i 
electrical  stimulation.  If  such  an  apex  is  coimected  with  a  levff 
to  register  its  contractions,  and  the  electrical  stimulus  applied  \f* 
it  is  gradually  increa.sed,  the  first  contraction  to  appear  is  max^ 
mal,  and  it  is  not  further  increa;sed  by  augmenting  the  stimului^- 
This  property  is  .sometimes  described  by  saying  (Ranvier)  ih:**' 
the  contraction  of  the  heart  muscle  is  all  or  none.  This  fact 
must  not.  howe%'er,  be  interpreted  to  mean  that  the  force  o^ 
contraction  of  heart  muscle  is  invariable  under  all  conditions*- 
Such  is  not  the  case.  The  heart-  muscle  under  favorable  nutriliv 
conditions  may  give  a  much  larger  and  more  forcible  contractioi» 
than  is  possible  under  conditions  of  (xwr  nutrition;  but  the  poin 
is,  that,  whatever  may  l>e  (lie  condition  of  the  muscle  at  anv'" 
given  moment,  itjij  contraction  in  resixinse  to  artificial  stimulatior* 
is  maximal  for  that  condition, — that  is,  does  not  var>'  with  the9 
strength  of  the  stimulus.  As  was  said  above,  this  property  is  not 
exhibited  by  the  cnjstni^ean  (lobster)  heart,  but  has  Ijcen  shown 
to  be  true  for  the  mammalian  heart  muscle.* 

2.  The  refractor  If  jxriixf  of  the  beat.  It  was  shown  by  Marey  f  that 
the  heart-  muscle  is  irritable  to  artificial  (electrical)  stimuli  only 
during  the  period  of  diastole.  Diiring  tliejieriod  of  systole  an  elec- 
trical stimulus  has  no  efTect;  during  the  |)eriod  of  difistole  such  a 

*  For  experimeiilH  on  inuinmalian  heart  and  literature,  see  Woodworth, 
"American  Journal  of  Pliysinlogy,"  H,  213,  1903. 
t  Marey,  "Travaux  du  iaWraWvte,"  \«Ift,  v-^*- 
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applied  in  the  diastolic  phase.    This  relationship  is  well  shown  by 
Marey's  curves  reproduced  in  Fig.  236.    The  period  of  inexcitabil- 
ity  is  designated  an  the  refractory  period-  of  the  heart  beat.    Maivy 
defined  this  refractory  period  as  falling  within  the  first  part  of  the 
sy.stole,  and  stated  that  its  duration  varies  with  the  actual  strength 
of  the  stimulus.     Later  experiments  by  other  investigators  mafceil 
prabablc  that  the  refractory-  period  hists  during  practically  the  entire 
systole.*   According  to  thi.'^  point  of  view,  therefore,  the  heart  muscle 
during  its  perioil  of  actual  contraction  i?:  entirely  unirritable,  aiiiiin 
this  respect  it  offera  a  striking  ilifference  to  skeletal  and  plain  mxmk- 
The  exi«Jtence  of  this  refractor}-  period  explauis  why  the  heart 
muscle  cannot  be  thrown  into  complete  tetanic  contractions  by 
rapidly  repeated  stimuli.     Since  each  contraction  Ls  accompanied 
by  a  condition  of  loss  of  irritability,  it  is  olivious  that  those  stimuli 
that  fall  into  the  heart  during  this  period  must  prove  ineffective- 
The  refractor^'  period  and  the  grudual  increiise  in  irritability  diiiiJ*S 
the  diastole  may  throw  some  light  also  on  the  rliythmicul  character 
of  the  beat.     The   occurrence   of   the   refractory-    |)eriod  and  tt*® 
subsecjucnt  gradual  return  of  irritability  are  connected  no  dout»^ 
with  the  metabolic  changes  taking  place  in  the  heart  mu.scle.     X* 
is  in  the  character  of  this  motulmlism  that  we  must  seek  for  iH^ 
finzd  e.xplanation  of  these  two  phenomena  and   the  cause  of   tb^ 
rhythmicily  of  tlve  contractions.     As  was  stated  above,  it  has  bee*^ 
shown  tliiit  the  crustacean  (lolister)  heart  muscle  does  not  obey  th^2 
all-or-none  law,   shows  no   refractory  period,   and  is  capable  o^ 
giving  tetanic  contractions  when  rapidly  stimulated.     In  all  thes^* 
respects  it  differs  from  the  tyjiiral  heart  muscle  of  the  vertebrate,— 
but  the  tUffei-ence  is  perhu{>s  .sufficiently  ex]>laiuetl  by  the  discover}'^ 
(p.  558)  that  the  crustacean  heart,  in  one  foro)  at  least,  is  not  ao-^ 
automatically  rh^k'thmical  tissue.     Its  rhythmical  contractions,  like^ 
those  of  the  diaphragmatic  muscle  in  tlie  higher  vertebrates,  depend 
upon  rhj'thniical  impulses  receive<l  from  nerve  centers. 

The  Compensatory  Pause. — It  has  lieen  olwervod  that  when  an  extra 

systole  is  nroiliiced  by  stimulating  a  veiitricio  it  In  followed  by  a  pause  longer 
tliaii  iLsuiil;  the  pause,  in  fact,  is  of  such  a  length  bh  to  compensate  exactly 
for  tl>e  extra  tieal  ;  sn  that  tlie  tirtal  rate  of  l^eat  remain.^  the  same.  The  pn>- 
lonf;eci  paiiM  uriiler  the.se  t-oinlitions  la  tticrefore  frequently  deaignated  as  the 
annpeti.iatory  jxiitjie.  It  has  been  .'^howii.t  however,  that  the  evaot  compen- 
sation in  tliis  liise  is  not  referable  to  a  property  of  lieart  musHe,  but  is  <jue  to 
the  ilejieiuience  of  the  ventrirular  upon  the  auricular  t>eal.  When  rbe  auricle 
or  ventricle  ie  isolated  and  stimulated  the  phenomenon  of  exact  compensation 
is  not  obser\'e4^l.  In  an  entire  heart,  on  (he  (•ontrniy,  the  beat  originates  at 
the  venous  i-nd  uf  the  auricle  and  is  propagated  to  the  ventricle.  If  the  latter 
chambc."  is  stinuilattni  av  an  to  j^ive  an  extra  beat  out  of  aequonco  it  will  remain 
m  diastole  until  llie  next  auricular  beat  Ptimulates  it,  and  will  thus  pick  up 
the  regular  sequence  of  the  heart  beat. 

•  S«H>  paper  by  Woixl worth,  hir.  cit.     ,\lso  Schultz,  "American  Journal  of 
Fhysiology, "  16,  4H:j,  UH>H,  and  22,  333,  1008. 

f  Cushny  and  Matthews,  "  Joura&Vol  V\\-s»o\)agSi"'2-t,'2;2T,  1897. 
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The   Normal  Sequence   of  the   Heart   Beat. — Thp   normal 

Ijhytlira  of   the  heart  beat  i.s  first  a  txintrMCliuu  of  the  aurifles, 
fthen  one  of  the  ventricles.      Many  efforts  have   been  made  to 
Uetermine  the  precise  spot  in  which  the  contract  ion  of  the  h^art 
pttornially  starts.     Formerly  it  was  supposecl  that  the  contractian 
^bcgan  in  the  great  vpins  just  hnfuro  thry  pass  into  tiie  auricte, 
Biul  it  was  implied  that  this  initiation  of  the  beat  might  occur  in 
the  pulmonary  veins  as  well  as  in  the  vente  cavse.     More  recent 
^tex})erinientB*  which  have  lieen  nia<le  larfrely  vifxin  the  isolated 
^Bieart  w^hile  perfnscd  with  a  Rinp;er-Locke  solution  have  sliown 
^K»retty  conclusively  tliat  the  must  rhythmic  part  of  the  heart 
^*amd  the  part  from  which  the  1>eat,  in  all  proliability,  normally 
starts  is  an  area  of  the  wall  of  the  right  ain-iclc  lyin^  between 
le  openings  of  the  vena;  cavte,  or,  according;  to  the  most  recent 
riews,  in  that  remnant  of  the  sinus  tissue  known  as  thesino-aurieular 
lode  which  lies  in  this  region,  anil  which  is  connected  with  the 
icular  muscle   and   with   the   auriculovcntricular   t)undlp   (p. 
When  this  portion  of  the  heart  is  wanned  or  cooled  the 
rate  of  beat  of  the  whole  heart  is  correspondingly  increased  or 
^^decreased,  while,  on  the  contrary,  warming  or  cooling  of  the  ven- 
^Kricles  themselves,  the  auricular  appendages,  the  left  auricte,  etc. ,  haa 
^^po  effect  upon  the  heart-rate.     From  the  point  of  confluence  of  the 
^P^ens  cavie  the  wave  of  contraction  .spreads  over  the  auricles  and 
through  the  auriculovcntricular  bundle  to  the  ventricles.      This 
itxjuenee  from   venous  to  arterial  end  is  beautifully  showTi  in  the 
rog'a  heart,  in  which  the  contraction  begins  in  the  sinus  veno.sus, 
ireads  to   the   auricles,   thence  to   the   ventricle,   and   finally 
o  the  bulbus  arteriosus.     Under  nnrmal  conditions  this  sequence 
never   reversetl,    and    an    expljiuatitni   of   the   natural    order 
Drtns   obviously    an    iinp<irtant   part   of   any   coiii|tlete   theory 
)f  the  heart  beat.     Those  who  hold  to  the  neurogenic  theory 
iturally  explain  the   sequence  of   the  Iveat  hy  reference  to  the 
itrinsic  nerv^ous  apparatus.      If  the  n^otor  gangha  lie  toward  the 
;nous  end  of  the  heart  one  can  imagine  that  their  di-scharges  may 
feet   the   different   chand>ers   in   sequence,   the   pause   between 
auricular  and  ventricukvr  contraction  Ixnng  due,  let  us  say,  to  the 
that  the  motor  impulses  to  the  ventricle  Irnve  to  act  tlxrough 
linate  nerve  cells  in  the  auriculo-ventricular  region,  ami  the 
time  necessary  for   this  action  brings  the  ventricular  contraction 
certain  interval  later  than  that  of  the  auricle.     There  is  no 
lediate  proof  or  disproof  of  -such  a  view^     The  numerous  exper- 
its   made  U])on    the  rapidity  of    conduction  of  the  wave  of 

•CJoOBull  rapwirilly  Adam,  "/Vrchiv  f.  d.  ni-s    Physiol.,"  Ill,  607,  1906; 
aiger  and  Blurkman,  ".Americiin  Jounud  of  I'hysiolog)',"  19,  125,  1907, 
k,  "Journal  of  Physiology,"  41,  M,  1910. 
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contraction  over  the  heart  arc  not  conclusive  either  for  or  against 
the  view.    The  fact,  however,  that  in  the  quiescent  but  still  irritable 
heart  the  rhythm  may  be  reversed  by  artificially  stimulating  the 
ventricle  first  seems  to  the  author  to  speak  strongly  against  the 
dependence  of  the  sequence  upon  any  definite  arrangement  of 
neuron  complexes.     On  the  myogenic  theor}'  the  sequence  of  ihe 
heart  beat  is  accounted  for  readily  by  relatively  simple  assumptioaeL 
Hakell  anri  Engelmann  have  each  laid  emphasis  upon  the  facts  in 
this  connection,  an4l  the  application  of  the  myogenic  thef)r>'  to  the 
explanation  of  the  normal  scfiucnce  of  contractions  forms  one  of  its 
most  attractive  features,     (iaskell  assumes*  that  the  rhythmic*! 
(Kiwcr  of  th*'  muscle  at  the  venous  end  is  greater  than  that  at  thf 
ventricular  end,  that  is,  if  pieces  from  the  two  ends  are  exaniiiid 
seijaratcly  it  will  be  found  that  the  spontaiT<'ous  rhythm  of  tin- 
tissue  from  the  venous  end  is  more  rajiid.     This  portion  of  the 
heart,  therefore,  be-ating  more  rapidly,  sets  the  rhjihrn  for  tlif' 
whole  organ,  since  a  contraction  started  at  the'  venous  end  will 
propagate  itself  from  chamher  to  chamber.     That  each  chamberof 
tlu-  heart  has  a  rhytimi  of  its  own  and  that  the  rliythm  of  the  ven- 
ous end  is  the  more  rapid  and  constitutes  the  rhythm  of  the  uitAcl 
hcAft  has  been  shown  in  various  ways  upon  the  hearts  of  diflTerent 
animals.     Thus,  Tigerstedt  has  devised  an  instrument,  the  atrio- 
t<>me,t  by  means  of  which  the  connections  Ix'tween  auricle  an" 
ventricle  may  be  crushed  without  hemorrhage.     Under  such  concVw 
tions  the  ventricle  continues  to  beat,  but  with  a  much  slower  rhytl*'^ 
and  with  a  rh.Hhm  entirely  indepon<lent  of  that  of  the  auricle*- 
The  same  result  has  been  olitained  recently  in  a  very  striking  W^i' 
by  Erianger.    Tins  observer  arranged  a  clamp  by  means  of  which    *^ 
could  compress  the  small  liundle  of  fillers  connecting  auricle  t^'^^ 
ventricle.    When  the  compression  is  made  the  ventricle,  after  an  i-  ^ 
terval,  exhibits  a  slower  rhHhm  and  one  entirely  indef)endent 
that  of  the  auricles.  When  the  compression  is  removed  the  ventri' 
falls  in  again  with  auricular  rhythm.    By  variati{»ns  in  the  pre.s8u 
u[H>n  the  bundle  intermediate  conditions  may  be  obtained  in  whi 
the  "block"  between  auricle  und  ventricle  is  only  partial,  and 
which,  therefore,  the  ventricular  systole  follows  regularly   eve.^ - 
seconil  or  third  auricular  contraction.     When  the  "block"  is  cor:^ 
plete  the  ventricular  rhythm  ceases  to  have  any  tlefinite  relatio 
ship  to  that  of  the  auricle,  it  heats  entirely  independently  and  i^ 
rate  is  slower  than  that  of  the  auricle.     It  is  interesting  to  reniem 
that  cases  of   comjjlete  or  partial   heart  block  occur  in  man. 
the  condition   known  as  the  Stokes-Adams  syndrome  the  striki: 

♦Gaakdl  ".Ioum.<il  of  PhvwioloK>',"  4,  61,  1883;  also  vol.  ii,  p.  ISO, 
.Schiifer's  "Text-book  of  Phywtiiofy,'.""  IfKK). 

t  See  "Lehrbufh  iI<t  PhVsiologie  des  Krei«laufp8,"  1893. 
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feature  in  addition  to  attacks  of  syncope  is  a  i>ennanrntly  slowed 
pulae,  the  heart  beac  falling  to  30  or  2<}  beats  i.>er  minute  or  lower. 
Krlanger  has  shown  that  in  such  cases  there  may  be  complete  or 
partial  heart  block.  In  the  former  condition  the  rhythm  of  the 
ventricle  is  entirely  tn<lepenttent  of  that  of  the  auricle  and  of  course 
much  slower.  The  ventrieics  may  be  beating  at  27  per  minute  and 
the  auricles  at  90.  In  partial  block  the  ratio  bietween  the  ventric- 
ular and  auricular  rate  is  definite,  everj'  second  or  third  auricular 
beat  being  followed  by  a  ventricular  systole  (see  Fig.  237),  In  a 
number  of  these  cases  it  has  been  .<hown  at  autopsy  that  there  was 
a  distinct  lesion  involving  tlic  auriciiloventricular  bundle,  Imt  in 
other  cases  lesions  of  thi.s  kind  were  nut  discoverable.* 


yig:.  237. — CardioKTmin  from  a  ease  nf  Stokes- .^damsduease.  showinit  two  auricular  bcais 
(1,  2)  to  each  vriitricular  beat. — {ErUtnatr,)     Ttie  Unie-reconl  mark.s  fiftlu  of  a  second. 


In  the  hearts  of  the  cold-blooded  animals  the  same  general 

t  results  are  readily  obtainei!  when  tlie  tissue  lietwecn  the  different 

chaml^rs  is  compressed  or  destroyed.     In  the  frog's  heart,  for 

I  instance,  if  one  ties  a  ligature  (first  tigatvire  of  Stannius)  between 

^the  sinus  venosus  and  the  auricle,  (he  auricle  and  ventricle  cease 

[beating  while  the  sinus  continues  pulsating  with  its  nomial  rhythm. 

I.ater  the  auricle  and  ventricle  may  commence  t>eating  again,  but 

[if  this  hapfiens  their  rhythm  is  slower  than  that  of  the  sinus  and 

indcpemlent  of  it.     So  in  the  terrapin's  heart ,  in  which  the  sequence 

of  beat  is  so  y>eautifully  exhibited,  if  one  ties  a  ligature  i>etween 

auricle  and  ventricle,  or  cuts  off  the  ventricle  entirely,  the  sinus 

,  venosus  and  auricle  continue  beatingat  their  normal  rhytlim,  while 

the  ventricle  remains  usually  entirely  quicscrnt  so  long  as  normal 

blood  flows  through  it.     It  would  seem  fi-om  these  facts  that  in  the 

mammalian  heart  the  ventricle  when  disronncclpd  from  tlie  auricle 

is  capable  of  maintaining  a  fairly  rapid  rhythm  of  its  own.     .\t  the 

other  extreme,  the  terrapin's  ventricle  when  simihuly  treated  shows 

no  spontaneous  bents  at  all.     These  and  many  other  facts  that 

^ might  be  quot«^l  sujjport  well  the  general  view  proposed  by  fJaskell, 

[that  the  venous  end  of  the  heart  possesses  the  greater  rhythmical 

•  S<««*  ErlttUKcr,  "Journal  of  KxiiiTimental  Mftlirino,"  19<).i,  vii.,  IftOi, 
[viii.,  an<i  "Amprifan  Journfil  of  Phy.sioloj^y,"  IROli,  xv.  anij  xvi.  P'or  the 
liU'ratun.'  upon  autopsicn  in  nusos  of  Stokes- Adjiin.s'  iJiwji.s<>  (^xitii^ult  Krurabhaiir, 
••Bulletin  of  the  Aycr  Clinical  Laboratory,"  Philii«l<4[ihiji,  No.  0,  I'.UO. 
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power  an<I  starts  the  heart,  beat,  and  t  hat  the  wave  of  contraction 
is  pro|:!igatfi(l  from  chaml>er  to  ehtiml.)er  through  the  intervening 
muscular  suljstance. 

There  remains  a  fleej)er  question  aa  to  what  oc<;a.sions  this  preater  rliyth- 
niifil y  at  Ihe  venous  end, — a  question  tlmt  is,  of  roiirse,  hound  up  »»iih  the 
prohleni  af  tlip  nltiiitnto  cauwM  or  conditions  of  uutontatif  riiythnucity.  In 
coniiei'liiin  wilh  ihis  latter  proUlein  the  ahsolule  necesMity  of  the  jirte.enf«  of 
certain  inorpatiir  siiJts  in  rcrtnin  pro]: mii ions  hjis  lieen  empliasized.  In  this 
same  geiierul  hne  the  author  hiLs  cjilteri  attention  to  the  fart  that  in  the  ter- 
rapin tiie  antoun)  of  [KjliLssinm  salts  present  in  the  hliKKJ  e\t)lain»  in  itself 
tvny  tJie  buius  sets  tlie  lieart  rate.  In  hlnoit,  or  in  Ringer's  solution  eon- 
taining  potftsHJum  sails  in  ihc  same  amonnl«  as  blood,  the  ventricular  mu-«cle 
is  not  autoniiilirally  oiintractile;  the  sinus  end  of  thr  heart,  on  the  contrary, 
bcat^  Well  iu  such  media,  while  an  increase  in  the  potaanium  ront.nr-,  nJU 
bring  it  to  rast  also.    In  this  animal,  therefore,  the  amount  of  ]■  iU 

the  hJood  i.s  so  adiipted  that  it  Intltis  the  ventricular  end  entirel\  .1.. 

Ill  the  niannnaliun  lieart  it  may  be  Oftsiuued  that  the  amount  of  {Kilaasiuui  vt 
Vulhctent  to  keep  the  spontaneous  rhythm  of  the  ventricle  .slower  than  t)\tA 
of  the  aurirl&-  or  veins,  and  therefore  subordinates  the  rhythm  of  the  whole 
heart  to  that  of  the  venous  end.  lu  tlio  terrapin's  heart,  at  least,  the  re- 
moval or  reduction  of  the  potassium  or  the  iticrease  of  the  calcium  may  lead 
to  an  indejiendent  ventricular  rhythm  — the  beat  of  the  heart  become*  afhyth- 
micnl. 


The  Tonicity  of  the  Heart  Muscle. — In  describing  the  phys- 
iology of  skeletal  ami  pliiiiv  nuLsde  attention  was  called  to  their 
property  of  tonicity, — that  pro]>erty  in-  means  of  which  they  reninin 
in  a  more  or  less  permanent  although  variable  condition  of  con- 
traction. So  far  as  the  skeletal  muscles  are  concerned,  this  con- 
dition is  de|M?ndent  upon  their  connections  with  the  nerv'ous  system. 
Cut  tlie  motor  nerve,  or  destroy  the  motor  renter,  and  the  muscle 
loses  il.1?  tone.— becomes  completely  relaxed.  Tonicity  or  tonic 
activity  is  therefore  characteri.stic  of  the  motor  nerve  centers,  sunl 
is  dvie,  no  <loubt,  to  a  more  or  Itss  continuous  inflow  of  sensor>' 
itiijMilstrs  into  those  centers,  The  tonus  of  the  nerve  centen*  w  • 
reflex  toruiH.  In  the  {ilain  muscle  the  condition  of  Uinus  Is  also 
nuirked.  The  bjood-vessel-s,  the  bladder,  the  various  viscera  are 
rarely,  if  ever,  entirely  relaxe<l  for  any  length  of  time.  This  tonus 
u^  also  dejK*nik'r>l,  in  many  cases,  upon  a  constant  innervation 
thnni^jh  the  motor  nerves,  but  after  these  latter  have  l>een  dej^tm^ed 
the  plain  riiustrle  still  shows  this  properly  of  tonicity.  So  in  th« 
bemt  muscle  the  jxiwer  to  maintain  a  certain  di'gree  of  contraction, 
'11  state  of  muscle  tension  <piite  independently  of  tite  sharp 
■  untra<:tions,  is  ver>'  characterij<(  ic.  At  the  end  of  a  nonnal 
Pclia»tole.  for  example,  the  ventricle  is  not  entirely  relaxed,  it  retaiot 
afiertain  ftujount  of  Uinirity  as  compare<l  with  its  condition  wl 
iitetJ  lhrr)tigh  the  vapis  nerve  or  when  dead.  The  degree 
tonicity  ,|,^.t4.'nnines.  of  c<)un<e,  the  size  of  the  ventrietilar 
ilv  and  flip,  extent  of  the  charge  a  will  uUco  from  the  attrides. 


Diyi!izf^(!  !:!\" 


o 

i 


As  will  be  described  in  the  next  chapter  the  tone  of  the  heart 
muscle  is  dependent  in  part  upon  its  extrinsic  nerves,  but  it  is 
more  dependent  probably  upon  the  composition  of  the  blood. 
Like  the  property  of  rhythniicity,  that  of  tonicity  is  moat 
develojied  at  the  venous  end  of  the  heart.  At  least  this  is  the 
case  with  the  lieart  of  the  cold-blooded  animals,  upon  whudi 
this  property  has  been  stuflied  most  carefully.  The  ventricle 
of  the  terrapin,  or  strips  excised  from  the  ventricle  and  sus- 
.pended  so  that  their  movements  can  !>e  recorded,  often  vary 
greatly  in  length  with  differences  in  contlition.  These  varia- 
ions  are  due  to  changes  in  tone.  Not  infrequently  these 
changes  take  on  a  rhythmical  character:  so  that  if  the  ven- 
tricle is  beating  one  sees  upon  the  reconi.  regular  tone  waves, 
an  alternate  slow  shortening  and  slow  relaxation  quite  inde- 
pendent of  the  rhythmical  beats.  The  tissue  of  the  auricle  and 
eapecially  of  the  sinus  venosus  exhi!)it3  this  property  to  a  much 
more  marked  extent  (see  Fig.  238).  The  tone — tliat  is,  the  length 
of  the  piece — if  in  strips,  or  the  capacity  of  the  chamber,  if  used 
entire,  is  continually  changing  and  oftentimes  in  a  rhj'thmical 


-To  ihciw  tfino  waves  in  heart  [nu.>H?le.     The  record  shows  contrsctioiu  of  a 
,^  mi*  vetir»u?  (ttrrfcjjiti'H  heart)  miapended  in  a  buth  of  blood-Mruin.     Id  kiicU> 
I  ahmrp  ocmlntelioiM  innrlted  by  the  hues  then*  nrc  longer,  wave-tike  sborteoinia 
reljLSiktii»iK,  irreiriilur  iu  character,  which  arc  due  to  variations  in  tone. 

vmy.  Fano*  has  made  a  special  stutly  of  tliis  property  and  has 
suggested  that  the  tone  changes  or  contractions  may  be  due  to 
je  activity  of  a  substance  in  the  heart  different  from  that  which 
icdiates  the  ortlinar>'  contractions.  Botazzif  suggests  that,  while 
UHual  sharp  systolic  contraction  is  due  to  the  cross-striated 
nieotropous)  substance,  the  slower  tone  changes  may  l>e  due 


•  Fano,  "  Beitrftge  zur  Pliysiolope." 

id.     Leipzig.  1S87. 

t  '•  Journal  of  Physiology/'  21,  1,  1897. 
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to  tke  undifferentiated  sarcoplasm.  However  this  may  be,  the 
property  of  tonicity  is  an  important  one  in  the  phyaology  of  the 
heart  and  of  the  other  visceral  organs.  Through  it  a  certain  tension 
of  the  musculature  is  maintained,  and  the  size  of  the  cavities  is 
controlled.  The  property  may  be  of  special  r^ulative  value  in 
the  large  veins  where  they  open  into  the  auricles,  but  at  present 
we  have  little  positive  knowledge  of  the  conditions  that  control 
the  tonicity,  of  the  extent  of  its  r^ulating  action  nonnaUy,  or 
of  the  extent  of  its  derangement  under  pathological  conditions. 
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CHAPTER  XXX.  ' 

THE  CARDIAC  NERVES  AND  THEIR  PHYSIOLOGICAL 

ACTION. 


The  heart  receives  two  sets  of  efferent  nerve  fibers  from  the 
Icentral  nen'oiis  system.  One  set  reaches  the  heart  through  the 
[! vagus  nerves,  and,  since  their  activity  slows  or  stops  the  heart 
^beat,  they  are  spoken  of  as  the  inhibitort/  nerve  fi!iers,  I'he  other 
f.aet  passes  to  the  heart  by  wa\-  of  the  sympathetic  chain,  and  .since 
their  activity  accelerates  or  augments  the  heart  Ijcat  they  are 

»  designate*  1  usually  as  the  accelcmtttr  nerve  fibers.  In  addition  the 
heart  is  proviiled  with  a  set  of  affei'eiit  nerve  fillers.  Regarding 
the  functional  activity'  of  these  latter  filxTs,  our  experimental 
^  knowle<[ge  is  limited  to  the  fact  that  some  of  them,  at  least, 
B^e  stimulated  at  each  beat  of  the  heart  (p.  606)  and  that 
^nxjssibly  sume  of  them  lielp  to  form  the  so-calleti  depressor 
BPlierve  (p.  606).  Under  patholofrical  conditions  these  afferent 
fibers  may  produce  piunful  .seijsut!»»ns. 

The  Course  of  the  Cardiac  Fibers. — The  vagus  nerve  gives 
off  .several  branches  tliat  supply  tlie  heart.  The  superior  car- 
diac branches  arise  from  tlie  vagus  in  the  neck  somewhere 
between  the  origins  of  the  superior  and  the  inferior  laryngeal 
lerves.  The  inferior  cardiac  branches  arise  frmn  the  thoracic 
irtlon  of  the  vagus  near  the  origin  of  the  inferior  laryngeal 
fN,  recurrens)  and,  indeed,  some  of  these  branches  may  spring 
IJFectly  from  tlie  latter  nerve.  The  inhibitory  fd>ers  probably 
irise  in  these  inferior  branches  chiefly.  Both  superior  and 
ferior  cardiac  branches  pass  towartl  the  heart  and  unite 
'■with  the  cardiac  branches  from  the  sympathetic  chain  to  form 
the     cardiac     plexus.     This     plexus     lies     on     the     arch     and 

■iRscending  portion  of  the  aorta,  and  from  it  the  heart  reeeiA-es 
directly  both  its  inhibitor}*  ami  accelerator  HIkts.     The  inhil)itor>' 
fibers  of  the  heart  form  a  part  of  the  outflow  of  autonomic   fibera 
H|(p.  2.^1 )  through  the  vagus  nerve.     The  preganglionic  fibers  probably 
^Knd  around  ganglion  cells  in  the  heart,  which  in  turn  send  their 
^Mxons  as  postganglionic  tilx^rs  to  the  heart  muscle. 
^"      The  Action  of  the  Inhibitory  Fibers. — If  the  vagus  nerve 
in  the  neck  of  an  animal  is  cut  and  its  jwripheral  end  is  stimulated 
the  heart,  is  slowed  or  stopj)ed  altogether  acettrding  to  the  strength 
of  the  stimulu:>.     This  effect  is  illustrated  in  Figs.  239  and  240. 
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This  inhibitory  influence  upon  the  heart  beat  was  first  described 
in  1S45  lj_v  the  twu  brothers,  Eilwanl  Welder  and  E.  H.  Weber. 
It  wiis  a  physiological  discover)'  of  the  first  importance,  not  oniv 
as  regards  the  physiology  of  the  heart,  but  from  the  standpoint 
of  general  ]}hysifjlog>- ,  since  it  gave  the  first  clear  instance  of  tiie 
possibility  of  inliibitory  action  through  nerve  fibers. 

If  the  heart  is  examined  during  its  complete  inhibition  it  will 

))e  seen  that  it  sto}>s   in   diavtolr, 
and    indee<l    the    diastole    is  more 
cojTiplete  than  normal, — the  heart 
tlilates  to  a  ver\'  large  extent,  and 
becomes  swollen  with  blootl.    Tliis 
latter  fact  is  taken  usually  as  prooi 
that    the  action  of   the   inhibitor)' 
fibers  not  only  prevent*   the  UBUfcl 
systole,    but  also  removes    the  to- 
nicity of  the   musculature.      Some 
observers  believe  that  the  unusual 
(^lilatation  is  due  simply  to  the  effect 
of   the    iiirrea8e<i   venous    pressure 
(Roy  and  Adami).     Examination  of 
the  heart  shows  also  that  the  inhi- 
bition af!ccls  the  whole  heart, — liotli 
auricles  and  ventricles  are  slowed  or 
Ptopjied,  as  the  case  may  l>e.     n»at 
tlie  vagus  uerv'e  in  man  also  cotf- 
Uiins  inhibitory  fibers  to  the  heart 
i.s  nijule  highly  yirobable  by  every- 
thing known  concerning  the  condi- 
tions   under    whirh    the    heart    b 
stowed  or  stopped  tem|X)rarily,  and 
has,  moreover,  lieen   demonstrated 
directly  in   several   instances  upon 
living  men.*    These    inhibitor}'  fi- 
bers have  been  shown  to  exist  in  all 
classes  of  vertebrates  and  in  a  num- 
l)er   of    the    invertebrates. — a   fact 
which  in   itself  would  indicate    the 
great  importance  of  their  influence 
upon  the  effective  activity  of  the  heart.     In  the  mammals  gener- 
ally  employed   in    laboratory  exix^riments   the   inhibitory   fibers 
occur  in  both  vagi;   in  some  of  thtj  lower  vertebrates,  however, 

*  See  espet'iully  Tlianhoffer,  "  Centrallilatt  f.  d.  med.  Wias.,"  1875,  who 
gives  an  account,  of  an  ex|>eriintfiit  in  which  llie  vagi  were  compresaed  in  the 
neck,  with  a  resulting  stoppage  of  the  heart  aud  loss  of  cnnsciouitness. 


Fig.  239. — To  flmw  the  iiiliibitinn 
of  the  terrapin'"  lipart  ilue  to  .itiiiiulu- 
lion  of  ill.  .  rvx'.     Tlo*  U|;t)«r 

tniL'iju;  1/  <■  contract iiiiis  uf 

the  left  :ii:  «or<//)  theton- 

Iruolioti...  Ml  I  tic  \i-ritriole.  Ihe  vagus 
mtui  ntjiliululeil  three  time>,  each 
chamber  romititc  tu  »  eomplcle  E.lop. 
On  nmoviiiK  the  sUmulus  it  will  be 
noted  that  the  auricular  cutitrartions 
incrwue  grailually  to  their  normal, 
while  the  ventnmilar  contractiuiis 
(Carl  oflf  at  full  atrciigth. 
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iaily  in  the  terrapin,  the  inhibitory  fibers  may  be  found 
tclusivel}'  or  mainly  in  the  right  vagus. 
Analysis  of  the  Action  of  the  Inhibitory  Fibers. — The  prom- 
inent effect   of  the  action  of  the  inhiliitory  tilyeis  is  the  slowing 


Fig.  2-JO. — Tf>  !>li(iw  till'  inliibilion  or  tJie  liMirl  frtirn  f-iinuildtion  of  tlie  vd^a  in  the 
(kut.  Record  h  IB  ill*  blf*od-pre»-Hiiro  tnring.  The  v«|ni.-<  wut  ttittiulaK^il  twice.  The 
tokrk*  I.  X.  indiPAte  tlie  bciiirininii  ni>(1  end  of  lh<-  ^riiikuin-'.  Th<>  fiml  stiniiilatioii  wbj 
•k  ;  it  will  be  note<l  that  thr  linirt  e.-ruperi  and  tx'iuin  ij<^atinK  befnir  the  i.liiMiilu«  wu 
liilniwu.  T)io  Ker<in<l  xtiniuliiK  •xan  ntnitii^er;  thf  iiiliibiliori  la.>leri  Minie  tim«  after  re- 
.v»X  ijf  the  stimiilu«.  Tlie  uppir  cunn  i A  >  i*  a  nIettiyMiioBraphic  (oncometer)  traoinf 
the  voluifiF  of  the  kidney.  It  will  be  noted  thut  when  the  heart  Mop*  and  blood-preuurs 
Hi  the  1n(Jne>',  like  the  other  onoinii,  diminishes  in  vnlume.     iDaui»tm.) 

the  rate  of  the  heart  l)eat.     Numerou.s  observers  have  called 

Attention  to  the  faft  that  the  va^is  fibers  may  aL^o  cause  a  weaken- 

K  in  the  force  of  the  l»eat  as  well  as  a  slowing;  in  the  rate,  or, 

tieetl,  the  two  effects  may  lie  ohtained  separately.     This  fact  has 

?n  shown  especially  for  the  auricles.*     In  the  heart  of  the  terrapin 

may.  by  using  weak  stimuli,  obtain  only  a  weakening  of  the 

iricular  beats  without  any  interference  with  the  rate  (Fig.  241), 

rhiJe  by  increasing  tin-  stimulus  the  slowing  in  rate  becomes  evident 

•  BaylifH  and  Slarlmi?.  "  Journai  of  PhysioloKj',*'  13,  410,  1892. 
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combined  with  a  diminution  in  force  or  extent.     Although  the 
force  f>f  the  heat  mtiy  l)e  inf^ueneed  without  altering  the  rate,  the 
reverse  docs  not  Imld.  L  sualiy,  for  the  auricle,  at  least,  any  stimujijs 
that  slows  the  Ijeat  also  weakens  the  individual  beat.     WTiefier 
the  vagiis  hlx-rs  exercise  a  gimilar  double  influence  directly  upOD 
the  ventricle  is  not  so  clear.     Some  llbser^'e^8  find  that  when  tbf 
ventricle  is  inhiliited  the  heats,  although  slower,  are  stronger,  while 
others  obtain  an  opposite  result.     1 1  seenis  prolmble,  as  sfjileti 
by  Johansson  and  'I'igerstedt.   that  the  result  obtained  deijetids 

largely  on  the  strength  of  stimulus 
used,     'riiese  observers  found*  tbt 
with    relatively   weak    stimuli  the 
fontrartionis  of  the  ventricle,  though 
slower,    are    stronger,    while  with 
stronger  stimuli  the  contractions <kre 
diminished  in  strength  as  well  as 
Kite.     The  question   is  complicaled 
b\-  the  difficulty  of   separating  the 
dinK't   effect  of  the  vagiis  on  the 
ventricle    from    the   indirect  effect 
brought  aljout  by  the  changes  in  the 
auricular  l>eat.     The  inhibitor)-  in- 
fluence makes  itself  felt  also  upon 
the  conductivity  of  the  heart.    This 
fact  has  !x>en  noted  by  several  ol> 
servers.    A  striking  example  is  seen 
in  the  ease  of  partial  heart  block. 
When  as  the  result  of  some  injur)' 
or  pressure  in  the  auriculo-ventricu- 
lar  region  or  from  some  other  less 
evident  cause  there  i.**  a  partial  block,  so  that  the  ventricle  con- 
tracts once  to  two  or  three  beats  of  the  auricle,  vagus  stimulation 
may  lie  followed  at  once,  as  an  aftei-effeft,  by  n  return  to  the 
normal  Ijeat,  a  i-e-es!a[)li.shinent  of  u  one-to-one  rhythm.     Under 
other    circuuLstances    the    contrarA'  effect   of   vagus   stimulation 
has  lieen  descril>ed.     Kmm  the  results  cited  it  seems  evident  that 
the  %-agus  nerve  may  affect  the  rate  and  the  force  of  the  con- 
tractions, and  also  the  conductivity  or  the  jiropagation  of  the 
wave  of  contraction.     These  separate  influences  have  been  referred 
by  some  authors  to  the  existence  of  different  kinds  of  nen'e  fibers, 
each  exerting  its  own  influence,  but  it  seems  preferable  to  assume, 
on  the  contrary,  that  only  one  kind  of  filter  is  present,  and  that 
its  influence  on  the  nietaliolic  changes  in  the  heart  mu.scle  expresses 
itself  differently  upon  the  several  different  properties  of  the  tissue 
according  to  the  extent  of  its  action. 

•  See  Tigersteilt ,  "  Lebt bu<-h  der  Phyainlogie  des  Kreialaufes/'  1893,  p.  247. 


I' IK.  241- — To  show  (he  effect  of 
vagu.1  rlitiiulatirin  on  tlic  furte  oiil.v  uf 
tbe  auricular  beat  in  the  terrapin'.t 
heart:  A,  fteoorO  of  ihp  auriculiir 
beat!);  V,  reconl  of  the  ventricuiMr 
beata.  Tlie  vai^w  was  ?<tiinulBtfld  he- 
tween  jr  anil  j.  It  will  b<<  nut«<l  that 
tl>e  veotricular  bent;*  are  ikjI  afTerted, 
and  that  thi*  auricular  hcat.-^  diminish 
ID  extent  ujlhout  any  rliuiige  in  rate. 
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Engetinaiui  has  made  the  mo>%  roiuplete  attempt  to  analyze  the  influence 

terted  by  the  c-ardiac  iier\'fe-  (inhibitory  ami  lueelerator).     He  tlesignates 

influenr-es  under  four  different  heuiJN  witii  the  further  sujjjmsition  tliat 

rare  nie<linte<l  Ijy  diffei^tit  fil)crs:  (1)  The t hronotrnpic  influent^?,  afTeiting 

Trate  of  conlnwtion,  jxwitive  rlironolropic  itrtioiis  caUfiiiiK  an  acceleratinn 

nl  negative  chronotropic  action>  a   slowing  of  the  rate.     (2)  The  hathnio- 

>pic  iiiflueirce,  aft'e<;tin!!;  tlie  irritalnllty  of  the  muscular  tL^^sue;  this  sdso  may 

pcjsitive  or  negative.     (3)  The  droniotropii-  inlUiencc,  positive  or  negative, 

Te<'ling  the  conductivity  of  the   tissue.     (4j  Tiie  inotropic  inUuence,  jjosi- 

re  or  negative,  affecting  the  fori;e  or  energj'  of  tJie  contractions.* 

Does  the  Vagus  Affect  Both  Auricle  and  Ventricle?— The 

liibiton*  action  of  the  vaKus  is  most  iiwirkei-l  upon  tlie  venotis? 
d  of  the  heart,  and  the  (iiiestioti  has  ari.s<>n  jis  to  vvhether  it  afferts 
e  ventricle  cliret^tl>"  or  not.  Gaskell  gave  evidence  to  intiicale 
that  in  the  terrapin  the  auricle  only  is  inliibited,  the  ventricle  stop- 
^^ung  becaiLse  it  fails  to  receive  its  normal  impulse  from  the 
^Kuricle.  When  this  heart  is  inliihited  the  contractions  of  tlie 
^Buricle  after  cessation  of  inltihition  graiiiially  increase  in  aniplitiule 
^^ntil  the  nonnal  size  is  reached;  in  the  \entricle,  on  the  eontrar\'. 
the  first  contraction  after  inhibition  is  of  normal  size  or  greatt^r 
■Bhan  nonnal  (see  Fig.  239).  When  a  l)lock  i.n  jirodncpd  in  the 
^Ki^niniaHan  heart  between  auricle  and  ventricle — l>y  clamping  the 
connecting  muscular  btnulle.  for  instance — stimulation  of  the 
afOi^  stop.s  the  auricle  only  t,  and  the  result  would  seem  to  indicate 
at  the  vagus  affects  only  the  auricle,  unless  it  is  assunu'd  that 
V  clamp  hof^  intcrrupt»^d  the  inhibitory  paths  to  the  ventricle. 
I  the  other  hand,  in  favor  of  Hh*  view  that  the  vagus  fibers  reach 
e  ventricle  and  intluenee  its  beats  tlirectly,  we  have  the  fact, 
iphasized  by  Tigerstetlt,  namely,  that  when  the  connection 
tween  auricle  and  ventricle  is  severe<l  siuldenly  the  ventricle 
<|Uently  continues  t-o  besit  at  its  own  rhythm  without  any  obvious 
use.  It  would  seem  from  tliis  fact  that  when  tht;  whole  lu-art 
inhibited  by  stimulation  of  the  vagus  the  ventricle  does  not 
;>p  simply  becau.se  the  auricle  fails  t«  send  on  Its  usual  contraction 
ve,  since,  if  that  were  so,  cutting  off  the  auricle  or  clamping  the 
cunnection  between  it  and  the  ventricle  should  al.so  bring  on  a 
t'entricnlar  pause,  as  hap]>eiis  iti  the  atse  of  the  terrapin's  heart. 
8^eni8,  however,  to  be  the  general  belief  of  those  who  have  experi- 
ifnted  with  the  subject  tliat  the  action  of  the  vagus  is  exertttl 
ainly  upon  the  auricles,  and,  indeed,  there  is  some  evidencel  that 
effect  is  felt  mainly  njnm  that  small  portion  of  the  auricle  (the 
o-auricular  node)  in  which  the  normal  heart-beat  takes  its  origin. 
Escape  from  Inhibition. — Strong  stimulation  of  the  vagus 
may  stop  the  entire  heart,  but  the  length  of  time  during  which  the 

•Englfra;uin,  "Archiv  f.  Physiologie,"   1900,  p.  313,  and  1902,  auppl. 
rtiXBDf,)).  1. 

{ErUnger.  "Archiv  f.  d.  k«s.  Phv.sioIogie,"  127,  77,  1909. 
Flack,  "Journal  of  Physioiogj-,"  41,  B4,  lyilK 
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heart  may  be  maintained  in  this  condition  varies  in  different  q)ecies 
and  indeed  to  some  extent  in  different  individuals.*  In  some  ani- 
mals— cats,  for  example — the  strongest  stimulation  of  the  ner\-e 
ser\'e8  frequently  only  to  slow  the  heart  instead  of  causing  complete 
standstill.  In  dogs  the  heart  is  stopped  by  relatively  weak  stimu- 
lation, although  if  the  stimulation  is  maintained  the  heart,  as  a 
rule,  escapes  from  the  inhibition.  In  some  dogs  the  heart  may 
be  held  inhibited  long  enough  to  cause  the  death  of  the  animal 
tinless  artificial  respiration  is  maintained,  but  usually  the  heart 
beat  soon  breaks  through  the  complete  inhibition.  The  "inner 
stimulus"  in  such  cases  increases  in  strength  sufficiently  to  overcfHne 
the  opposing  inhibitory  influence,  and  this  circmnstance  may  be 
regarded  as  an  argument  against  those  views  that  trace  the  origin  of 
the  "  inner  stimulus"  to  some  of  the  products  formed  during  the  ca- 
tabolism  of  contraction.  Moderate  stimulation  of  the  vagus,  suffi- 
cient simply  to  slow  the  rate  of  beat,  can  be  maintained  without  dimi- 
nution in  effect  for  ven-  long  periods;  indeed,  as  b  explained  in  the 
next  paragraph,  the  heart  beat  is  kept  partially  inhibited  more  or 
less  continuouiily  through  life  by  a  constant  activity  of  the 
vagus.  In  the  cold-blooded  animals,  especially  the  terrapin, 
the  heart  may  be  kept  completely  inhibited  for  hours  by  stimu- 
lation  of  the  vagus.  Mills  reports  that  he  has  kept  the  heart 
of  the  terrapin  in  this  condition  for  more  than  four  hours.t 
Most  observers  state  that  complete  inhibition  can  be  maintained 
for  a  longer  time  when  the  stimulus  is  applied  alternately  to 
the  two  vagi,  but  it  is  possible  that  this  result  is  due  to  the  fact 
that  continuous  stimulation  applied  to  a  nerve  usually  results 
in  some  local  loss  of  irritability. 

Reflex  Inhibition  of  the  Heart  Beat— Cardio-inhibitoiy 
Center. — ^The  inhibiton-  fi!)ers  may  l)e  stimulated  reflexly  by  action 
upon  various  sensor>-  ner^•es  or  surfaces.  One  of  the  f^rst  experi- 
mental proofs  of  this  fact  was  fumishetl  by  Goltz's  often-quoted 
•*Klopfver8uch."J  In  this  experiment,  made  upon  fn^,  the  ob- 
8er\'er  obtained  .standstill  of  the  heart  by  light,  rapid  taps  on  the 
alxlomen.  and  the  effect  uixin  the  heart  failetl  to  appear  when  the 
vagi  were  cut.  In  the  mammals  evcr\'  lalwratorj*  worker  has  haii 
numerous  opi)orttmities  to  o^)ser^•e  tliat  stimulation  of  the  central 
stum]ie  of  sensor>'  nor\-os  may  cause  a  reflex  slowing  of  the  heart 
l)eat.  The  effect  is  usually  ven-  marko»l  when  the  centnil  stump 
of  one  vafrus  •"  stim\ilato<l.  the  other  vagus  l»einp  intact.  The 
vagus  carried  afferent  filters  fn>m  the  thorai-ii-  and  alxlominal 
viscera  and  most  ol>sorvers  state  that  the  heart  may  lx»  reflexly 
i&hihited  most   n*adily  by  simulation  of  the  »ensor>-  surfaces  of 

•  «!«..  Ilmurli    •  J«»<>rn:»l  of  rhy-iolmjy. "  Is.  HU.  1S1».'.. 

♦  .V?    12.1  "f  l»hV''ifUiK>-."«i. -Mrt. 
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le  abdominal  viscera,  by  a  blow  upon  the  viscera,  for  example, 
>r  by  sudden  distension  of  the  stomach.  In  man  similar  i^esulta 
ire  noticed  very  fi-equently.  Acute  dyspepsia,  inflammation  of 
le  peritoneum,  painful  stimvilation  of  sensory  surfaces, — the 
i,  for  instance,  or  the  middle  ear, — may  cause  a  marked  slowing 
)f  the  heart, — a  couf.lition  desi^nateil  as  brad\'cardia.  What 
ikes  place  in  all  such  cases  is  that  the  afferent  impulses  cairied 
ito  the  central  nervous  s>'stem  reflexly  stimulate  the  nerve  cells 
the  medulla  which  give  origin  to  the  inhibitory  fil>ers.  These 
ills  form  a  part  of  the  great  motor  nucleus  (N.  ambipims)  from 
rliich  arise  the  motor  fil)ers  of  the  vajiii.s  and  the  glos.sopharvn,a:eus. 
["he  partiL-idar  group  of  cells  from  which  the  inhibitor^'  filiei-s  to  the 
irt  originate  has  not  l)een  delimited  anatomically.  Efforts  have 
?n  made  to  locate  them  by  vivisection  ex}>erimenta.  bul  thia 
lethod  has  shown  no  more  f>erhaps  than  that  they  are  found  in  the 
fgion  of  origin  of  the  vagus  nerve.  Physiologically,  however,  this 
)up  of  cells  forms  a  center  which  Ls  of  the  greatest  importance  in 
jntrolling  the  activity  of  the  heart..  It  Is  designateti  therefore,  as 
le  rnrdio-mhihitorif  center.  We  may  define  the  cardio-tnhibitory 
jntor  as  a  bilateral  group  of  cells  lying  in  the  medulla  at  the  level  of 
je  nucleus  of  the  vagus  and  giving  rise  to  the  inhibitor}-  fil)ers 
the  heart.  The  two  sides  are  probably  connectetl  by  commit*' 
iral  cells  or  else  each  nucleus  sends  fibers  to  the  vagus  of  each 
ide.  Through  this  center  all  reflexes  that  affect  the  heart  by  way  of 
56  inhibiton.'^  fibers  must  tuke  place.  These  reflexes  may  be  occa- 
aned  by  incoming  sensorj'  impulses  through  the  spinal  or  cranial 
jpr  by  impulses  coming  down  from  the  higher  portions  of 
The  center  may  also  he  stimulated  directly,  either  by 
pressure  upon  the  me<lulla,  which  may  give  rise  to  slow  heart  beata 
r,  as  they  are  sometimes  called,  vagal  l>eats,  or  by  changes  in  the 
imposition  of  the  blood.  With  regard  to  the  reflex  stimulation  of 
lis  center  it  is  important  to  Ijcar  in  mind  the  general  jthysiological 
lie  that  afferent  impulses  may  either  t^xrite  or  inhibit  the  acti>'ity 
nerve  centers.  In  the  former  ciuse  the  heart  rate  would  be 
lowed,  in  the  latter  ca.se  it  would  be  quickened  if  the  center  were 
niously  in  a  state  of  activity. 

The  Tonic  Activity  of  the  Cardio-inhibitory  Center. — The 
Ellis  of  the  cardio-inhibitory  center  are  in  ctuistant  activit}'  tn  a 
iter  or  less  extent.    As  a  con.sec|ueiice.  the  heart  Ijeat  is  kept  con- 
^tinually  at  a  slower  rate  than  it  would   normally  iissume  if  the 
iiihibitorv  appiiratus  did  not  exist.     This  Um\v  activity  of  the  vagus 
I  beautifully  exhibited  by  simple  section  iA  the  two  vagi,  or  In-  inter- 
jpting,  in  some  other  way — louling,  for  example — the  connection 
?tween  the  center  and  the  heart.     When  the  two  vagi  are  cut  the 
rate  increase  greatlv  and  the  blt>o^l-pres^sure  rises  on  account 
greater  output  of  blootl  iii  a  unit  of  time  (Fig.  242).    Section 
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Fi(t.    iri. — To  fhnw  the  effect  of  section  of  Hie  two  vajri  in   the  doK  upon  the  rmU  of    i 
heart  hear  and  llip  Mnod-prfwiire :    ]   mnrki' the  Miction  of  thf!  vaKii*  on   the  rigtlit  Kiiir; 
2,  iierCinti  n(  tliR  M^-ond  vuiai".     Tlic  nunieraii*  on  the  verlii-iil  mark  Ui«  blood-preseun* : 
the  nuniprulK  on  the  blmid-pnMiMj re  reconi  give  the  rate  u(  lir-iin  beatj.     (Annon.) 

severed  separately  varies  undoulitedly  with  the  conditions, — for 
instance,  witli  the  intensity  of  the  tonic  activity  of  the  center. 
Throughout  life.  Bpeakin^  in  general  teiiiis,  the  funlio-inhibiton' 
center  keeps  the  "Ijnikes"  on  the  heart  rate,  and  the  extent  of  its 
action  varies  under  different  conditions.  When  ita  tonic  action  is 
increased  the  rate  lie<'«mie8  Blower;  when  it  Ls  decreasetl  the  rate 
becomes  fi\ster.  In  all  j)roliiihility>  thin  ttmic  action  of  the  center, 
like  that  of  the  motor  centers  generally,  is  in  reality  a  I'efiex  tonuti. 
That  is,  it  is  not  due  to  autoiuatic  prf>cesses  generated  within  the 
nerve  cells  by  their  uwn  nielalHilisiii  or  by  changes  in  their 
liquid  environment,  but  to  stimulations  received  through  sensory 
nerves.  The  cnntinuotts  thougli  varying  inflow  of  impulses  into 
the  central  nervous  system  through  tlitlereut  nerve  paths  keejw 
th&  center  in  that  state  tA  •vieTwa.ui&w.t  ^J^;^'^^^  %R,\,vt\Vj  ^Uich  we 
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ite  as  **  tone."      It   is  possihlc,   of    rourse,    that   certain 

liferent  paths  may  he  in  sjjecially  dose  funotiuiial  relationsliip 

to  the  center,  and  tiie  fact  that  at  each  heart  beat  its  own 

«.ry  fihers  lire  stiiiiiiiiited  (p.  60ti,  Inp;.  280)   would  suggest 

thc«e  fibers  may  liave  this  function. 

The  Action  of  Drugs  on  the   Inhibitory  Apparatus. —  The 

etistetice  of  the  inhibitor>'  fil>ers  to  tfre  lieart.  furnishes  a  means 

of  explaimiig  the  cardiac  action  of  a  numl>er  of  dnigs, — ^atropin, 

amKarin  or  pilocarpine   nicotin,   curare,   (hgitalis,   etc., — for  the 

dutiuk  of  which  reference  must  be  tiiade  to  works  on  phamiacologj'.* 

[Tlic  actit>n  of  the  first  thi-ee  named  illustrates  especially  well  the 

Iteation  that  has  been  made  of  physiology  in  modem  pliamia- 

ilogj*.     Atropin  suiministered  to  those  animals,  .such  as  the  dog 

man,  in  which  the  inliibitory  fil)ers  of  the  vagus  are  in  constant 

ivity,  causes  a  fjuickening  of  the  heart  rate.     Indeed,  the  heart 

02)  raf)idly  as  if  both  vagi  were  cut.     After  the  use  of  atropin, 

)vcr,  stimulation  of  the  vagus  nerve  fails  to  produce  inWbition. 

action  of  atropin  i.s  satisfactorily  explained  by  iissuming  that 

paralyzes  the  endings  of  the  ([K>stga.nglionic)  inhibitory  fil>en3 

io  the  heart  muscle,  just  as  curare  paralyzes  the  tenniimtious  of 

the  motor  fibers  in  skeletal  muscle,     .\tropin  exercises  a  siriiilur 

tfleet  upon  the  ner\'e  terminations  in  the  intrinsic  mu.scles  of  the 

cyvball  and  in  many  of  the  glands.     On  tlie  contrarv.  when  nuis- 

earin  or  pilocarpin  is  ailininistered  it  causes  a  .slowing  and  filially 

waaation  of  the  heart.  l«?at.     Since  this  effect  may  Ih?  removed 

tlie  subsequent  use  of  atropin  it  is  assumed  that  the  two  former 

excite  or  stimulate  the  endings  of  the  inhibidon-  AIkts  in 

heart  and  thus  l>ring  the  organ  to  rest  in  diastole,  as  hajjpens 

fter  electrical  stinuilation   of   the   vagua   nerve.     Some  autliors, 

fever,  believe  that  these  drugn  do  not  act  u|X)n  the  terminal 

Ki(  the  vagus  fibers,  liut  upon  the  nmscidar  tissue  it.self  or  upon  a 

:ialized   "receptive   substance"    (LauKlcy)    contained    in    the 

lUHcle.     A  final  statement  cannot  be  nuide  upon  this  point,  but 

■f-he  current  belief  is  that  the  atropin  i)aralyzcs  while  the  niuscarin 

«>r  pilocarpin  stimulates  the  entlings  of  the  inhibitory  fit«Ts  in  the 

8ul>stance  of  the  heart. 

The  Nature  of  Inhibition. — Since  the  discovery  of  the  iidiibi- 
torj'  nerves  of  the  heart  ftirtiished  the  first  conclusive  proof  of  the 
cadstence  in  the  iKxIy  i)f  definite  nerve  fibers  with  apparently  the 
BoIe  function  of  inhibition,  it  seems  appropriate  in  this  connection 
to  refer  to  the  \'iews  regardinc  the  nature  of  this  jirocess.  Several 
general  views  of  the  nature  of  inhibition  have  been  projKised,  but 
the  one  that  is  most  definite  and  has  nu^t  with  most  favor  is  that 
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suggested  by  Gaskcll.*  This  author  has  shown  that  the  after-effects 
of  stimulation  of  the  inliiLitory  fiiwrs  are  Ijeneficial  rather  than  in- 
jurious to  the  heart ;  that  is,  umier  certain  circumstances  an  improve- 
ment niay  lie  noticed  in  the  rate  or  force  of  the  beat  or  in  the  con- 
ductivity. He  has  also  shown,  by  an  interesting  experiment,  that 
during  the  state  of  inhibition  the  heart  tissue  is  made  increasiii^y 
electropositive  ui  comparison  with  a  deati  portion  of  the  tissue. 
To  show  this  fact  the  tip  of  the  auricle  was  killed  by  heat  and  this  spot 
(a)  and  a  jwint  at  the  base  of  the  auricle  (b)  were  connected  with  a 
galvanometer.  I'nder  such  conditions  a  strong  demarcation  cur- 
rent wa.s  obtjuneti  Howing  tluDugh  the  galvanometer  from  b  to  a. 
If  the  auricle  contracted  a  negative  variation  resulted,  since  during 
activity  6  became  less  positive  as  regards  «.  If,  on  the  contxar>', 
the  auricle  was  inhibited  by  stinudation  of  the  inhibitory  Gben 
a  jxysitive  variatirm  was  obtained;  h  became  more  positive 
toward  a.  On  the  l)asis  of  such  results  Gaakell  concludes  thjit 
inhibition  in  the  heart  is  thie  t^  a  set  of  metabolic  changes  of  an 
opposite  character  to  those  occurring  diuing  contraction.  In  the 
latter  condition  the  metalwlisni  is  cata,lxilic,  and  consists  in  the 
breaking  down  of  complex  substances  into  simpler  ones  with  the 
liberation  of  energj'  as  heat  ami  work.  During  inhibition,  on  the 
contrar>',  the  processes  are  anabolic  or  synthetic  and  result  in  the 
formation  of  increasetl  contractile  material  whereby  the  condition 
of  the  heart  is  improved.  He  would  regard  the  inhibitor^"  fibers, 
therefore,  as  the  anabolic  ner\'e  of  the  heart  and  their  cixisuuit 
action  tliroughout  life  as  an  aid  to  the  nutrition  of  the  heart.  The 
same  general  view  may  be  exten<leil  to  all  cases  of  inhibition,  and 
Gaskell  l>clieves  that  all  muscular  tissues  are  supplied  with  analxjlic 
(inhibitonO  and  cat^lx>iic  (motor)  fibers. t 

\  mow  N|n»cific  theory  applicable  to  the  «i«?  of  thr*  lu-art  luks  ht%'t\  pmrxiaed 
by  Ihf  authiir.t  In  cx|)crinienl»  made  ii|ion  the  wolnte*!  honrt  of  the  iW  it 
tuw  l><<m  «htnvn  thut  cliirinK  Btim«it.itioii  of  the  vupi»^  (M)tUMShti)i  in  •litTiUfil^ir 
forrn  i^  ,;i\rn  olT  fitmi  tho  l4i'rtrt  luuselc  i.iuriek'n'i  It  i.s  knouti  i  hut  (nitiuwiiim 
Ita  III  a  (-•■rtaiii  (■iin<'i-ntr:iti<in  in  the  rirciilntinK  liquid  will  hriiig  th<-  hmrt 
faatanil-vHtill,  nrxl  the  Mtute  of  |M>lu«»iiitin  inhibitiuu  thus  piXKiuot>i  reaenitiW 
try  dottcly  the  stute  uf  vu^u^  inliihitiun.  Since  the  vasxis  when  stimulaMd 
Ubent«6  )M>t{i8rtiuui  in  a  ilifTutiiblt*  form,  it  ib  8Uggc«t«a  tliat  it«  actioo  is 
stopping  the  hcnrt  is  I'fTectetl  through  the  agency  of  this  substance.  Tba 
potaMitiin  exists  in  large  [KTcentage  in  the  beart-musclc,  but  ta  a  combtairt 
form,  ami  iIk-  tlao^iry  ii>*.stitiie«i  that  the  va^^us  impulfles  initiate  a  liiimHiialiia 
«r  daavR^  of  boiho  sort  which  sets  free  aotne  potBanum  in  soluble  fonn.  U 
h  It  MMuneii  that  thi!4  hberation  taket  plaee  in  the  part  of  the  hou\  in  wliicb 

•GnMk'll,  "  riiilosophical  Tranisactions  of  the  Royal  Socirty."  IxMiddQ; 
Cmonian  lj«Tture,  part  in  .  1882;  abo  "BcitrAge  lur  Ph)rmolofie, "  detlkateJ 
toC.  I^dwiu.  IK.S7;  and  •'Journal  of  Phywnlogy, "  7,  46. 

t  For  n  )E<'ncral  diiwurtfJnn  of  thin  ideii  ami  of  the  importance  oif  labSiiKNT 
tt,  Mrlt4ter,  "Inhibition,"  "New  York  Medical  JoumaU"  May  >( 
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the  beat  originates,  the  theory  offers  a  simple  explanation  of  the  etoppogo  of 
ilie  beat,  of  the  quick  recovery  after  stimulation  ceaseH,  and  of  the  retention 
of  irritabiLtv  to  direct  stimula- 
tion shown  by  the  heart  Juring 
vag\is  inliibition.  A  heart  that 
has  been  stoppetJ  by  an  fxees« 
of  potanium  chSoride  adiled  to 
th«  circulating  liijuid  hput«  very 
promptly  a.s  soon  as  the  excess 
of  the  jx)tttssiiHn  is  removed,  and 
»s  in  tite  case  of  vag\>»  inhibition 
it  seems  often  to  show  a  notice- 
able improvement  in  condition. 

That  the  inhibitorj'  ef- 
fect of  the  vagus  im- 
pulses upon  the  heart  is 
not  clue  to  any  peculiarity 
in  properties  of  thcae 
fibers  or  of  the  impulses 
themselves,  but  is  depeiul- 
ent  rather  upon  the  piace 
or  manner  of  ending  in  th*- 
heart,  has  been  denion- 
etrated  by  direct  experi- 
ment. Erlanger*  has  shown 
that  when  an  onlinary 
spinal  nerve  (fifth  cervical) 
is  sutured  to  the  peripheral 
end  of  the  cut  vag:us,  it  will, 
after  time  for  regeneration 
has  been  allowed,  caus{% 
when  stimulated,  the  usual 
stoppage  of  the  heart. 

The  Course  of  the  Ac- 
celerator Fibers. — The 
heart  receives  efferent  or 
motor  nerve  fibers  from 
the  83*mpathetic  system  in 
addition  to  those  reaching  it  by  way  of  tlie  vagus  nerve.  Atten- 
tion was  first  called  to  tliese  sytny>athetic  fibers  by  Legaliois 
(1812),  but  our  recent  knowledge  dates  from  the  experiments 
made  by  von  Bezold  (1S62),  which  were  afterward  complet«d 
by  the  Cyon  brothers — M.  and  E.  Cyoiif — 1860.  These  fibers 
when  stinmlateti  cause  an  increased  rate  of  beat  ami  are,  tlicre- 
fore,    designated   a.s    the   accelerator   nerve  of   the  heart.     Their 

•  ErlangfT,  ".\meriran  Journal  oi  PhyFiology,"  13,  372,  190.'). 
I         t  For  the  history  and  iilcraturc  of  Iho  acTcifralor  ncrs'cs.  ace  Cyon,  article 
M'Cfleur,"  p.  103,  in  Riehet's  "Dirtionnaire  de  Physiologic. '  1900;  or  Tiger- 
i«t««it,  "Tjohrbuch  der  Phy.'»ioh>gie  den  Kreiwlaufcs,     260,  18B3. 


J' 


Fig.  243. — Schematic  npresentstion  of  ihe 
course  of  the  accelerator  fibers  to  tb«  (Jus's  heart 
. — rinht  side. — (Moilitied  from  f  oiWokj.)  Thearai- 
pathetic  nrrve  v  repre.wnted  in  apUd  black.  The 
courM!  of  the  accelerator  fibers  is  indicated  by  ar- 
rowH.  /,  Cervical  .sympathetic  combined  ia  neck 
with.  )U,  the  vagux;  //,  lit,  I  V,  rami  commuiti- 
caiile#  frotn  the  second,  third,  am]  laurtb  thoracie 
»pinal  nerve«,  carrying  most  of  tbe  accelerator  fi- 
llers to  tbet<ynij>athelicchain:7,aanulusof  Vieu»- 
wns;  8,  inlenor  cervical  cauglion;  2,  3,  4,  5, 
branebes  from  vagtiaand  vagoeyin pathetic  trunk 
goinf  to  cardiac  plexus  (soma  of  these — 3.  5, — 
carry  accelerator  fibera;  B,  th«  ioietior  laryngeal 
nerve. 
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course  has  been  worked  out  physioIogiVally  in  a  number  «/ 
animals.  Among  the  nuiminalia  and,  indeed,  among  different 
animals  of  the  same  species  there  is  some  variation,  but  a  general 
cont-eption  of  their  origin  and  course  may  be  obtained  from 
Figs.  24:i  and  244,  which  represent  in  a  schematic  way  ti\t 
anatomical  path  taken  by  tlipso  fillers.  They  emerge  from  the 
upinal  cord  in  the  aJiterior  roots  of  ttie  second,  third,  and  fourth 

thoracic  spinal  nerves.     Arconl- 
ing  to  some  authors  they  rimv 
be  found  also  in  the  fifth  thn- 
raeic,  the  first  thoracic,  or  even 
the  hnver  cervical  spinal  nerves. 
They  pass  then  by   v.ay  of  ihe 
white  rami  to   the   stellate  or 
first  thoracic  ganglion   (6),  antl 
thence  by  way  of  the  annulw 
of  \'ieus.'3ens  (ansa  subclavia)  (i) 
to  the  inferior  cervical  ganglion. 
A    number    of    branches    leave 
the  sympathetic  sy.stem  and  thfi 
vagus  in  thi.s  region  to  pa.^  to 
the  cardiac    plexus   and  thence 
to  the  heart.      The  accelerator 
fibers  are  found  in  sf>me  of  the^e 
branches,    mixed   in   some  cases 
with  inhibitory  fibers  from  the 
vagus.      In  the  cat  Boehm  has 
described  a  special  branch  (ner- 
VU3  accelerans)  which  runs  from 
the  stellate  ganglion  directly  to 
the    cardiac    plexus  (Fig.  244). 
The  preganglionic  portion  of  some  of  the  accelerator  fibers  ends 
around  the  ganidion  cells  in  the  first  thoracic  ganglion,  while 
others  apparently  make  their  first  termination  in  the  inferior 
cervical  ganglion.     The  accelerator  fil>ers  niay  be  stimulated  in 
the  spinal  roots  in  which  they  emerge  (II,  III,  IV),  in  the  annulus, 
or  in  some  of  the  branches  that  arise  from  the  annulus.  or  from 
(he  inferior  cerviciJ  ganglion  (5,  3,  2).     It  will  be  borne  in  mind 
that  no  accelerator  fibers  are  found  in  the  cervical  sympathetic 
above  the  inferior  cervical  ganglion. 

.\t  vtiriiiMs  liiiif,s  invotijjators  have  a8.Hert«(l  that  accelerator  filKTs  are 
contained  alf*»  in  the  vagiix  nerve.  Thun,  it  has  1>»^ti  shown  that,  after  the 
paralysis  of  tlie  iuliibitory  IiIhtk  in  the  lieurt  by  atropin,  8timiilat.lon  of  tiie 
va^ius  causes  an  acceleration  of  the  heurt.  Little  attetilion  lias  been  ^«iiil  to 
the  physiology  of  these  RIhts.  wnce  it  M*eins  evident  that  the  great  outflow  nf 
accelenitiirs  is  m»ile  via  the  .synipiithelie  sywteni. 


Fia.  244. — Skptrli  lo  •Imw  the  accel- 
•>mlQi  (Bmi  ftiiiciiipriuirl  bmiiHiF^i  [mm  (lie 
Rtdlatr  RBnidion  lin  ttirt-ut.  left  j<iitcl;  1. 
1 ))«  vpiilml  lirancli  rj(  the  miimJUA  (linita 
rtjbclavia):  2.  Mnall  bnkiich  not  coDKtantty 
pr»«nl;  3,  li»ehn>'«  Rcoelenilor  iier\'e 
(N.  cardiscuH  e  gBoglio  iteUalo). 
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The  Action  of  the  Accelerator  Fibers. — In  px|»eiliiu'iital 
work  the  afcelerators  are  usually  stirnulateti  in  one  or  moi-e  of  the 
branches  represented  schematically  as  5,  '.i,  6,  in  Fig.  243,  or  H.  in 

I  fig.  244,  The  effect  is  an  Increase  in  the  rate  of  beat  of  the  heart. 
iirhicb  may  be  very  evident,  amounting  to  tus  much  a.s  70  per  crnt. 
or  more  of  the  original  ratf^.  or  may  he  vory  sli-^ht.  When  arcelcra- 
ition  is  obtained  (hf  lateMit  pfriod  is  con.sii lerahje  and  the  heart 
jdoes  not  return  at  once  to  its  normal  rate  upon  cetwatiou  ni"  the 
stimulus  (see  Figs.  245  and  24(i).  In  .■^ome  rases  tho  effect  upon  the 
heart  is  an  acceleration  pure  ami  simplej — that  is^,  the  rate  ul'  beat  is 


FV».  345. — ^To  show  the  «ccel«ration  of  the  heart -rate  In  clew  liptiti  atimulntion  nf  the 
eleiulor  fibers.      The  uppprmoiit  line  nivpst  I  h<s  hran-ntte  ai<  rpcurriivJ  kty  a  H  ilrllilp  mnnonietfr 

t««l  into  Ibe  carotid:  the  middle  iini.-  milicBtoo  iho  be([inniiiK  ami  durnlion  <jf  Ihr  .iIimiiiIii:< 
elAniitnc  iDrliirtion  iihocIcK};  the  iv^ttom  lino  n)nrki>  »min<U.  Tlip  pul«--rnl<- wiu  inrrriiM-)! 
om  tfWi  «o  lit.i  per  ininut«.  The  heart  did  not  rvcnver  ilii  nornmj  rntv  unlit  Ihirfv  aeruDd.-t 
Iter  th«  siimulntKin. 


icreased  without  any  evidence  of  an  inci-eft.<!e  in  the  force  of  the 

Its.     The  larger  numl>er  of  lieats  is  offset  l>y  the  smaller  amiUittide 

each  beat ;  so  that  the  blood-prewsure  in  the  arteries  is  unchanged. 

Fn  tither  ca.'^es  the  effect  upon  the  heart  may  l>e  an  increase  not  only 

in  rate  but  also  in  the  force  (tr  amplitude  of  the  heats,  tir  the  rate 

lay  remain  unaffected  ami  <irdy  the  amplitutle  ai  the  heart 

iata  Ije  increa.seil.     For  tlte.se  reasons  must  authors  favor  the 

ricw  that  the  accelerator  nerves,  so  called,  contain  in  reality 

fo  sets  of  fil)ers,  one,  the  accelerators  proper,  whose  function 

simply  to  accelerate  the  rate,  and  one,  the  augnientt*r-s,  that 

luse  a  more  forcible  beat.     The  augmenting  action  is  obtained 

specially  from  the  nerve.s  of  the  left  side. 

Tonicity  of  the  Accelerators  and  Reflex  Acceleration.— 

result^sof  the  most  can-fui  work  show,  without  doubl,  that  the 

pcelerators  to  the  heart  are  normally  in  a  state  of  tonic  activity.* 

•  For  a  di9ru.ssion  of  this  aiid  trttier  fxiiiits  iit  ttie  pFiysiolojry  of  the  ac- 
imuire  ciee  Hunt,  ".Amerirftn  .loiiniat  of  Physiologj',"  2,  395,  1899,  and 
loumal  of  Kxperinieiital  Me<litine,"  2,  151,  1897. 
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When  these  nerves  are  cut  upon  hotli  si<les  the  heart  rate  is  derrea.se<l. 
We  muHt  believe,  therefore,  tlmt  under  normal  conditions  the  heart 
muscle  is  under  the  constant  control  of  two  antagonistic  influ- 
ences, one  through  the  inhibitor>'  filwrs  U*nding  to  slow  the  rate, 
one  through  the  accelerator  fibers  tending  to  quicken  the  rate.  The 
actual  rate  at  any  moment  is  the  resultant  of  these  two  influenoeB. 
While  such  an  urningement  seems  at  first  sight  to  be  unnecesBBiy 
from  a  mechanical  standpoint,  it  is  doubtless  tnie  that  it  possesses 
some  distinct  advantage.  Possibly  it  makes  the  he^rt  more 
promptly  resjjonsive  to  reflex  regulation.  Balanced  mechanisms 
of  this  kinri  are  foimd  in  other  parts  of  the  body  where  smooth  and 
promjjt  reactioiii*  to  stimulation  seem  to  l>e  especially  necessar>', — 
for  exam|)te.  the  constrictor  and  dllatf>r  fil>er8  of  the  iris,  the  ex- 
tensor and  flexor  muscles  of  the  joints,  etc.  Physiologists  have 
studied  experimentally  the  effect  upon  the  heart  of  stimulating 
simultaneously  the  inhibitory  and  the  accelerator  nerves.  The 
work  done  upon  this  subject  by  Hunt  seems  to  make  it  very 
certain  that  in  all  such  cases  the  result,  so  far  as  the  rate  i» 
concerned,  is  the  algebraic  sum  of  the  effects  of  the  separate 
stimulations  of  the  nerve.  The  inhibitory  and  the  accelerator 
fd>ers  must  be  considered,  therefore,  as  true  antagonists,  acting 
in  opposite  ways  upon  the  heart.  The  existence  of  the  accel- 
erator nerves  makers  possible,  of  course,  their  reflex  stimulation. 
Experimentally  it  is  found  that  stimulation  of  various  sensfirj' 
nerves — thd.se  <if  the  limbs  or  trunk,  for  instance — may  cause 
reflexly  either  an  increa.se  or  decre:ise  in  the  heart  rate,  and  as 
Vk  matter  of  experience  we  know  that  our  heart  rale  may  be 
increascMi  by  various  changes,  particularly  by  emotional  states. 
The  natural  explanation  of  such  accelerations  is  that  they  an 


I  It    J  10      Til  nhiiK  tli«-  ucfrlcmliun  and  aiiKnirntstioii  prtxHnr.'.l  1.- 
IwilaloJ    <«!'•    h<«H.   •Iiniiilnliiin    on    IrO    ii<lr.      'Ilir    tipper   c>ii 
nxilrmr.iiiil",    th**    l(j«rr  ime    !hr    nurinilnr    nmlmrf iiin*.       Tlu 
tkmc  la  •«eoi)4*  •u«l  tht  liii«  above  mdiotei  the  ilunttion  <>(  ti"' 
•nMM  D«rv«. 


due  to  reflex  .stimulati«»n  nf  the  nerve  cells  in  the  central  nerv 
systeni  which  give  rise  to  the  accelerator  fibers.  Uui  anot 
point  of  view  is  pussiblc.  An  increase  in  heart  rat«  may 
brought  about  either  by  a  reflex  stimulation  of  the  arcelei 
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fibers  or  by  a  reflex  inhibitiou  of  the  cardio-inhibitorj'  center- 
Hunt  especially  has  presented  itmny  experiinental  fants  which 
indirate  that  an  increase  in  heart  rate  from  reflex  action  may  he 
proiluccd  by  an  inhibition  of  the  tonic  activity  of  the  cardirv 
inhibitory  center.  He  finils.  for  instance,  that  when  the  two 
vagi  are  cut  stimulation  of  various  sensory  nerves  fails  to  give 
any  increase  in  the  already  rapid  heart  rate,  while,  on  the  con- 
trary, when  the  two  cccelerator  paths  are  cut  a  reflex  increase  in 
heart  rate  may  be  obtained  readily.  The  negative  result  after 
previous  section  of  the  vagi  may  well  \>e  flue,  Imwever,  to  the 
fact  that  the  heart  is  then  beating  at  a  very  ra[>id  rate,  too 
rapid  for  the  production  of  sm  additional  acceleration  through 

[the  ordinary  physiological  mechanism.  Acting  on  this  view, 
Hooker*  has  shown  that  if  the  heart  is  kept  slowed  by  artificial 
tstimulation  of  the  peripheral  end  of  the  vagi,  tlieu  various 
senaory  stimuli  will  provoke  a  reflex  acceleration  which  can 
only  occur  through  the  accelerator  center.  In  addition,  Bering  t 
has  given  experimental  evitlenee  to  sliow  that  the  acceleration 
of  the  heart  following  upon  inu.scuhir  exerci-se  does  not  occur 

[•when  the  accelerator  nerves  are  cut,  a  fact  which  also  seems 
show  that  these   nerves    may  be  reflexly  stimulated.     We 

'may  conclude,  therefore,  that  the  accelerator  and  the  inhibitory 
fibers  are  working  constantly  on  the  heart,  and  that   its  rate 

lis    the    resultant    or    algebrait;    sum    of    their    effects,    and 

[that  sudden  changes  in  this  rate,  such  as  follow  from  sensory 

for  psychical  di.sturbances  of  any  kind,  may  be  referred  to  a 
reflex  effect  upon  either  the  cardio-inhibitorv  or  the  accelerator 
center.     Wliile  physiology  lia.s  dennmstrated  the  general  properties 

^of  the  regulating  nerves  of  the  heart,  the  inhiliitor>-,  on  the  one 
jand,  and  the  accelerator  and  aunmentor  on  the  other,  it  l'*  necessary 
for  much  more  work  to  be  done  in  onler  to  explain  satisfactorily 
these  nerves  participate  in  the  various  normal  and  pathological 
igea  of  rate  and  force  of  Iteat. 


The  Accelerator  Center. — The  att-elerator  fibers  arise  primarily  in 
He  central  nervous  system.  Rtnoe  simulation  of  the  upper  cen-ical  re^on 
f  the  cord  causes  acceleration,  it  seems  evident  that  the  path  must  begin 
iinewtiere  in  the  brain.  It  has  been  assumed  that,  like  the  mhibilor\'  fit»ers, 
fio  path  .starts  in  the  medulla,  and  that,  tlicrefore,  the  celLs  in  that  organ 
rhirli  ipve  rise  to  the  accelerator  filwrn  constitute  the  accelerator  center 
hroujeh  which  reflex  effects,  if  any,  take  place.     As  a  matter  of  fact,  the 

tton  of  these  oelLs  of  origin  lia-s  not  hvan  made  out  .satisfactorily.  The 
,ler  offers  unviMi.-il  diliicult  y  on  the  e\(>erimenlal  .''itle,  owing  to  the  existence 
rllie  curdio-inhibitory  center  in  the  inedullu  and  the  absence  of  any  entirely 
tififa^'tory  method  of  diKtiiigui.ihing  certainly  between  reflex  acceleration 

ough  this  center  and  through  the  accelerator  center. 


•  Hooker,  "American  Journal  of  Physiology,"  If*,  417, 
tHering,  " Centralbbtl  f.  PhyHiol.,'"  1894,  viii.,  76. 
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CHAPTER  XXXI. 


THE  RATE  OF  THE  HEART  BEAT  AND  ITS  VARIA- 
TIONS UNDER  NORMAL  CONDITIONS. 

The  rate  of  heart  heiit  changes  qiiickh-  in  response  to  variattoDS 
in  either  the  iiiterruii  or  external  fonditions.  Therein  lies,  in  fact, 
the  great  value  of  the  regulaton'  (inliibitorv'  and  accelerator)  nerves. 
Through  their  agency,  in  large  jwrt.  the  pump  of  the  circruiation  is 
reflexly  adjusted  to  suit  the  changing  needs  of  the  organism  anil 
ada])ted  more  or  leas  successfully  to  alterations  in  the  external 
en\irumncnt.  The  variations  in  the  mte  of  Ijeat  may  Ije  eoniddereii 
under  tliree  general  heads:  (I)  Fixed  adjustments  to  the  different 
mechanical  conditions  of  the  circulation.  (II)  Variations  cau^eii 
hy  reflex  effects  upon  the  inhiliitory  or  accelerat^)r  nerves.  (Ill) 
N'ariations  caused  by  changes  in  the  physical  or  chemical  conditions^ 
of  the  blood. 

The  Fixed  Adjustments  of  Rate. — ^When  we  Hpeals.  of  the 
nonnal  pulse  rate  we  mean  the  rate  in  an  adult  when  in  a  conditii 
of  mental  antl  bodily  repose.  Examination  shows  that  under  then' 
ciicumstances  there  are  great  intlividual  variations.  The  average 
normal  rate  for  man  may  l>e  estimated  at  70  lieats  fier  minute; 
for  woman,  78  to  S<)  I)eat3;  but  the  normal  rate  fi>r  some  individuals 
may  be  much  lower  (FA))  or  much  higher  (90).  .'\Tnong  the  ooodi- 
tions  for  which  the  heart  rate  shows  a  certain  constant  fLxed  mdai 
tion  the  following  may  1)6  mentione<l: 

Varuitions  unth  Sejc. — The  average  pulse  rate  in  women 
a  rule,  higher  than  that  in  men,  and  this  difference  seems  to 
for  all  jjeriixls  of  life. 

Viiri4Uiuns  with  Size. — ^Tall  indiviiluals  have  a  slower  puke 
rate  timn  short,  persons  of  the  same  age.  Several  ol)servers  have 
thought  tliat  they  could  detect  a  constant  relationship  between 
ruxe  and  pulse  rate.  Thus,  Volkmann  l^lieve<l  that  the  pube 
mte  varies  inversely  as  the  five-ninth  jwwer  of  the  height.  In 
the  same  direction  it  is  found  that  small  animal.*;,  as  .%  nUe.  haw 
a  higher  pulse  rate  than  larger  ones.  Thus,  elepliant,  2.'>-2S 
boree  and  ox,  36-50;  sheep,  60-Sf);  dog,  10f>-r.>0:  ral)l>it,  150 
mice,  700.  The  smaller  the  animal,  .speaking  generally,  the  more 
rapid  is  the  consumption  of  oxygen  iti  its  tisi^ut's,  and  the  increiiWH] 
demand  for  oxygen  is  met  hy  an  acceleration  of  the  flow,  due  to 
the  <juicker  hv&\  of  the  heart.  According  to  Bucluuian*  the  heart 
of  the  canar>'  brats  at  the  extraordinary  rate  of  1000  \wt  minute. 
•  Buchknan,  "S<'irnr«'  I'n>(cnw."  July,  VMO. 
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Variations  wilh  Age. — In  line  with  the  hist  condition  it  ie  found 
in  man  that  the  pulse  rate  is  highest  in  infancy,  ainka  quite  rapit.!!}" 
iit  first  and  then  more  slowly  up  to  mlult  \Mq,  and  rises  again 
slightly  in  ver>"  old  age  at  the  time  that  the  body  undergoes  a 
j>erreptible  shrinkage.  The  most  extensive  data  upon  this  point 
iire  found  in  the  works  of  the  okler  oljservers.*  According  to  Cluy, 
a  corideiiseil  suniniary  of  the  average  results  obtaiiietl  at  different 
periods  of  life,  both  sexes  included,  may  be  given  as  follows: 

At  birtli 140 

Infancy 120 

Childliwd 100 

Youth 90 

Adult  age 75 

Old  ORC 70 

Exlreme  !ige 75-80 

The  Variations  in  Pulse  Rate  Effected  through  the  In- 
hibitory and  Accelerator  Nerves. — Most  of  the  sudden  adaptive 
changes  of  the  heart  rate  come  under  this  head.  In  the  laborator\' 
we  fin<l  that  stimulation  of  all  sen.sorv  nerve  tnmks  may  affect 
the  hejirt  rate,  in  some  ca.se?;  iiicrea.<!ing  it,  in  others  the  reverse. 
In  life  we  find  that  the  pulse  rate  is  ver>'  responsive  to  our  changing 
sensations  and  csfM^ciaJly  to  mental  conditions  that  indicate  deep 
interest  or  emotional  excitement.  In  a  previous  paragraph  (p.  58o) 
the  physiological  cause  of  this  effect  has  been  discu.ssed  briefly.  It 
may  arise  either  from  a  reflex  excitation  of  thr  accelerator  nerves 
or  a  reflex  inhiliition  of  the  tonic  activity  of  the  inhibitorj'  nerves. 
The  facts  at  present  seem  to  indicate  that  both  mechanisms  are  use<i. 
In  addition  to  these  reflexes  a.ssociatefl  \vith  conscious  .states  the 
heart  is  susceptible  to  reflex  infiuence.s  of  a  totally  unconsciuus  char- 
acter comiecteil  with  the  states  of  activity  of  the  visceral  organs. 
For  example,  aftor  meals  the  heart-beat  increases  usually  in  rate 
and  especially  in  force  of  Ifcat,  thereby  counteracting  the  effect  on 
blood-pressure  of  the  large  vascular  dilatation  iiv  the  intestinal  area. 

Variations  in  Henri  Rate  with  the  Conditi<m  of  BloiHi-pressure. — 
It  has  long  l^een  known  that  when  the  blood-pressure  in  the  arteries 
falls  the  pulse  rate  increa.ses  and  when  it  rises  the  pulse  rate  de- 
creases. Thus,  the  low  bIooil-|)ressure  that  is  characteristic  of 
the  condition  of  surgical  shock  is  assoriateri  with  a  ver>'  rapid 
rat*  of  heart  beat.  There  is  a  certain  inverse  relationship  between 
pressure  and  rate  which  has  the  characteristics  of  a  purposeful 
adaptation.  The  tiuicker  pulse  nite  following  upon  the  low  pressure 
tends  to  increase  the  output  of  blocwl  and  raise  the  pressure.  There 
was  formerly  much  discussion  as  to  whether  this  relationship  is 
brought  about  by  reflexes  through  the  extrinsic  nerves  of  the 
heart  or  whether  it  is  due  to  some  direct,  perhaps  mechanical, 

•  See  Volkniann ,  "Die  Hilriio<lvniHnik,"  p.  427,  1850;  also  Guy,  article 
*Puhe"  in  Todd'a  "Cyclopedia  ofAriatouiy  ajid  Pliysiology,"  1847-49. 
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effect  upon  the  heart.     The  experiments  of  Newell  Martin  upon 
the  isolated  heart  seem  to  have  settled  the  matter  satisfactorily.* 
By  a  method  devised  by  him  he  kept  dogs'  hearts  beating  for 
many  hours  when  isolated  from  all  connections  with  the  hody 
except  the  lungs.     Under  these  rimilitious  it  was  ftmnd  tint 
even  extreme  variations  in   bloorl-preasure  did   not  affect  the 
heart  rate.     Consequently,  the  variation  that  does  take  place 
under  normal  conditions  must  be  due  to  a  stimulation  of  the 
cardiac  nerves.     A  rise  of  pressure  in  the  arteries  may  affect 
directly  the  cardio-inhibitory  center  or  it  may  affect  afferent 
fibers  in  the  heart  or  arteries,  and  thus  reflexly  .stimulate  tK* 
cardio-inhit>itory  center.     This  point   ha.s  been  the  8ubje<'t  *>i 
a  number  of  investip;ations,   but  Ey-ster  and   Hookerf  appe^fcJ 
to  have  demonstrated  that  both  niethoilH  f>f  stinudatinn  occu.*"- 
High    arterial    pressure    affects    tJie    medullary    center   directl;? 
and  thus  slows  the  rate,  but  it  affects  also  certain  sensory  fibeC* 
in  the  aorta  at  or  beyond  the  arch,  and  through  them  causes    -^ 
reflex  slowing. 

Variations  with  ^fusctdar  Exercise. — It  is  a  matter  of  everv'da^^ 
ex}K?rience  that  the  heart  rate  increases  with  muscular  exercise!'  — 
A  simple  change  in  jjosture,  in  fact,  suificea  to  affect  the  he&iO 
rate.     The  rate  iiS  higher  when  standing  (SO)  than  when  sitting^^ 
(70)  and   higher  in  this  latter  condition  than  when   lying  doww- 
(66).     Unusual  exertion,  as  in  running,  caiises  a  very  marked  and 
long-lasting  increase  in  the  pulw*  rate.     The  beneficial  character 
of  this  aflaptation  is  very  evident.     Increase  in  muscular  activity 
calls  for  a  more  rapid  circulation  to  supply  the  oxygen  and  other 
elements  of  nutrition,  but  the  physiological  mechanism  by  which 
this  adaptation  is  obtained  is  not  explained  satisfactorily.    Johans- 
son,J  who  lias  studied  the  matter  carefully,  concludes  that  the 
effect  is  due  mainly  to  two  causes:  First,  to  the  effect  of  the  chein- 
ical  products  of  metabolism  in  the  active  mu.sc]e,  which  are  given 
off  to  the  circulation  and  are  then  carried  to  the  nerve  centers 
where  they  affect  the  cardiac  nerves,  or  possibly  to  an  effect  of 
these  metaijolic  products  on  tl>e  heart  directly.     He  considers  tliis 
factor  as  of  relatively  subordinate  imfH>rtance.     iSecond,  the  chief 
factor  is  found  in  an  a.ssociated  acti\dty  of  the  acfelerator  nerves. 
That  is,  the  ilischarge  of  iinpiUses  along  the  voluntar}-  motor  paths. 
(pyramidal)  seta  into  activity  at  the  same  time  and  proportionftlly 
the   center  of   the  accelerator  nerve  fibers.     HeringS  supports 
the  latter  part  of  this  explanation  to  the  extent  of  showing  that 
the  int Tease  in  heart  rate  after  muscular  exercise  is  dependent 

♦Martin.  "■Slmiii-M  frum  Uie  HiulngicaJ  l.;» boratory,  Jotuis  Hopkins  Uni- 
vereity,"  2,  '213,  1882;  also  "Collertwl  PhysioloeicoJ  Papers,"  p.  25,  1895. 
t  Eyster  anil  HcMiker,  "  Atnerican  Journal  of  Phy8iolop\', "  21,  373,  1908. 
X  Johaimwjn,  '■Skaiuliuavinelioa  Arcliiv  f.  Physiologie,    5,  20,  1885. 
(?  "Centralblalt  I.  invysTOloRie,"  5i,"&,  \Wd\. 
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pon  the  integrity   of  the  accelerator  nerves.     On   the  otiier 

and,  after  prolonged  or  excessive  muscular  exertion  the  heart 

te  remains  accelerated  for  a  considerable  period  after  cessation 

of  the  work — in  the  untrained  individual  at  least — a  fact  which 

would  indicate  some  long-lasting  influence,  such  as  is  implied 

^|in  the  first  factor  given  above,  namely,  the  effect  of  the  protlucts 

^■>f  muscular  metabolism. 

^H      Variations  mith  the  Gaseous  CondUwns  of  the  Blood. — In  con- 

^■ditions  of  asphyxia   the  altered  gaseous   contents    of  the  hlood, 

^Pbierease  in  CO,  and  decrease  in  Oj,  act  upon  the  mei3ullar>-  centers 

of  the  cardiac  nerves^  causing,  first, 

an  increase  and  then  a  decrease  in 

heart  rate. 

The  Variations  in  Pulse  Rate 
Due  to  Changes  in  the  Composi- 
tion or  Properties  of  the  Blood. ^ 
^■The  condition  under  this  head  that 
^|lbas  the  most  marked  influence  upon 
the  heart  rate  is  the  temjierature  of 
the  blood.  Speaking  generally,  the 
rate  of  beat  increases  regularly  with 
,the  temperature  of  the  blood  or 
ther  circulating  liquid  uj)  to  a  ccr- 
n  optimum  tenit>erature.  On  the 
leart  of  the  cold-bJoodetl  animal  this 
lationship  is  easily  deraonstratetl 
y  supplying  the  heart  with  an  arti- 
cial  circulation  of  Ringer's  si>lu- 
lion,  wluch  can  \ni  heated  or  cwiled 
at  pleasure.  The  rate  and  force  of 
the  beat  increase  to  a  maximum, 
which  is  reached  at  aimut  '•^y°  C. 
(see  Fig,  2^7).  Beyond  this  o|)ti- 
luum  temperature  the  beats  decrease 
in  force  and  also  in  rate,  l>ecojTiing 
irregidar  or  fibrillar  before  the  heart 
finally  comes  to  rest.  Newell  Mar- 
tin* has  shown  tlie  same  relatioji- 
ship  in  a  very  conclusive  way  upon 
the  isolated  heart  of  the  dog. 
Within  physiological  limits  the  rate 

of  beat  rises  and  falls  substantially  panilld  to  the  variations  in 
temperature  as  is  shown  hy  the  chart  ref)ro(Uiced  in  Kig.  248.  The 
acceleratetl  heart  rate  in  fevers  is  therefore  due  probably  to  the 

•  lliixtiii,"C!roonian  liOi'ture.  Pbilftstmliiral  Transnclions,  Royal  Society," 
LoBdoii,  174.  663,  1883;  also  "Collected  rhysioloRiiul  Papere,"  p.  40,  1895. 


Fib-  247.— To  kIihw  iIic  rffrrt  f\l 
teinlicralure  on  Ihc  mlr  nriil  furt-r  iif 
tli<<  hpurt  Iwnt.  ('oritmrlioii.-  of  Itip 
terTttr•in'^  venlrirle  at  itidpreiil  le«ii- 
lieraturae.  KyiDOgTurih  ninvitift  at 
(he  wattiB  speed.  M  .'«)"  llic  rate  i» 
HtiU  increanuig,  but  ibc  <?xlpiil  o(  oon- 
tractiiin  has  poimmI  il»  otitinium. 
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nl though  a  slightly  higher  temperature  may  l>e  withstood  i 
s])ecial  eunditions.     At  the  other  extreme  the  mammalian 
ceases  to  beat  when  the  temperature  falls  as  low  as  17°  to  1 
The  rate  of  the  heart  beat  may  be  influenced  also  by  mani 
stances  addpcl  to  the  blood.  The  influence  of  atrupin  and  mui 

*  Martin  and  Applegarth,  "Studies  from  the  Biological  Laboi 
.lohns  flopkins  University,"  4,  275,  1890;  aim  "Collected  PhyBioJj 
Papers, "  p.  97,  1895. 
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has  already  been  alluded  to,  but  changes  also  in  the  normal  con- 
stituents of  the  blood  may  have  similar  effects.  Thus,  an  increase  in 
the  sodium  carbonate  of  the  blood  affects  the  heart  beat,  particu- 
larly in  regard  to  the  amplitude  or  force  of  the  contraction, 
while  variations  in  the  other  inorganic  constitutents  may  have 
a  marked  influence  on  the  rate.  The  most  significant  and  strik- 
ing fact  in  this  connection  is  the  relation  of  the  potassium  salts. 
As  the  amount  of  diffusible  potassium  is  increased  the  pulse 
rate  becomes  slower  and  slower,  until  the  heart  stops  in  a  con- 
dition of  potassium  inhibition. 
.38 
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CHAPTER  XXXn. 

THE  VASOMOTOR  NERVES  AND  THEIR  PHYSIO. 
LOGICAL  ACTIVITY. 

During  the  first  half  of  the  nineteenth  century  the  phjrsical  or 
mechanical  conditions  of  the  circulation  were  carefiUly  studied  and 
great  emphasis  was  laid  upon  such  properties  as  the  elasticity  of 
the  coats  of  the  vessels.  The  physical  adaptability  th««by  con> 
ferred  upon  the  vascular  tubes  was  thought  to  be  sufficient  for  the 
purposes  of  the  circulation.  We  now  know  that  many  of  the  blood- 
vessels are  supplied  with  motor  and  inhibitory  nerve  fibers  through 
whose  activity  the  size  of  the  vascular  bed  and  the  distribution  of 
blood  to  the  various  organs  are  regulated.  We  know,  also,  that 
without  this  nervous  control  the  vascular  system  fails  entirely  to 
meet  what  seems  to  be  the  most  important  condition  of  a  nonnal 
circulation, — ^namely,  the  maintenance  of  a  high  arterial  pressure. 
Although  a  number  of  physiologists  had  assumed  the  existence  of 
nerve  fibers  capable  of  acting  upon  the  muscular  coats  of  the  blood- 
vessels, the  experimental  proof  of  the  existence  of  such  nerves, 
and  the  beginning  of  the  modem  development  of  the  theor>'  (rf 
va.somotor  regulation  were  a  part  of  the  brilliant  contributions  to 
physiologj'  made  by  Claude  Bernard.*  In  1851  Bernard  discovered 
that  when  the  sympathetic  nerve  is  cut  in  the  neck  of  a  rabbit  the 
blo(Kl-vessels  in  the  ear  on  the  same  side  become  very  much  dilated. 
He  and  other  observers  afterward  showed  that  if  the  peripheral 
(head)  end  of  the  severed  nerve  is  stimulated  electrically  the  ear 
becomes  blanched,  owing  to  a  constriction  of  the  blood-vessels. 
Thus  the  existence  of  vasoconstrictor  nerve  fibers  to  the  blood-vessels 
was  demonstrated.  A  vast  amount  of  experimental  work  has  been 
(lone  since  to  a.scertain  the  exact  distribution  of  these  fibers  to  the 
various  oi^ans  and  the  reflex  conditions  under  which  they  function 
nonnally.  Few  subjects  in  physiology  are  of  more  practical  im- 
jKirtJince  to  the  physician  than  that  of  vasomotor  regulation:  it 
|)lays  such  a  large  and  constant  part  in  the  normal  acti^'ity  of  the 
various  organs.  Bernard  was  doubly  fortunate  in  being  the  first 
to  demonstrate'  the  existence  of  a  second  class  of  nerve  fibers,  which- 
wlieti  stiintilated,  eatise  a  dilatation  of  the  blood-vessels  and  which 

*  Sw  -Life  <)f  (  lauiie  Konmnl,"  by  Sir  Michael  Foster,  1899,  in  the 

"Ma-Mfr-  nf  Medicine." 
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are  therefore  designated  as  vasodilator  nerve  fibers.  This  discovery 
was  made  in  connection  with  the  ehonla  tynipani  nen-e,  a  hraru-h 
of  the  facial,  which  sends  secretory  fibers  to  the  submaxillary  gland. 
When  this  nerve  is  cut  and  the  (>eripheral  end  is  .stimulated  a  secre- 
tion of  saliva  results  and  at  the  same  time,  a.s  Bernard  showed,  the 
blood-vessels  of  the  gland  dilate;  the  flow  of  I)lood  is  greatly  in- 
creased in  the  efferent  vein  and  may  even  show  a  pulse. 

In  the  nervous  regulation  of  the  blood-vessels  we  have  to  ton- 
sider,  therefore,  the  exist<!npe  and  phyjsiolngical  activities  of  two 
antagonistic  sets  of  ncn^e  fibers:  First,  the  vasoconstrictor  fibers, 
whose  action  causes  a  contraction  of  the  muscular  coats  of  the  ar- 
teries and  tiierefore  a  diminution  in  the  size  of  the  vessels.  Second, 
the  va.'sodilator  nerve  fibers,  whose  action  causes  an  increase  in  size 
of  the  blood-vessels,  due  probably  to  a  relaxation  (inhibition)  of  the 
muscular  coats  of  the  arteries.  Before  attempting  to  descril>e  the 
present  state  of  our  knowledge  upon  these  jwints  it  will  be  help- 
ful to  refer  to  some  of  the  methods  En*  means  of  which  the  e-\ist«nce 
of  vasomotor  fibers  has  been  denionstrateil. 

Methods  Used  to  Determine  Vasomotor  Action. — ^The 
simplest  and  most  direct  proof  is  obtained  from  mere  ins|>ection, 
whe-n  this  is  possible.  If  stimulation  of  the  ner\T  to  an  organ 
causes  it  to  blanch,  the  presence  of  vasoconstrictor  fillers  is  dem- 
onstrated unless  the  organ  is  muscular  and  the  blanching  may  t>c 
regarded  as  a  mechanical  result.  On  the  other  hand,  if  stimulation 
of  the  nerve  to  an  organ  cau.se8  it  to  l>ecome  congested  or  flushed 
with  blood  the  presence  of  va.sodilator  fibers  may  be  accepted.  It 
is  obvious,  however,  that  this  method  is  applicable  in  only  a  few 
instances  and  that  in  no  case  doe.s  it  tend  itself  to  quantitative 
study.  2.  Vasomotor  effects  may  l>e  determinetl  by  measur- 
ing the  outflow  of  blood  from  the  veins.  If  stimulation  of  the 
nerve  to  an  organ  causes  a  decrease  in  the  flow  of  blood  from  tlie 
veins  of  that  organ,  this  fact  implies  the  existence  of  vasoconstrictor 
fibers,  while  an  opposite  result  indicates  vasodilator  filjers.  3. 
By  variations  in  arterial  and  venous  pressures,  Wlien  vaso- 
constrictor fibers  are  slimiilatofl  there  is  a  rise  of  pressure  in  the 
arter>'  suppl^'ing  the  organ  and  a  fall  of  pressure  m  tiie  veins 
emerging  from  the  organ.  This  result  is  what  we  should  ex^>ect  if 
the  constriction  takes  place  in  tlie  region  of  the  arteriolew.  The 
diminution  in  size  of  thcte  vessels  by  increasing  |>eripheral  resistance 
augments  the  internal  pn'ssiirt*  on  the  arterial  side  of  the  nvsLstrince, 
and  causes  a  fall  of  side  ]  pressure  on  the  venous  side  (aoc  p.  .503). 
If  the  area  involved  is  large  enough  the  increased  resistance  will 
make  a  perceptible  difference  in  pressure,  not  only  in  the  organ 
supplied,  but  also  in  the  aorta;  there  will  l)e  a  rise  of  general  (dias- 
tolic) blood-pressure.     On  the  other  hand,  a  vasodilator  action  in 
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any  organ  ia  accompanied  by   the  re\'erse  changes.     Peripheni 
resistance  }>eing  diminished  there  will  l>e  a  fall  of  pressure  on  the 
arterial  aide  and  a  rise  of  pressure  on  the  venous  side.     Wheo, 
therefore,   the  sfinniiation  of  any  nerve   brings  about  a  rise  0/ 
arterial  pressure  that  can  not  be  rcferrcfl  to  a  change  in  the  heart 
beat  the  inference  made  is  that  the  result  is  due  to  a  vasocon- 
striction.    When  the  method  is  applied  to  a  definite  organ— the 
brain,  for  instance — it  becomes  conclusive  only  when  simultaneous 
observations  are  made  upon  the  pressure  in  the  arter\'  and  the  vrin 
of  the  organ,  and  proof  is  ol)tained  that  the  pressures  at  these  points 
var\'  in  opposite  directions.     4.  By  observations  upon  the  voluini' 
of  the  organ.     It  i.s  obvioiis  that,  other  conflitions  remaininjj  un- 
changed, a  vasoconstriction  in  an  organ  will  be  accompanied  by 
a  diminution  in  volume,  and  a  vasodilatation  by  an  increase  io 
volume.     I'his  metho<l  of  studying  the  btood-sujjply  of  an  oi-gan  i^ 
designat£<I  as  plHhysmoffrapfit/,  and  any  instrument   «lesigned   to 
record  the  changes  in  volume  of  an  organ  is  a  plethysmograph.* 
Plethysmographs  have  been  designed  for  s])ecial  organs,  and  in  such 
cases  they  have  sometimes  lH?en  given  sjx'cial  names.     Thus,  tt>€ 
plethy sinograph  used  upon  the  kidney  and  spleen  has  been  desi|5" 
nated  as  an  oncometer,  that  for  the  heart,  as  a  cardiometew- 
The  precise  form  and  structure  of  a  plethysmograph  varies,  of 
course,  with  the  organ  studied,  but  the  principle  used  is  tb* 
same  in  ail  ca,ses.     The  t)rgan  is  inclosed  in  a  box  with  rig:x<i 
walls  that  have  an  opening  at  some  one  point  only,  and  th  i* 
opening  is  placed  in  crmnecticm  with  a  recorder  of  some  kind  \^'S 
tubing   with   rigid    walls.     The   connections   between   record^^^ 
and  plethysmograph  and  the  space  in  the  interior  of  the  latt^^*^ 
not  occupied  by  the  organ  may  be  filled  with  air  or,  as  is  nior*     ^ 
usually  the  ca.se,  with  water.     The  idea  of  a  plethysmograp-       " 
may  be  illustrated  by  the  skull.     This  structure  forms  a  naturs^^ 
pelthysmograph  for  the  iirain.     If  a  hole  is  bored  through  th   ^^' 
skull  at  any  point  and  a  connection  is  then  made  with  a  recordess^^^ 
of  some  kind,  such  as  a  tamltour,  the  volume  changes  of  th-  -^' 
brain  may  he  registeretl  successfully.  1 

The  plettiysriiograph  gerierallveiiipIoyeU  iit  lalx>ratories, partirularly  fo''"*\^^ 
vestigations  on  man,  Ls  some  modilication  of  the  form  devised  by  Mghso  (tie*^^=^ 
Fi^,  249).     The  hand  »tiil  more  or  les*  of  the  ann  is  p!ace<l  in  a  gla£»  cylimle^^^*^ 


whicti  is  swmiE  freely  from  a  support 

off  bv  a  cuff  of   rubber  dam  that  iiitist   be  itiosen  of  such 


'J'tie  o[>cniiiK  arouml  the  ann  i8«hur  a 
1st  be  I'tiosen  of  sucli  a  siae  as  t^ 
fit  the  ann  snuply  without  conipres-sion  of  the  suf)ertifial  veiiw.  Th^ 
forwanl  end  of  thp  plelliy.>'nioK'"apli  is  coiiiiected  l»y  tubing  with  a  n-^ 
corder.  Throu^li  appropnate  o}>eninp»  the  cylinder  and  coniieoting  tube^ 
are  filled  with  warrn  watpr  imd  then  nil  openings  are  clotie<i  ejccenl  th^ 
one  lea<ling  to  llie  recorder.  .\ny  increa*<p  in  volume  of  the  ann  will  drivt^ 
Water  from    the    plethysmograph    to  the  recorder,  and   any   dec^ 

*  For  a  description  of  tbe  develonitieut  of  this  methoct,  aee  Frao^oia-FTanck- 
Marey  »  ''Travuux  du  LaVjotaVowe, '  VW^S,  \v.  \. 
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the  coutrary,  wiH  suck  water  from  the  recorder  into  the  plethysmograph. 
In  the  Author's  lalwratorj'  a  inoiliificatioii  that  han  l)een  found  mast  t-onve- 
nient  is  represented  iu  Fig.  2'tO.  To  avoid  cst-ape  of  water  at  the  iippwr  end 
of  the  tube  and  at  the  same  time  to  prevent  compression  of  the  veins  of  tlie 
arm  a  very  thin  rubljer  f^love  with  lonp  j^aiititlet  \a  iLsed.  The  gauntlet 
is  strengthened  by  cuffs  of  liani  tubing,  as  shown  ui  the  illubtration,  and  adl 
are  reflected  over  thf?  end  of  the  plethyrtmograph.  The  outer  cuff  (3)  may 
lie  omitted.  Tlie  hand  in  inserted  into  tlie  c-yhiider  and  i.s  lield  in  place  by 
flexing  the  fingers  through  the  rings.  The  plethy.smograph  being  susfiended 
freely  from  the  t'ciling,  any  movement  of  the  arm  will  move  the  in.strument  as 
a  whole  witliout  disturbing  the  position  of  the  ann  in  tlie  iiistrument.  By 
means  of  rings  of  hard  rubber  (D,fi),  one  fitting  around  the  rinv  of  the  nlethys- 
iiiograph  aikd  the  other  adapted  more  or  less  closely  to  the  size  of  the  foreanu. 
the  reflected  pxjrtion  of  the  gauntlet  and  oulT  is  Iteld  in  place  and  [)reveiited 
from  giving  way  readily  to  any  rise  of  pressure  in  the  plethysniograph.     Tlie 


I-'ilt-  240.— A  wJiematic  diaKi^im  of  Moaso's  plethyiunoip-aph  fur  tlieurins:  a,  ttioKlaas 
ider  fur  the  arm,  with  rubber  cleeve  and  twotubulatureM  fnr  filling  witli  warm  wnMr; 
e  sfnrai  eprinK  Awiniong;  the  l49!it  tube,  l.     Tbe  MpriuK  i"  ■'^>  culiHruletl  tliuC  the  levaloi 

liquid  io  tbe  l«Mt  lube  above  the  arm  remain!)  uocnaiiKetl  iia  (tie   lube  in   Itllcl   and 

emptied.     Tbe  movement.'^  of  the  tube  are  reeuntcd  un  a  druin  by  tlie  writinK  point,  p. 


interior  of  the  latter  i.s  comiectetl,  as  shown  in  F'ig.  24^),  to  a  test  tube  swntng 
by  a  spiral  ^^pring  (Bowditch's  recorder).  Tliespringt.sso  adjusted  by  trial  that 
it  sinks  and  rises  exactly  in  pro|K)rtion  to  the  inflow  or  outflow  of  water.  By 
ibis  meann  the  level  of  the  water  in  the  tube  is  ke])t  constant,  and  since  the  fxjsi- 
tion  of  this  level  determines  the  pref^sure  upon  the  outride  of  the  arm  in  tlie 
plethysniograph  this  pressure  Is  also  kept  constant  indef)endenlly  of  the 
changes  in  volume  of  the  arm.  The  level  should  l<e  set  in  the  beginning 
BO  a.s  to  make  a  slight  jKjsitive  pressure  on  the  anii  sufficient  to  flatten 
th«  thin  glove  to  the  skin  and  thus  drive  out  tite  air  between  the  two. 
When  the  apparatm*  is  conveniently  arranged,  with  .4ings  to  .support  the 
eItK>w,  obaen'ations  may  be  made  up<iri  the  changtf>  in  volume  of  the  arm 
^during  long  periods.  The  results  so  obtanietl  are  referred  to  under  several 
""  'ingB.  With  the  form  of  recorder  descrilied  the  plethysmograph  gives 
Hy  only  the  slow  changes  iii  volume  of  the  ami,  due  to  a  greater  or  less 
iwnount  of  blood.     Hy  iLsing  a  more  sen.sitive  recorder  and  making  the  con- 
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nections  entirely  rigui  the  s^maller,  nuirker  rhangesi  in  volume  cAused  li^  tht 
heart  beat  are  uIm)  reconled.  A  volume  pulse  its  obtained  rasettiblmR  in  H» 
general  fonn  the  pressure  pul.«e  given  l»y  the  sphygraograph.  When  imJ 
for  this  pitrpa^e  the  instrument  in  described  an  a  hydrogphygmngraph. 

Records  tAken  of  the  volume  of  the  hand,  foot,  brain,  ot  any 

otlier  organ  show  that  in  atldition  to  the  changes  caused  by  the 
heart  J>eat  and  by  the  respiraton'  movcnients,  there  are  other  more 
irregular  variations  that  are  continually  occurring,  the  eause  of  wiiirh 
is  to  be  foimr!  in  the  variations  in  the  amount  of  blood  in  the  organ. 
Day  and  night  these  changes  in  volume  take  place,  and  they  we 
referable  to  the  activity  of  the  vasomotor  system.  Vasoconstrirtion 
or  vasodilatation  in   the  organ   itself  cause  what  may   Ix*  rallwl 


Fiif.  25*1. — Detailed  flrawinR  of  tbe  Kla.««  pieth]mno|i;raph  with  th«  arrangement  of  rub^^^^ 
bor  Elove  to  prevent  leakiiiK  williuut  e<ifii|ir«sfmg  the  veins.  2.  The  glove  with  lis  aauntie^^^^ 
reflcntcd  over  the  end  nf  the  Klii.-i.»  eyhiider;  I  and  ;t,  supjMjrtinn  pieces  ol  stout  rubber  tub— ""^ 
iiic;  D  and  E,  xeclimis  urotiler  :irid  inner  HiiK»  nf  hiinl  rubber  Ifi  {ft.sten  the  reflerlod  rubber^^' 
tuTiiiKi  and  reduce  the  openiiiK  fur  the  anu. 


an  active  chanj^e  in  vnlrune.  Hut  vasoconstriction  or  vasodilata-- 
tion  in  other  organs  iuay  cause  a  }>erceptible  change,  of  a  passive 
kind,  in  the  volume  of  the  organ  vinder  observation.  For.  since 
the  amount  of  blood  remains  the  .siime,  a  change  in  any  one  organ 
must  affect  more  or  leas  the  volume — that  is,  the  blood  contents — 
of  alt  other  organs. 

General  Distribution  and  Course  of  the  Vasoconstrictor 
Nerve  Fibers. — ^These  fibers  belong  to  the  autonomic  sj-stem,  and 
consist,  therefore,  of  a  preganglionic  filier  arising  in  the  central 
nervoiKS  .system  and  a  postganglionic  fiber  ari.sing  from  the  cell  of 
some  .sympathetic  ganglion.  The  general  arrangement  of  the  auto- 
nomic .system  (p.  248)  shotdd  Ije  reviewed  in  this  connection.  It 
has  been  shown  by  experiments  of  the  kind  descril>ed  under  the  last 
heading  that  vasoconstrictor  fibers  are  present  in  numerous  ner>'e 
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inlcs,  but  especially  in  thost'  distribxited  to  the  skin  and  to  the 
ibdomiDal  and  pelvic  organs.  If,  lor  instance,  the  sciatic  or  the 
>lanchnic  ner\'e  be  cut,  to  avoid  reflex  effects,  and  the  peripheral 
'end  lie  stinnilated,  there  will  l>e  a  strong  constriction  of  the  vessels, 
which  may  be  detected  by  ocidar  insjjection,  blancliing;  by  the 
icrease  in  arterial  pressure;  or  by  the  diminution  in  volume  of  the 
}i^ans.  The  vasoconstrictor  fibers  supplying  these  two  great 
ions  arise  immediately  (postganglionic  fil>ers)  from  one  or  other 
the  ganglia  constituting  the  sympathetic  chain,  or  from  the  large 
prevertebral  ganglia  (celiac  ganglion,  for  instance)  iliretlly  con- 
lected  with  it.  Ultimately,  of  course,  they  arise  in  the  central 
lervous  s}'stem  (preganglionic  fiber),  and  it  has  been  shown  that, 
sr  the  regions  under  consideration,  they  all,  with  a  few  compara- 
tively unimportant  exceptions,  leave  the  spinal  cord  in  the  great 


V\g.  2fil- — Scbeoia  to  show  the  tiath  nf  the  preganglionic  aiul  |]oii(KanirlinJii<!  ixirtions 
I  •  vaaoconxlrictor  n«rve  fiber:  a,  Anterior  root,  ahowiriK  >lif>  r<iur>«  nf  ihc  preKanglionie 
er  ma  A  dolloi  linn;  li,  v,  dorsal  and  ventral  branches  nf  ilio  npinml  nerve;  r,  (nc  ramua 
nmuniiikiui ;  a,  ihi>  i^ynipatbetio  oanElion.  The  paotKBiiKliuijir  fiherviiri  t-tieh  niiiiu<  cuine 
DO  the  sympathetic  KsiiKlion  with  woich  it  ix  connected.  The  preeantiiUomc  tibers  enters 
[  At  kny  Banglion  may  pam  up  or  down  to  end  in  the  celU  of  fome  other  ganglion. 


outflow  that  takes  place  in  tlie  thoracic  region  from  the  second 
loracic  to  the  second  lumbar  nen'es  (j>.  250).  fn  this  outflow 
?v  are  mixetl  with  otlier  autonomic  fibers,  such  as  the  sweat 
pilomotor  fillers,  accelerator  fibers  to  heart,  pupilodilator 
Nnsceromotor  fibers,  etc.  Ktnerging  in  the  anterior  roots,  they 
to  the  .sj'mpathetic  chain  In'  way  of  the  corres|windiTig  ramus 
jmmunicans.  Having  reached  the  chain,  they  end  in  one  or  other 
the  ganglia,  not  necessarily  in  the  ganglion  with  which  the  ranms 
>nnect8  anatomically.  The  jireganKiionic  fibers  for  the  blood- 
of  the  s\il)maxillar>'  glanii,  f()r  in.stanctr,  enter  the  first 
sic  ganglion  of  the  s^Tnpathetic  chain,  but  do  not  actually 
terminate  until  they  reach  the  superior  cervical  ganglion  high  in  the 
Deck.    The  postganglionic  fibers  arise  in  the  ganglion  in  which  the 
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pregangfionic  fibers  terrainate.  Those  destined  to  supply  the  sldn 
of  the  tmnk  and  extremities  pass  from  the  ganglion  to  the  oor- 
res}>on<ling  spinal  nerve  ftv  way  of  the  ranius  commvinicans  (gray 
ramus)  and  after  reaching  the  spinal  ner\e  they  are  distriVnite<l  with 
it  to  its  corresponding  region  (Fig.  251),     In  the  general  r^on 


Fir.  2S;;. — Vasomotor  effect  of  Btlmulation  of  the  splanchnic  ner\'e—  rteririheritJ  end- 
in  the  liitg  CDawton) :  I.  The  line  »if  Mro  prc^'Hre;  L',  tlw  line  nf  rlie  plimulatinfr  r*u.  <"• 
and  off  mark  the  be^nioK  anj  en<l  of  the  stimuUtuiii;  ;),  the  time  record  in  .-ecioiik ;  4. 
the  bl<KKJ-|>reasure  record  ^timikUtioD  causes  a  mnrlied  rir«  of  bl(Mj(i-|>r<!f*iUrr  liur  en  •itmu* 
laliun  of  vaaocoiutrictor  ficieni) ;  S,  ptetbyamnRrnphic  IrurinK  of  the  volume  uf  Ihp  kidney 
rr>n<Minieter) :  stimul&tion  of  tne  »plsnchni<i  c'au~e>  u  iliniinuii<iri  in  volumi^  of  the  Viilney 
■  iwing  to  the  oonut riction  of  its  orterioies. 

under  consideration  (lower  cervifal  to  upper  lumbar)  each  rannis 
communioans  Itetween  a  spinal  nerve  and  a  sympathetic  ganglion 
con.sists,  therefore,  ttf  two  parts,  one  (white  raniits)  of  preganglionic 
fibers  iMiSsing  from  the  spinal  nerve  to  t!ie  ganglion,  the  other 
(gray  ramus)  of  postganglionic  fibers  coming  from  the  ganglion  to 
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le  spinal  nen'e  for  distribution  to  the  peripheral  tissues.  It  should 
borne  in  niinil  that  the  fibers  in  the  white  ramus  do  not 
Jtiim  to  the  spinal  nerve  by  the  Kra%'  portion  of  the  same  ramus, 
>ut  pasang  upward  or  downward  in  the  symi^thetic  chain 
jtum  to  some  other  spinal  ner\'e  as  postganglionic  fibers.  In  this 
iray,  therefore,  it  happens  tlmt  the  various  intercostal  nerves  and 
16  nerves  of  the  brachial  and  snatir  plexus  contain  vasoconstrictor 
ibers  as  postganglionic  or  sympathetic  Hlwrs.  (.)n  the  other  hand, 
'onstrictor  fibers  tlestined  for  the  great  vascular  region  uf 
-lines  and  other  abdonunal  viscera,  after  reaching  the  syni- 
ilhotic  chain  by  way  of  the  wliite  rami  as  ])regangliQnie  fibers,  do 
kot  return  Uy  the  spinal  nerves  by  tlie  gray  rami.  They  ieavc  the 
npathetic  chain,  still  as  preganglionic  fibers,  in  the  iiranches  of  the 
>laiichruc  ner\'es  and  through  them  ]>!»S8  to  the  celiac  ganglion, 
rhere  they  mainly  end,  and  their  path  is  cuiitinued  by  the  post- 
jlionic  or  sv'mpathetic  fibers  arising  from  this  ganglion.  More 
?cific  information  concerning  the  origin  of  the  vasoniotttr  fibers 
the  dififerent  organs  is  given  in  condensed  form  farther  on.  It  is 
\\i\te  important  in  llie  l>eginning,  however,  to  obtain  a  clear  generul 
inception  of  the  paths  taken  by  the  constrictor  fibers  from  their 
pn  in  the  spinal  cord  to  their  termination,  on  the  one  hand. 
Is  of  the  skin,  or,  on  the  other,  in  the  vessels  of  the 
il  and  fxjlvic  \*iscera. 
The  Tonic  Activity  of  the  Vasoconstrictor  Fibers.— A  very 
iportant  fact  regarding  the  vasoconstrictor  ncr\e  fibers  is  that 
ay  are  constantly  in  action  to  a  greater  or  Jess  extent.  'I'his 
*l  is  demonstnit*^d  by  the  simple  experiment  of  cutting  tlteni. 
_y»e  sympathetic  nerve  in  the  neck  is  cut  in  the  rabbit  the  bhxMl- 
of  the  ear  Ijecome  diluted.  If  the  splanchnic  nerves  on 
^two  sides  are  cut  the  intestinal  region  becomes  congested, 
and  the  effect  in  this  case  is  so  great  that  the  general  arterial  pressuir 
lis  to  a  very  low  point.  Fron;  these  and  ninnemus  sirnijar  e\- 
?riment.s  we  may  conclude  that  nnrmally  the  arteries — that  is, 
|hft  arterioles — are  kept  in  a  condition  of  tone  by  impulses  received 
irough  the  vasoconstrictor  fibers.  Cut  these  nerves  an<l  the  arte- 
ies  lose  their  tone  and  dilate,  with  the  result  that,  the  jM:'riphor!ii 
esistance  being  diminished,  the  latenil  pressure  falls  on  the  arterial 
fside  and  rises  on  the  venous  side.  The  relatively  enormous  effect 
u|HiD  aortic  prf:ssure  caused  by  paralysis  of  the  tone  of  the  arteries 
^In  the  splanchnic  area  shows  that  imder  normal  conditions  the 
^■peripheral  resistance  in  this  great  area  plays  a  predominant  part 
^Rn  the  maintenance  of  normal  arterial  pre.s,-^ure,  and  liy  the  .-iam*- 
^■Tcaiwning  variations  in  tone  in  the  arteries  of  this  region  nmst 
play  a  very  large  part  in  the  regulation  of  arterial  pressure. 

The  Vasoconstrictor  Center. — As  stated  in  the  last  two  para- 
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graphs,  the  vasoconstrictor  fibers  emerge  from  the  cord  over  4 
cJefinite  region,  and  they  exhibit  constant  tonic  acti\nt3\  It  h^ks 
been  shown,  moreover,  that  if  the  cord  \ye  cut  anywhere  in  tki« 
cervical  region  all  of  the  constrictor  fibers  lose  their  tone;  a  great 
vascular  dilatation  results  in  both  the  splanchnic  anil  skin  areas. 
We  may  infer  from  this  fact  that  the  vasoconstrictor  ])at}is  originat-e 
from  nerve  cells  in  the  brain  and  that  their  tonic  aeti\ity  is  to 
be  traced  to  these  cells.    Such  a  group  of  cells  exists  in  the  medulla 

oblongata,  and  fonns  the  i>a«o- 
constrktor   cniter.      The    axons 
gi\'en  off   from   these  cells  de- 
scend in  the  cervical  cord  and 
terminate  at  various  levels  in 
the  anterior  horn  of  gray  mat  — 
ter  in  the  region  from  the  upp^* 
thoracic  to  the   upper   lumha.  "■ 
v.ft^\^N  I  s]>inal  ner\'es.     A  spinal  neiux*:^^^ 

continues  the  path  as  the  pitgs  — 
ganglionic  vasoconstrictor  filje-    ^ 
\\      1  which    tenriinates,   as    alreaii]^!!^ 

described,  in  some  sympatheti^^^ 
ganglion,  whence    the    path 
further  continued   by  the  p«>st — 
ganglionic  filler.    This  arrange — ■ 
meat  iif  the  constrictor  paths  i^ 
indicated  schematically  in  Fig.^ 
253.     The  exact  location  of  th 
grouj)  of  cells  that  plays  the  im 
|)ortant  nMe  of  a  vjisoconstricto: 
center  has  not  lieen  determinetl 
histologically.     The  region  has, 
however,  l>een  (!e!itnitr<l  roughly 
l>v  physioldgicat  ex[teriments.  If 
the  brain  is  rut  through  at  the 
level  of  the  midbrain  there  is  no 
marked  loss  of  vascular  tone  in 
the  body  at  large.     If,  however, 
similar  sections  are  raaile  farther 
and    farther   back    a    point    is 
reached  at  which  vascular  paral>'sis  begins  to  be  apparent  and  a 
]iuint  farther  down  at  which  this  paraly.sis  is  as   complete  as  it 
would  be  if  the  cervical  ci>rd  were  cut.     Hctwe<*n  these  two  points 
the   vasoconstrictor  center  nuist  he.     The  careful  experiments  of 
this  kind  made  by  Dittmar*  are  now  somewhat  old.     According 
♦"Berichte  d.  SficVis.  .Akjulemie,  Math.-phys.  Klasse,"  1873,  p.  449. 


Fig.  25.3. — Sclienw  l>i  show  the  path 
of  the  VB«ocoD<triclor  Abrr^  fruin  llir  vaso- 
cniftirictor  center  to  the  lil<H)(l-vpit.xcl9  and 
the  nieclinnism  for  ttin  rt'flpx  stimulation 
of  [iie»«  Hbeni :  r.  c.  The  va-toronHtriclor 
renler;  1,  tlie  central  neuron  i)f  llip  va-w- 
coni<trictor  jMkth ;  2,  tl>e  Fiiiiinl  iieiiroti 
tprpjennirlionir  liber):  3,  thit  !<yin(iutlii'tic 
neuron  i[>a.tt(ciiii|ilioriic  fiber);  n.  (he  arte- 
riole; 4,  the  i»eii!M>ry  fil)er!i  of  tlie  pciAtetior 
root  laakine  ociniiccCian«  by  rullaterata 
witli  the  vnwjTonKtrirlor  center;  &,  an  io- 
lerceniral  filjer  c>l!Terefol)  acting  u{H>n  tbe 
V».sooi>iittriftt>T  center. 
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lis  description,  the  center  is  Itilateral, — tliat  is,  consists  of  a 
f^oup  of  cells  on  ctieh  side, — -ami  lies  about  the  middle  of  the  fourth 
ventricle  in  the  tegmental  region,  in  the  nei^hlwrliood  of  the  nucleus 
of  the  facial  and  of  the  superior  olivar>'.  In  the  rabbit  it  has  a 
length  of  3  nuns-f  a  breadth  of  1  to  1.5  nuns.,  and  lies  about  2 
to  2.5  nuns,  latenil  to  the  mid-line.  Assuming  the  existence  of 
this  group  of  cells,  we  must  attribute  to  them  functions  of  the  first 
iportance.  Like  other  motor  cells,  they  are  capable  of  being 
liniulaterl  reflexly  and  by  this  means  the  regulation  of  the  blooil- 
!ow  is  largely  controlled.  Moreover,  they  are  in  constant  activity, 
-due  doubtles.s  also  to  a  constant  reflex  stimnlus  from  the  inflow 
»f  afferent  impulses.  The  cftmplete  loss  of  this  tonic  inlluence 
midd  result  in  a  complete  vascular  paralysis,  the  small  arteries 
would  be  dilated,  jieripheral  resistiince  would  be  greatly  diminished, 
and  the  arterial  |)ressure  in  the  aorta  would  fall  from  a  level  of 
100-150  mms.  Hg  to  about  2f)  or  30  mms.  Hg,— a  pressure  insuffi- 
uient  to  maintain  the  life  of  the  organism.  There  seems  to  be  no 
piestion  now  that  in  the  condition  known  as  surgical  shock  the 
loss  of  control  by  the  vjisomotor  center,  and  the  e-tmsequent  vascular 
jaralysis  and  fall  of  blood-pressure,  are  the  chief  symptoms  of  a 
erious  character.  We  must  conceive,  also,  that  in  this  vasocon- 
trictor  center  the  different  cells  are  connected  by  definite  paths 
with  the  vasoconstrictor  fibers  to  the  different  regions  of  the  body ; 
^that  some  of  the  cells,  for  instance,  control  the  activity  of  the 
^nbers  tlistribut^d  to  the  intestinal  area,  and  others  govern  the 
^nressels  of  the  skin.  Under  physiological  conditions  the  different 
^^arts  of  the  center  may,  of  course,  he  acted  upon  separately. 

Vasoconstrictor   Reflexes— Pressor    and    Depressor  Nerve 
fibers. — It  is  obvious  that  such  a  mechanism  as  that  described 
ibove  is  susceptible  of  refle.v  stimulation  through  sensory  nen'es, 
nd  according  to  our  general  knfnvledge  we  should  su]>ix>se  that 
Ionic  center  of  this  kind  may  have  its  tonicity  increased  (excita- 
ponj  or  decreased  (inhibition).     Numerous  ex]M"riments  in  phy.9- 
)logy   warrant  the   view   that   both  kinrJs  of  effects  take   place 
jniially.    Those  afferent   nerve   fibers   which   when   stimvdated 
luse  refiexly  an  excitation  of  the  vasoconstrictor  center,  and 
lerefftre  a  peripheml  vasoconstriction  and  rise  of  arterial  pressure, 
re  fret|uently  ilesignatefl  as  pressor  fibers,  or  tlieir  effect  ujwjii  the 
ircuialion  is  designated  as  a  pressor  effect.     Those  afferent  fibers, 
the  contrary,  which  when  stimulated  cause  a  tliminution  in 
le  tcme  of   the  vasoconstrictor  center   and  therefore   a    periph- 
i\  vasodilatation  and  fall  of  arterial  pressun'.  are  designated  as 
ressor  nerve  fibers,  or  their  effect  upon  the  circulation  is  a  de- 
pressor effect.     Pressor  effects  may  l>e  olttained  by  stimulation  of 
'almost  any  of  the  large  nerv^es  containing  afferent  fibers,  but  espe- 


DigrtizETl'bv 


Oevlle 


604 


CIRrVLATION    OF    BLOiJD    A.SO    LVMI 


cially  perhaps  of  the  cutaneous  nerves.     And  there  is  abund&n  <:-e 
of  evklenre  t*)  show  that  similar  results  can  he  obtained  in  niar», 
The  pressor  effect  manifests  itself  l>y  a  rise  in  general  arterial  pres- 
Rure,  if  a  sufficiently  large  region  is  involved,  and  by  a  diminution 
in  size  of  the  organ  involved.     On  the  other  hand,  depressor  effet't* 
may  also  be  obtained  from  stimidntion  of  many  of  the  lai^  nenc 
tninks.     If  onf  stimulates  the  central  end  of  the  sciatic  nen-f, 
for  example,  one  obtains  a  pressor  effect  on  the  circulation  in  miwt 
cases,  but  under  certain  conditions  a  marked  depressor  efifect  fol- 
lows the  stimulation.*    The  simplest  explanation  of  such  a  result 
is  that  the  ner\'e  tninks  contain  afferent  fillers  of  both  kind?. 
When  we  apj>ly  our  electrodes  to  a  nerve  we  stinndat<?  evor>'  fiber 
in  it  anci  the  actual  result  will  depend  upon  whieh  group  of  filwr- 
exerts  the  stronger  action,  and  this  may  var>'  with  the  condition 


Fiif.  2M. — PlethyfimoKni|>hrc  curve  of  furearm.    The  volume  ut  the  jinn  wi 
by  meaiiR  of  a  counter-weisblMl  lauil>our  nnd  the  record  t<h(>w:«  tlie  pulie  wave^.   A  ptntiUnn 
in  mental  arithtnetir — the  iij-ixJuct  of  'J4  by  4J  —caUMMJ  a  iiuirkocl  rtutr'tru'riiiii  i>t  (Im-   mn 


of  the  ner%'e,  the  condition  of  the  center,  the  anesthetic  used,  etc. 
L'nder  normal  conditions  no  such  gross  stimulation  occurs.  The 
pressor  fibers  are  stimulated  luider  some  circumstances,  the  tk*- 
prfcssor  fillers  tuider  others.  For  in.stance,  when  the  skin  is  exposed 
lO  coM  it  is  bJanclu'd  not  by  a  ttirect,  but  by  a  reflex,  effect.  'Ha* 
low  temf>erature  stinmlates  the  .sensory  (cold)  fibers  in  the  akin, 
and  the  nerve  impulses  thus  aroused  reflexly  stimulate  the  vaso- 
constrictor center,  or  a  part  of  it,  ami  cause  blanching  of  the  skin. 
Exposure  to  liigh  tempenitures.  on  the  contrary,  flushes  the  skin, 
and  in  this  case  we  may  supiM>.se  that  the  sensory  impulses  carried 
by  the  heat  nerves  inhibit  the  tone  of  the  vasoconstrictor  center 
and  cause  dilatation  or  flu.shing  of  the  skin.  So  far  as  man  is 
concerned,  experinients  made  with  the  pletliysmograph  show  ven* 

♦See  Himt,  "  .Fminml  r>{  Vhyniolttfry,"  IS,  .3X1,  1896. 
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Clearly  that  the  vjiaoconstrietnr  center  is  easily  affeet«<l  in  a  pressor 
or  depressor  manner  by  psychical  states  or  acti\itic.s.  Mental 
work,  esj)ecially  mental  interest,  however  aroused,  is  followed  by 
a  constriction  of  the  hlood-vesiselsof  the  skin, — a  pressor  effect  (see 
Fig.  254) ;  and  we  may  find  an  explanation  of  the  value  of  the  reflex 
in  the  supposition  that  the  rise  of  arterial  pressure  thus  produced 


Fii!  ■,:.'>■'• — KfTori  iif  "timulnlini!  ihc  f-*iitral  enil  of  tlir  deprcFHor  nrrvr  of  th<"  lii^irt  in 
t  Tibliil  Til"  linii"  rt^f-iinl  markf  <>«>rr>n<l<,  '*"  and  ntf  mnrk  the  beKirininU  fti'l  *"''  of 
111!'  -iini'iluliiin.  ilic  lilivtd-ptwwurr  nxes  flnwlv  after  th«>  rpniin-nl  of  tlip  ittinnilu!)  nni] 
cvriiiimlly  rrftcl>i~  lln-  norii.Al  level.  Tlii*  complete  recover}'  i»  not  shown  in  the  portion 
of  the  ceeortl  repmtiitred.     iliamon.) 

forces  more  Mood  through  the  lirain  (p.  623).  On  the  other  hand, 
feelings  of  einharras-sment  or  shame  may  be  associated  with  a  de- 
pressor effect,  a  dilatation  in  the  vessels  of  the  skin  manifested,  for 
example,  in  the  act  of  blushing.  In  both  eases  wo  must  assimie 
intracentral  nerve  paths  between  the  cortex  and  the  center  in  the 
me<lulla.  the  impul.ses  along  one  path  exciting  the  center,  while 
thf>se  along  the  other  inhibit  its  tone,  or,  as  explained  Ijelow,  excite 
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a  vaaodilator  center.  Among  the  many  rlepressor  effects  that 
have  been  cibservetl  on  atimulatlun  of  afferent  nerve  filjers  one 
has  arousetl  especial  interest — namely,  that  caused  by  certain 
afferent  fibers  from  the  heart  or  from  the  aorta.  So  far  aa  the 
effect  in  question  is  concerned  the  physiological  evidence  indi- 
cates that  the  fibers  arise  from  the  descending  aorta  and  it 
might  be  more  appropriate  to  speak  of  them  as  the  depress<»r 
nerve  of  the  aorta.*  These  fibers  in  some  animals — the  dog, 
for  instance — run  in  the  vagus  nerve,  but  in  other  animab, 
the  rabbit,  they  form  a  separate  nerve,  the  so-called  deprfusor 
nerve  of  the  heart  -discovered  by  Ludwig  and  Cyon  (1S66). 
In  the  rabbit  this  nerve  forms  a  branch  of  the  vagus,  arising 
high  in  the  neck  by  two  roots,  one  from  the  trunk  of  the 
vagus  and  one  from  the  su|)erior  laryngeal  branch.  It  nms  towanl 
the  heart  in  the  sheath  with  the  vagus  anfl  the  cenical  sympa- 
thetic. The  nerve  is  entirely  afferent.  If  it  is  cut  and  the  peripheral 
end  is  stimulated  no  result  follows.  If,  however,  the  central  eiul 
is  8timulat«d  a  fall  of  blood-pressure  occurs  and  also  perhaps  ^ 
slowing  of  the  heart  beat  (see  Fig.  2.55).  The  latter  effect  is  di 
to  a  reflex  stimulation  of  the  cardio-inhibitor>-  center  and  maj 
\ye  eliminated  by  previous  section  of  the  vagris.  The  fall  of 
blood-pressure  is  explained  by  supposing  that  the  nerve,  vrhen 
stimulated  J  inhibits,  to  a  greater  or  less  extent,  the  tonic  activ- 
ity of  the  vasoconstrictor  center.f  Physiological  experiments 
indicate  that  the  nerve  plays  an  important  regulatory  nMe.) 
When,  for  instance,  blood-pressure  rises  above  nornial  limits,  it 
may  be  supposed  that  the  endings  of  this  nerve  in  the  aorta  or 
heart  are  stimulateil  by  the  mechanical  effect,  and  the  blotxl- 
pressure  is  thereby  lowered  by  an  inhibition  of  the  tone  of  the  con- 
strictor center.  Moreover,  it  hits  been  shown  l»y  Kinthuven  thai 
every  heart  beat  sends  up  this  nerve  a  series  of  nerve  impulses, 
that  is,  when  the  nerve  is  cut  and  the  ends  are  connwteti  with 
a  string-galvanometer,  electrical  variations  occur  synchronou-s 
with  the  heart  beat  (Fig.  280).  To  explain  this  result  we  can 
only  assume  that  each  heart  beat  stinmlates  sensory  endings 
in  the  heart  itself  or  in  the  aorta,  and  that  the  nerve  impulses 
thus  transmitted  to  the  medulla  probably  play  a  rdle  in 
tiu'ning  the  tonic  activity  of  some  of  its  centers,  perhaps, 
lOinthoven  suggests,  the  tonic  activity  especially  of  the  cardie 
inhibitory  center. 

*Soft  Byatcr  and  Hooker,  "Ainprifan  Journal  of  PbyaioktrVt "  21.  XTi, 
1906;  dun  K6Mter  and  Tschennnk,  "Archiv  f.  die  gnumnite  rhysiolocic^ 
n,  24,  HKU. 

t  .Sec  Porter  and  U<-v»t,  *' Amoricnn  Joiini&l  of  Phywolojcy, "  4,  283,  I' 
•Uo  n«vlw«,  '•Journal  ..i'  I'liywcloK^-,"  II.  -WJ,  1893. 

JSewoU  and  Sieimr,  "JourniU  of  I'liyaiology,"  G,  102,  1885, 
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A  moat  suggestive  example  of  the  regulating  action  of  ihe  deproasor  nerve 
»  Bv«a  by  SevralL  When  the  rarotUUina.  rabbit  are  elanijie*i  &  vanabW 
«na  not  very  largo  rise  of  arterial  pressure  is  obBen'eii.  If,  however,  tlie 
VtiiiHBii  nerves  are  first  cut,  clamping  the  carotids  causes  an  extraordinary 
li*  of  arterial  pressure.  When  the  carotids  arc  closed  we  may  suppose  that 
tl*  rasalting  anemia  of  the  medulla  Btiiiuilates  the  vasoconstrictor  center 
Ilk)  thus  tends  to  raiae  arterial  pressure,  but  tliis  effect  is  neutralized  becauw 
u  the  ptuaure  rises  the  depressor  fibers  of  the  heart  arc  Bfinnilntetl.  It 
«*■■  evident  that  during  life  the  clepressor  fibers  must  exert  a  very  important 
npiialing  effect  upon  tlie  circulation. 

A  similar  nerve  has  been  descriljed  ana.tomicall3'  in  man,  while 

m  animab  like  the  dog,  in  which  it  us  not  present  as  a  separate 

iuiatomlcal  structure,  it  probably  exists  within  the  trunk  of  the 

Vagus,    If  this  latter  nerve  is  cut  in  the  <log  and  the  central  end 

•  Btimulated  a  depressor  effect  is  usually  obtained. 

VttMe^n.itnctnr  Centm  in  the  Spinal  f'nrd. —  I'rom  tlie  description  r>f  (he 
^■■utonatriptor  m«chani.sm  pven  al)o^■e  tiie  jiroliabie  inference  may  l)e  made 
**^t  throughout  the  thorudc  region  the  cells  of  origin  of  the  ]ireKan(shoiiic 
?^>W  may,  under  sfjeciid  pnndition>i,  act  a*  subonlinate  vasoconstrictor  centers 
r*^>Ue  at  giving  reflexes  and  of  exhihitinp  some  tonic  activity.     Numerous 
^perimants  tefid  to  support  thin  inference      When  the  apinal  cord  in  i-ut  in 
^***  lower  thoracic  region  there  is  a  paralysis  of  \'as<*ular  tone  in  the  j>otiterior 
**tTwnities.     If,  however,  the  anima]:  if  kept  alive  the  vessels  gradually  re- 
|!^**ver  their  tone,  although  not  eoruiecteti  with  the  medullar}.'  center.     Tlie  re- 
^lUaptioo  of  tone  in  this  case  may  lie  atlribute<^l  to  the  ner\e  cells  in  the  lower 
J^ormcic  and  u^>per  lundiar  rcKion,  siiu'e  vnwuiar  jmralvi-is  is  again  |)rodueed 
^^»en  this  portion  of  the  cord  is  destroyed.     Finally,  tlolta  ba.s  shown  that 
^^ben  the  entire  cord  is  destroye*l,  except  thecer%-ical  region  (p.  155),  vascular 
*<ine  may  be  restored  finally  in  the  blooti-vesscls  affected.     In  this  caj«!  the  re- 
^^imptiob  of  tonicity  iuu.«ft  be  referreil  either  to  the  itroj)erties  of  the  muscular 
^oata  of  the  arteries  themselves  reacting  to  the  stimulus  of  the  interna!  pres- 
sure, or  to  the  activity  of  the  sympattictie  nerve  cells  that  give  rise  to  the 
t^ost^angiionic  fibers.     Under  noruiid  conditions  it  seems  quite  clear  that  the 
^remt  vasoconstrictor  center  in  the  mcduUa  is  die  important  seat  of  tonic  and 
^af  reflex  activity.     If  the  connections  of  this  center  with  the  bloocl-vesflela  are 
^fatroyed  suddenly — forc-taraple,  by  cutting  the  cervical  cord — blood-preasure 
falla  at  once  to  such  a  low  level,  20  to  30  mms.  Hg..  that  death  usually  results 
vnleas  artificial  meaoa  are  employed  to  sustain  the  animal. 

Rhythmical  Activity  of  the  Vasoconstrictor  Center. — 
Throughout  life  the  vasoconstrictor  center  is  in  tone  the  intensity 
of  which  varies  with  the  intensity  and  character  of  the  retlex  iin- 
{mlses  playing  uj>on  it.  Under  certain  unusual  conditions  the 
center  may  exhibit  rhythmical  variatinnH  in  tonicity  which  make 
themselves  visible  as  rhythmical  rises  ami  falls  in  the  general 
arterial  pressure  (Fig.  2n6),  the  waves  lieing  much  longer  than 
those  due  to  the  respiratory  movement-s.  These  waves  of  blood- 
preasure  are  ob8er\'e<l  often  in  experiments  upon  animals,  but 
tbeir  ultimate  cause  is  not  tinderstofMl.  The}'  are  tisuall\-  dei*ig- 
nated  as  Traube-Hering  wa%'es,  although  this  term,  strictly  speak- 
ing, belongs  to  waves,  synchronous  with  the  respiratory  mnvc- 
menta,  that  were  observed  by  Traube  upon  animals  in  which 
the  diaphragm  was  paralyzed  and  the  thorax  was  opened. 
These  latter  waves  are  also  due  to   a  rhythmical  action   of  the 
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vasomotor  center.  During  sleep,  certain  much  longer.  wave-Uke 
variation.s  in  the  blood-pressure  ulso  uccurthat  are  again  due  doubt- 
less to  a  rhythmical  change  of  tone  in  the  vaaoconstrietor  center. 


\'»)k.-K^ 


Xv^ 


Fi(t.  L'o<J. — Rhythmical  vjuomotar  wnvrm  of  l>tood-prrj»»iiiT  in  n  don  (Traubr-Hprinl: 
»-«v<>?i».  The  upper  traririK  CD  ii"  the  bloo<l-pre»i.-«ure  rwoH  ».«  takpn  with  Uie  mercuir 
rimnrnii"tr"r ;  iJir  lower  traeinn  f2>  i*  taken  with  a  Hilrthle  manometer.  Seven  distintk 
rr-'pimtury  wuvei  uf  blood-premure  may  be  recogDiied  on  each  large  wave.     (X>auw(m.) 

General  Course  and  Distribution  of  the  Vasodilator  Fibers. 

— l\v  lietinition  a  va.s<Hlilator  filjer  i.s  an  efferent  filjer  which  when 
stiimilated  causes  a  dilatation  of  the  arteries  in  the  region  siipplietl  _ 
In  searching  for  the  existence  of  such  fibers  in  the  various  ner\'^ 

trunks  physiologists  have  used  ali  the  methods  referretl  to  above, 

namely,  the  flushing  of  the  organ  as  seen  by  the  eye.  the  increase<i 
l)lood-f5ow,  the  incre^ise  in  volume,  or  the  fall  in  blootl-pressure  or» 
the  arterial  side  associated  with  a  rise  on  the  venous  side.  B]>-' 
these  niethotls  vasodilator  fibers  have  been  demonstrated  in  th^ 
following  regions : 

1.  In  the  facia]  nerve.     Tlie  dilator  filjers  are  found  in  the  chorda  tyn»-" 

fmni  branch  and  are  dislribute*!  to  the  8alivar\'  glands  (submaxil'^ 
ary-  and  suMingual)  and  to  the  anterior  two-thirds  of  the  tonpue. 

2.  hi  llie  glossophamigeid  nerve.     Siipphes  dilator  fil>er8  to  the  posteric**" 

third  of  toncue,  ton.'^its,  pharvnv,  parotid  gland  (tympanic  rM?rvr>  - 

3.  In  tlie  Bympallietic  cliain.     In  the  cervical  portion  of  the  sympathetic? 

dilator  fil)ers  are  carrietl  which  are  distrihutetl  to  the  mucous  mem—' 
brane  of  the  mouth  (lips,  gums,  and  palate),  nostrils,  and  the  akir* 
of  the  cheeks,      Tliesc  fil>e;rs  pass  up  tlie  nerk  to  the  superior  cen'i-^ 
cal  ganglion  and  thftn-c  liy  coniUiUiiicatinK  branches  reacli  the  Ga.*— 
serial!  garighon   and  are  di.strihuted  to  the  bueco-facial  region  in  tiic 
branches  of  the  fifth  crania)  nerve.*     From  the  thoracic  portioD  (rf" 
the  .sj-ni pathetic  va.sodilator  fibers  pass  to  the  abtloniinal  ^iacera  by' 
way  of  the  splanchnic   nerves  and   to  the  limbs    by  way  of  the 
branches  of  the  brachial  and  lumbar  plexuses,  hut  the  data  regarding 
tlie  dilator  fibers  for  the«e  regions  are  not  a.s  vet  entirely  Kattsfartory. 
Goltz  and  others  have  shown  that  dilator  fibers  are  found  in  the 
nerves  of  the  linilw,  l.ut  the  origin  of  these  fibers  from  the  sympa- 
thetic chain  has  not  been  demonstrated. 
♦  See  '•  Recherchess  experimentales  .'*ur  le  svstime  nerveux  vasomoteur, " 
D/urtre  antl  Marat,  \RHA. 
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4.  tn  the  nervi  crgcntcs.  Eckiiarcl  first  gave  ronchutive  proof  that  tho 
erection  of  tlie  penis  is  eMsentially  a  vasodilator  phenninenon.  The 
fibers  arise  from  the  first,  second,  and  third  sacral  spiiial  nerves,  pass 
to  the  liypogiustric  plexus  as  the  ner\i  prigentea, and  thence  are  dis- 
tributed to  the  erettile  tissues  of  the  jwnLs. 


The  General  Properties  of  the  Vasodilator  Nerve  Fibers. — 
Volike   the   vasoconstrictors,   the   vasodilators  are   not   in   toiiic 
at  least,  no  experimental  proof  iias  been  given  that  they 
In  Uje  case  of  the  erectile  tissue  of  the  penis  and  the  dilators 
of  the  glands  it  would  seem  that  the  fibers  are  in  activity  only 
■wring  the  functional  use  of  the  organ,  at  which  time  they  are 
■  viled  reliexly.     There  h;i.s  l>t:en  much  discussion  in  jihysiology  as 
u»  U»e  Oature  of  the  action  of  the  dilator  (il>ers.     The  muscular 
roftt  of  the  JimalJ   arteries  runs  tiuiisvei-sely  to  the  length  of  the 
vfflBel,  and  it  is  easy  to  see  that  when  stimulated  to  greater  con- 
ttMlioD  thrrjugh  the  constrictor  fibers  it  must  cause  a  narrowing 
of  the  arten'.     It  is  not  so  evident  how  the  nerve  impulses  carried 
by  iJje  dilator  filters  bring  about  a  widening  of  the  arterj'.     At 
one  time  peripheral  sympathetic  ganglia  in  the  neighborhood  of 
ibre  arteries  were  used  to  aid  in  the  explanation,  hut,  since  histo- 
lopcal  e\'ideQce  of  the  existence  of  such  ganglia  is  tacking,  the 
view  that  seems  to  meet  with  most  favor  at  present  is  as  follows: 
The  dilator  fibers  end  presuniably  in  the  iruiscle  of  the  walls  of 
the  arteries,  and  when  stimulated  their  impulses  inliibit  the  tonic 
contraction  of  this  musculature  and  thus  iiulirectly  bring  about  a 
reUxation.    Dilatation  caused  by  a  vasodilator  ner\'e  fiber  always 
l**«ippoees  therefore  a  previous  condition  of  tonic  contraction  in 
">e  walLs  of  the  art«'r>',  this  tonic  condition  being  produced  either 
^y  the  action  of  vasoconstrictor  fil>ers  or  possibly  hy  the  intrinsic 
Properties  of  the  muscle  itseif.      In  tlie  nerves  of  the  limbs,  as 
*^ted  above,  both  vasoconstrictor  and  vasodilator  effects  may  be 
^*«tected  by  stimtdation.     It  htis  been  shown  that  the  separate 
^fjers  may  be  differentiated  by  certain  tlifferences  in  properties. 
iTius,  if  the  peripheral  end  of  the  cut  sciatic  nerve  is  stimulated 
v>y  raptidly  rejieated  induction  shocks  a  vasoconstrictor  effect  is 
t)btained  as  shown  plethysmograpliically  by  a  diminution  in  volume 
of  the  limb.     If,  however,  the  same  nerve  is  stimulated  by  slowly 
repeated   induction   shocks  the  dilator  effect  will  predominate,* 
indicating  a  greater  degree  of  irritability  on  the  part  of  these  latter 
fibere.      After  section  of  the  sciatic  ner\'e  the  vasodilators  degen- 
erate more  slowly   than   the    vasoconstrictors,   and   they  retain 
their  irritability  when  heated  or  cooled   for  a   longer  time  than 
the  constrietors.t 

Vasodilator  Center  and  Vasodilator  Reflexes. — Since  the 

*Bowditch  and  Warren.  "Journal  of  PhvMology,"  7,  439,  18S6. 

t  Bowall,  Budgett,  and  Leonard.  "Journal  of  Phymology,"  16,  298,  1894. 
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vaHodilatbr  fibers  form  a  system  similar  to  that  of  the  vasoeoD- 
strictors,  it  might  be  supposed  that,  like  the  latter,  their  activity 
is  controlled  from  a  general  center,  forming  a  vasodilator  center  in 
the  brain  similar  to  the  vasoconstrictor  center.  What  evideooe 
we  have,  however,  is  against  this  view.  In  the  dog  with  hk  spinal 
cord  severed  in  the  lower  thoracic  r^on  the  penis  may  show  nonnftl 
erection  when  the  glans  is  stimulated, — a  fact  that  indicates  a 
reflex  center  for  these  dilator  fibers  in  the  lumbar  cord.  For  the 
other  clear  cases  of  vasodilator  fibers  we  have  no  reason  at  present 
to  believe  that  they  are  all  normally  connected  with  a  single  group 
of  nerve  cells  located  in  a  definite  part  of  the  nervous  system.  The 
dilator  fibers  in  the  facial,  glosM>pharyngeaI,  and  cervical  sympa- 
thetic (distributed  through  the  trigeminal)  all  arise  probably  in  the 
medulla,  but  not,  so  far  as  is  known,  from  a  common  nucleus. 
Intimately  connected  with  the  question  of  the  existence  of  a  general 
vasodilator  center  is  the  possibiUty  of  definite  reflex  stimulatioo 
of  the  vasodilator  fibers.  As  stated  above,  reflex  dilatation  of  the 
blood-vessels  may  be  produced  by  stimulating  various  ner\'e  trunks 
containing  afferent  fibers.  The  depressor  ner\'e  fibers  of  the  heart 
give  only  this  effect,  and  the  sensorj^  fibers  from  certain  other 
regions,  notably  the  middle  ear  and  the  testis,  cause  mainly,  if  not 
exclusively,  a  fall  of  arterial  pi-essure  due  presumably  to  vascular 
dilatation.  The  sensor\'  nerves  of  the  trunk  and  limbs,  when 
stimulated  by  the  gross  methods  of  the  laboratory,  give  eitbw 
reflex  vasoconstriction  or  reflex  vasodilatation,  and.  as  was  stated 
above,  there  is  reason  to  l)elieve  that  these  trunks  contain  two  kinds 
of  afferent  filxjrs.—  the  pit?j^'!or  and  the  depressor.  The  action  of  the 
former  pretlominatos  usually,  but  in  deep  anesthesia,  and  particu- 
larly in  those  conditions  of  exposure  and  exhaustion  that  precede 
the  apix»anince  of  "shock,"  the  depressor  effect  is  more  marked  or. 
indecil.  may  1x5  the  only  one  obtained.  To  explain  such  depreswr 
effe<'ts  we  have  two  pa»«sible  theories.  They  may  be  due  to  reflex 
excitation  of  the  centers  jdvinjr  origin  to  the  vasmiilator  fibers  or  to 
reflex  inhibition  of  the  tonic  activity  of  the  vasoconstrictor  centers. 
The  latter  explanation  is  the  one  usually  given,  especially  for  the 
typical  and  perhaps  sjx^ial  effect  of  the  depressor  nene  of  the  heart. 
This  explanation  soonis  justifietl  by  the  penenil  consideration  that 
in  the  two  great  vascular  arcjis  through  whose  variations  in  capacity 
the  blood-flow  is  chiefly  regulated, — namely,  the  alxlominal  vi^scera 
and  the  skin, — tlie  va.'sooonstrictor  fibers  are  chiefly  in  evidence 
ami  are,  moreover,  in  constant  tonic  activity.  On  the  other  hand, 
the  fact  that  va.><Hlilator  fibers  exist  is  presumptive  e\'idence  that 
Uiey  arc  stinnilatod  reflexly.  since  it  is  by  this  means  only  that  they 
can  nonually  afTtn't  the  l>loo<l-vt»s.s«>|s.  Some  of  the  many  depressor 
effects  o<curring  in  the  IkhIv  nnist   be  due,  therefore,  to  reflex 
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imulation  of  the  dilators  and  others  to  reflex  inhibition  of  the 
nstrictors.     It  would  be  convenient  to  retain  the  name  depresvsor 
r  the  sensory  fibers  causing  the  latter  effect,  and  to  designate 
ose  of  the  former  class  by  a  diflferent  name,  such  as  reflex  vaso- 
dilator fibers.*    Only  experimental  work  can  determine  pasitively 
to  which  efTect  any  given  reflex  dilatation  is  due,  but  provisionally 
t  least  it  would  seem  justifiahlc  to  a&sume  that  dilatation  by  reflex 
imulation  of  the  vasodilator  fibers  occurs  in  those  parts  of  the 
y  in  which  vasodilator  fibers  are  known  to  exist.     Thus,  the 
erection  of  the  penis  from  stimulution  of  the  glans  may  be  explained 
in  this  way,  also  the  congestion  of  the  salivary  glanilB  during  activity, 
the  blushing  of  the  face  from  emotions,  and  pos-sibly  the  dilatation 
the  skeletal   muscles  during   contraction.     Ga.skell  and   others 
ave  given  rejufions  for  believing  that  the  vessels  in  the  muscles  are 
pplied  with  viusodiltitor  nerve  fibers,  and  Kleen  f  has  shown  that 
mechanical  stimulation  of  the  muscles^kneading,  niaj^sage,  etc. — 
uses  a  fall  of  arterial  pressure. 

Vaaodilatatum  Lhie  to  Antulromic  ImpulMS. — The  existence  of  definite  effer- 
vafwillator  fibers  in  the  uerve  tnuiks  to  the  limbs  has  t>een  niade  doubt- 
by  the  work  of  Baylies.  This  author  has  disco\ere(]  certaui  ia.vt»  which  at 
nt  tend  to  make  the  question  of  vasodilatation  more  f)1>wurc,  but  which, 
fully  uiiilersit<x«U  wiD  doubt  les,s  give  u.s  a  much  dee|>er  insight  into  the 
Briefly  stated,  he  has  8ho\.vnJ  that  :^tiniuIution  of  the  jwislerior  roots 
of  the  nervw  supplying  the  lumbo-r:.acral  and  the  bra*"hial  plexas  tauACs  vas- 
_cular  dilatation  in  the  correnpondinfj  limbs.  He  has  given  n-a.sons  for  believing 
It  the  fibers  involved  are  afTtTont  fiU-ni  from  tht'lindis  and  that,  tlicn'fore, 
rhcn  s<tinnilated  they  must  conduct  the  inmulsca  in  a  dirci-tion  oppotsite  to 
normal — antidromic.  It  is  moat  diflicult  to  umli'i-statid  how  .such 
conveyed  to  the  U^rmitiations  of  the  spusory  fibers,  ran  affect  the 
Biiscular  tissue  of  the  blood-vessels.  It  i.4  mo.><t  difficult  tn  imderstniid  also 
how  euoh  anatomically  afferent  fibers  can  he  BtiimilHted  rcflcxiy  in  the  ct-n- 
^^^I^Upenrous  system.  ri.iyhs.t  gives  ren.sons  for  believing  that  tlie  hmba 
^^^^^M  DO  vasodilator  fibers  via  the  sympathetic  xyKteni,  and  that  either  the 
^^^^^Fveoels  in  this  reg:ion  arc  lacking  altogether  m  .inch  filK'rs  or  else  Llie 
'      afferent  fihera  function  in  the  way  described  (see  ako  p.  83>. 


^^ 


General    Schema. — The  main  facts  regarding  the  vasoniotor 
iparatus  may  be  sunuuarizeir briefly  in  tabular  form  as  follows; 


Efferent       vasomotor 
nerve  fibers. 


I.  Vasocon.>itrictor  fiter** — distrihuteil  mairdy  to 
the  skill  and  the  alHlomtnal  \i.>*cera  (siilatich- 
nic  area),  all  coiuiectetl  with  a  general  center 
in  the  medulla  oblongata,  and  in  constant 
tonic  activity. 
II.  \'a8oi|ilatnr  filjers — distributeil  tt»peciaHy  to 
thecrw-ttle  tis-sue,  glands,  burco-facial  region, 
and  nuwcles;  not  coimected  with  a  general 
center  and  not  in  tonic  lu-tivity. 


•  Sfie  Hunt,  "Journal  of  Physiology,"  18,  381,  1895. 

t  Kleen,  "  Skandinavisches  Archiv  f.  Phypiologie."  247,  1887. 

j  Itaylias,  "Journal  of  PhyHiology."  2«,  17:j.  IVOO,  and  28.  276,  1902. 
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I.  Pressor  fibers.  Cause  vaacular  conatrictioa  And 
lise  of  arterial  pressure  from  reflex  stimula- 
tion of  the  vasoconstrictor   center — e.  g., 
sensory  nerves  of  skin. 
II.  Depressor  fibers.  Cause  vascular  dilatation  and 

A  tt       *  cu  _,  _:,.; )  faU  of  arterial  pressure  from  reflex  inhibitioo 

Afferent  fibers  giving  J  ^^  ^j^^  ^^^^^  activity  of  the  vasoconstrictor 

vasomotor  reCexes.   "^  center,-*,  j,.,  depreLor  nerve  of  heart. 

III.  Depressor  (or  reflex  vasodilator)  Sbara.  Cause 
vascular  dilatation  and  fall  of  arterial  pres- 
sure from  stimulation  oS  the  vasodilator 
center, — e.g.,  erectile  tissue,  congestion  of 
glands  in  functional  activity. 

It  may  be  supposed  that  under  normal  conditions  the  activity 
of  this  mechanism  is  adjusted  so  as  to  control  the  blood-flow  through 
the  different  organs  in  proportion  to  their  needs.  When  the  blood- 
vessels of  a  given  organ  are  constricted  the  flow  through  that  organ 
is  diminished,  while  that  through  the  rest  of  the  body  is  increased 
to  a  greater  or  less  extent  corresponding  to  the  size  of  the  area  in- 
volved in  the  constriction.  When  the  blood-vessels  of  a  given 
organ  are  dilated  the  blood-flow  through  that  organ  is  increased  and 
that  through  the  rest  of  the  body  diminished  more  or  less.  The 
adaptability  of  the  vascular  system  is  wonderfully  complete,  and 
is  worked  out  mainly  through  the  reflex  activity  of  the  nervous 
system  exerted  partly  through  the  vasomotor  fibers  and  partly 
through  the  regulatory  nerves  of  the  heart. 

Regulation  of  the  Blood-supply  by  Chemical  and  Mechan' 
ical  Stimuli. — From  time  to  time  attention  has  been  called  to 
the  fact  that  the  calibre  of  the  blood-vessels  may  be  influenced 
otherwise  than  through  the  agency  of  vasoconstrictor  and  vaso- 
dilator nerve  fibers.  Gaskell,  for  example,  ha.**  shown  that  acids 
in  slight  concentration  cause  a  vascular  dilatation.  BaylLss  *  has 
recently  generalized  the  facts  of  this  kind,  and  has  suggested  that 
in  addition  to  the  nervous  regulation  descril^ed  in  the  preceding 
pages  there  may  l)e  formed  chemical  substances  of  a  ilefmite  cha^ 
acter  which  exert  a  similar  useful  regulating  action.  As  examples 
of  this  influenrc,  we  have  the  lactic  acid  produced  in  muscles  during 
activity  and  probably  also  the  carbon  dioxid  produced  in  this  as 
in  other  tissues.  These  substances  may  act  to  produce  a  local 
dilatation  during  functional  activity  and  thus  provide  the  oi^an 
witli  more  blootl  at  the  time  that  it  is  needed.  On  the  other  hand, 
th(>  internal  secretion  of  the  adrenal  glands  (epinephrin)  and  poissi- 
bly  also  of  tlu^  infundibular  |K>rtion  of  the  pituitary  gland  have 
the  reverse  elTect,  causing  a  vasoconstriction  and  thus  tending  to 
maintain  normal  vascular  ton*'.  In  a  similar  way  it  is  probable  that 
the  distention  of  the  arteries  by  internal  pres.sure  acts  as  a  mechan- 
ical stinuilus  which  leatb  to  increased  tone  and  thus  aids  in  main- 
*  Bayliss  in  "Ergebnissc'  dor  Physiologic,"  1906,  v.,  319. 
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taiziing  a  normal  arterial  tension.  Therapeutically,  various  sub- 
stances may  be  introduced  into  the  circulation  which  by  chemical 
action  cause  a  constriction  or  a  dilatation  of  the  peripheral  arteries 
and  thus  raise  or  lower  general  blood  pressure.  In  the  former  class 
of  vasoconstricting  reagents  we  have  such  substances  as  epinephrin, 
digitalis,  etc.,  while  in  the  latter  class  the  nitrites,  especially  amyl 
nitrite  (Brunton),  have  been  much  used,  particularly  in  such  condi- 
tions as  angina  pectoris,  in  which  a  quick  relief  from  a  state  of 
vascular  hypertension  is  desirable. 
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CHAPTER  XXXm. 

THE  VASOMOTOR  SUPPLY  OF  THE  DIFFERENT 
ORGANS. 

There  are  three  important  organs  of  the  body — ^namely,  tliB 
heart,  the  lungs,  and  the  brain — ^in  which  the  existence  of  a  vaso- 
motor supply  is  still  a  matter  of  uncertainty.  A  very  great  deal 
of  investigation  has  been  attempted  with  reference  to  these  organs, 
but  the  technical  difficulties  in  each  case  are  so  great  that  no  entirdy 
satisfactory  conclusion  has  been  reached.  A  brief  review  of  some 
of  the  experimental  work  on  record  will  suffice  to  make  e\ident  the 
present  condition  of  oiu"  knowledge. 

Vasomotors  of  the  Heart. — The  coronary  vessels  lie  in  or  on 
the  musculature  of  the  heart.  Any  variation  in  the  force  of  con- 
traction or  tonicity  of  the  heart  muscle  itself  will  therefore  affect 
passibly  the  caliber  of  the  arterioles  and  the  rate  of  blood-fiow  in  the 
coronan'  system.  At  each  contraction  of  the  ventricles  the  con>- 
narv'  circulation  is  probably  interrupted  by  a  compression  of  the 
smaller  arteries  and  veins,  and  the  size  of  these  vessels  during  dias- 
tole will  naturally  vary  with  thecxt<>nt  of  relaxation  of  the  cardiac 
muscle.  Since  stimulation  of  either  of  the  efferent  nerves  supplying 
the  heart,  vagus  and  sympathetic,  affects  the  condition  of  the  mus- 
culature, it  is  evident  at  once  how  difficult  it  is  to  distinguish  a 
simult4ineou.s  effect  upon  the  coronary  arteries,  if  any  such  exists. 
Newell  Martin*  found  that  stimulation  of  the  vagus  causes  dilata- 
tion of  the  small  arteries  on  the  surface  of  the  heart  as  seen  through 
a  hand  lens.  Moreover,  when  the  heart  is  exix)scd  and  artificial 
respinition  is  stopjxhl  the  arteries  may  Imj  seen  to  dilate  before 
the  Jisphyxia  cau.ses  any  general  rise  of  arterial  pressure.  Martin 
interpreted  the.se  observations  to  mean  that  the  coronarv'  arteries 
receive  va.so(lilator  filH'rs  through  the  vagus.  Porterf  measured 
the  outflow  through  the  c'oronar>'  veins  in  an  isolated  cat's  heart 
kept  alive  by  feeciing  it  with  l)lood  through  the  coronars'  arteries. 
He  found  that  this  outflow  is  diminished  when  the  vagus  nerxT 
is  .stimulated,  and  hence  conclude<i  that  the  vagus  carries  vasocon- 
strictor filers  to  the  heart.  .MsiasJ  reports  similar  results  also 
obtained  from  cat.s'  hearts  kept  alive  by  an  artificial  circulation 
through  the  coronary  arteries.     Stinmlation  of  the  vagus  slowed 

•  M.irtin,  '•Transactions  Mediral  and  CHinirgical  Faculty  of  MaryUad," 
1891. 

t  Porter,  "  Itoston  Mc<lirnl  anil  Surpral  Journal,"  January  9,  1896. 
J  .MauH,  '•  ,\rchiv  f.  die  gesammte  Pliysiologie,"  74,  281,  1899. 

614 


Digitized  by 


Google 


VASOMOTOR   SUPPLY    OF   THE    ORGANS. 


615 


Vthi 

of 

in; 
in" 


the  stream   (vasocnn.strictor  fibers),   while  stimulation   of  the 
sympathetic    path    quickened    the    flow    (va^iodilator    fibers). 

•Neither  Maas  nor  Porter  gives  conclusive  proof  that  the  heart 
musculature  was  not  affected  by  the  stimulation.  Wiggera 
reports*  that  the  effect  of  adrenalin  upon  a  heart  perfused 
through  the  coronary  arteries,  but  tiot  beating,  is  to  decrease  the 
flow,  while  upon  the  beating  heart  this  effect  is  reversed,  owing 
to  the  action  of  the  adrenalin  upon  the  heart  contractions. 
Schaefer.t  on  the  contrary,  gets  entirely  opposite  results.  When 
artificial  circulation  wa.s  maintained  through  the  coronary 
ivstem  anrl  the  amount  of  outflow  was  determined,  he  found 
hat  this  fjuantity  was  nut  definitely  influenced  by  stimulation 
of  either  the  sympathetic  or  the  vagus  branches.  Moreover, 
injection  of  adrenalin  into  the  coronary  circulation  had  no 
influence  upon  the  outflow,  and  since  this  substance  causes  an 
xtreme  constriction  in  the  vessels  of  organs  provided  with 
asoconstrictor  fibers,  the  author  concludes  that  the  coronary 
teries  have  no  vasomotor  nerve  fibers.  It  is  evident  from  a 
consideration  of  these  results  that  the  existence  of  vasomotor 
fibers  to  the  heart  ves.«;els  is  still  a  matter  open  to  investigation. 
Vasomotors  of  the  Pulmonary  Arteries. — The  pulmonary 
irculation  is  complete  in  itself  and,  as  was  stated  on  p.  510,  it 
ffers  from  the  systemic  circulation  cliietly  in  that  the  peripheral 
istance  in  the  capillarv  area  i.s  much  smaller.  Con.serjuent]y 
arterial  presjsure  in  the  pulmonary'  arter\'  is  small,  while  the 
ilocity  of  the  blood-flow  i.s  greater  than  in  the  systemic  circuit, — 
hat  is,  a  larger  ixjrtion  of  the  energy  of  the  ctmtraction  of  the 
ht  ventricle  is  used  in  moving  the  bloofl.  l-'rom  the  mechanical 
nditions  present  it  is  obvious  that  the  pressure  in  the  pulmonary 
rtery  might  be  increased  b\'  a  vo-soconstriction  of  the  smaller 
ng  arteries,  or.  on  the  otlier  hand,  by  an  increase  in  the  l>lood- 
flow  to  the  right  ventricle  through  the  venie  cava?,  or,  last,  h} 
back  presstire  from  the  left  auricle  when  the  left  ventricle  is  not 
ptying  itself  as  well  as  usual  on  account  of  high  aortic  pressure. 
le  it  is  comparatively  easy,  therefore,  to  incjisure  the  pressure 
the  pulmonar>'  artery,  it  is  fiilficult,  in  the  inter|iretation  of  the 
changes  that  occur.  t<»  exclude  the  |Kis.sibility  of  the  effects  1>eing 
due  indirectly  to  the  systemic  circulation.  Bradford  and  Dean, J 
by  comparing  carefully  the  simultaneous  records  of  the  pressures 
in  the  aorta  and  a  branch  of  the  piilmonarv'  arter\'-,  came  to  the 
inclusion  that  the  latter  may  lie  affected  inde|>pndent!y  by  stimu- 
ion  of  the  third,  fourth,  and  fifth  thoracic  spinal  nerves,  and 
(nee  conchided  that  these  nerves  contain  vasoconstrictor  tibers 

•  Wiggern,   "American  .loumal  of  Phyeiology, "    Ui(J9.     rrooeetiings  of 
American  Phy Biological  .Soriety. 

{'■.■Vrchives  des  wit-iift's  biologiquea, "  II,  s(i(ipl.  vohmie,  251,  1905. 
lindfonl  and  Dciiix,  "  JounmJof  FliysiolofO',     Hi-  ^■1.  1SU4. 
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to  the  pulmonary  vessels,  the  course  of  the  fibers  being,  in  general, 
that  taken  by  the  accelerator  fibers  to  the  heart,  namely,  to  the 
first  thoracic  sympathetic  ganglion  by  the  rami  conununicantcs 
and  thence  to  the  pulmonary  plexua.  They  give  evidence  to  show 
that  these  fibers  are  stimulated  during  asphyxia.  The  authors 
state,  however,  that  the  effects  obtained  upon  the  pressure  in  the 
pulmonarj'  artery  are  relatively  anil  absolutely  small  as  compared 
with  the  vasomotor  effects  in  the  aortic  systwn.  Siniilar  result 
have  l.)een  olttained  l>y  other  observers  (Fmn^'ois-Franck).  Ui 
another  and  more  direct  method,  Brodie  and  Dixon*  have  come 
to  an  opposite  conclusion.  These  authors  maintained  an  artificial 
circulation  through  the  lungs  and  measured  the  rate  of  outflow 
when  the  nen-es  supplyinjr  the  lungs  were  stimulated.  Under  theee 
conditions  stimulation  of  the  vagus  or  the  sympathetic  caused  no 
definite  change  in  the  rate  of  flow, — ^a  result  which  would  indicate 
that  neither  nerve  conveys  vasomotor  fibers  to  tlie  lung  vessels. 
This  conclusion  was  strengthened  by  the  fact  that  in  similar  per-_ 
fusions  made  ujxin  other  organs  (intestines)  vasomotor  effects 
easily  demonstrated.  Moreover,  adrenalin,  pilocarpin,  and  mt 
carin  cause  marked  vasoconstriction  when  irrigated  through  the 
intestine,  but  have  no  such  effect  upon  the  vessels  in  the  lungs. 
These  authors  conclude  that  the  lung  vessels  have  no  vasomotor 
nerves  at  all,  and  their  experimental  evidence  might  be  accepted 
as  satisfactorj'  except  for  the  fact  that  a  similar  method  in  the 
hands  of  another  observer  has  given  oppoedte  results.  Phmiiert 
finds  that  the  outflow  through  a  perfused  lung  is  diminished  in 
some  cases  by  stimulation  of  the  sympathetic  branches  to  the  lungs, 
and  also  by  the  use  of  adrenalin.  Under  such  conditions  it  i$ 
necesBar>'  to  defer  a  decision  until  more  experiments  are  reported. 
Regarding  the  vasomotors  of  the  lungs,  one  can  only  say,  as  in 
the  case  of  the  heart,  that  their  existence  has  not  l>ef.'n  demonstrated. 

The  Circulation  in  the  Brain  and  Its  Regulation. — The 
question  of  the  existence  of  vasomotor  nerves  to  the  brain  brinp 
up  necessarily  the  larger  question  of  the  special  characteristics 
the  cranial  circulation.  The  brain  is  contained  in  a  rigid  box 
that  its  free  expansion  or  contraction  with  variations  in  the  amount 
of  blotxl  can  not  take  place  as  in  other  organs  and  we  have  to  con- 
sider in  bow  far  this  fact  modifies  its  circulation. 

The  Arteruil  Supply  of  the  Brain. — ^The  brain  is  aupplie*i  tl 
the  two  internal  camtid-s  and  the  two  vertchrals,  which  t^i| 
fonn  the  circle  of  Willis.  It  will  be  remembered  also  that  th* 
vertebral  arteries  give  off  the  posterior  and  the  antc^rior  sptOAl 
Arteries,  which  supply  the  spinal  cord,  and  that  the  last-named 
arter\'  makes  anastomoses  along  the  cord  with  the  intercostal  ulcriM 

•  Brodie  And  Dixon.  ".fo»mial  of  Phyniolony."  30,  47fi,  1904. 
t  Plumicr,  "Journal  de  |iliy>i<ilojfie  et  de   polhologit«  gi^n^^nile."  0,  Ml^ 
IWM;  Aee  aLk)  "Archives  inteniatioaaleH  de  physiolofpe,"  1,  18Q,  1904. 
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and  other  branches  from  the  descending  aorta.  From  the  ana- 
tomical arrangement  alone  it  is  evident  that  the  circulation  in  the 
brain  is  very  well  protected  from  the  possibility  of  being  inter- 
rupted by  the  accidental  closure  of  one  or  more  of  its  arteries.  In 
some  animals,  the  dog,  one  can  ligate  both  internal  carotids  and 
both  vertebrals  without  causing  unconsciousness  or  the  death  of  the 
animal.  In  an  animal  imder  these  conditions  a  collateral  circula- 
tion must  be  brought  into  play  through  the  anastomoses  of  the 
Bpinal  arteries.  In  nmn,  on  the  contrary,  it  is  stateil  that  ligation 
of  both  carotids  is  dangerous  or  fatal. 

The  Venous  Supply.— The  venous  sv'stem  of  the  brain  is  peculiar, 
espieciaUy  in  the  matter  of  the  venous  siniises.  These  large  spaces 
are  contained  between  folds  of  the  dura  mater  or,  on  the  base  of 
the  skull,  between  the  dura  mater  and  the  bone.  The  channel 
hollowed  out  in  the  bone  is  covered  with  a  roof  of  tough,  inex- 
tensible  dura  mater,  and  indeed  in  some  animals  the  basal  sinuses 
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[yiC>  267. — Diagram  to  r*P''e"«>nt  the  r«Utiniu  of  the  meningeal  membraneR  of  the 
brum,  Uui  pusHioQ  uf  ibe  subaraclinoidal  apace  and  o7  the  vcooiu  aiDiuwH. 

imay  in  part  be  entirely  incase  1  in  bone.  The  larger  cerebral  veins 
open  into  these  sinuses;  the  oixriings  have  no  valves,  but,  on  the 
contrary,  are  kept  patent  and  protected  from  closure  by  the  struc- 
ture of  the  dura  mater  around  the  orifice.  The  sinuses  receive 
blood  al.so  from  the  veins  of  the  pia  mater,  dura  mater,  ami  from 
the  bones  of  the  skull  through  the  diploic  veins.  The  venous  blood 
emerges  from  the  skull  in  man  mainly  through  the  opening  of  the 
ftl  sinuses  into  the  internal  jugular  vein,  although  there  is  also 
munication  in  the  orbit  hctAveen  the  cavernous  sinus  and  the 
ophthalmic  veins  through  which  the  cranial  blood  may  pas.s  into 
the  sj'stem  of  facial  veins  or  vice  versa,  another  communication 
the  venous  plexuses  of  the  cord,  and  a  number  of  small  emis- 
veins.  In  some  of  the  lower  animals — the  dog,  for  instance — 
main  outflow  is  into  the  external  jugular  through  what  is  known 
as  the  superior  cerebral  vein.  A  point  of  physiological  interest  is 
that  the  venous  .sinuses  and  their  points  of  emergence  from  the  skull 
are  by  their  structure  well  protected  from  closure  by  compression. 
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The  Meningenl  Spaces. — ^The  general  arrangement  of  the  memn- 
geal  membranes,  and  particularly  of  the  meningeal  spaces,  is  im- 
portant in  connection  with  the  mechanics  of  the  brain  circulation. 
In  the  skull  the  dura  mater  adheres  to  the  bone,  the  pia  mater 
invests  closely  the  surface  of  the  brain,  while  between  lies  the 
arachnoid  {Fig.  257).     The  capillarv'  .sjjace  between  the  aracluioid 
and  the  dura,  the  so-called  subdural  space,  may  1^  neglects). 
Between  the  arachnoid  and  the  pia  mater,  however,  lies  the  sul>' 

arachnoidal    space    more  or 
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ki  less  intersected   by  septa  of 

J^^S^^^^^^^^  connective  tissue,  but  in  free 

^^^^^H^H^fcikW****^'  communication      throughout 

the   brain   and   cord.     This 
subarachnoidal  sfjace  Ls  filled 
with   a   liquid,   the  cerebro 
spinal   liquid,  wluch  forms  a 
pad  inclosing  the  brain  and 
cord  on  ail  .sides.     The  liquid* 
surrounding   the  cord    is     i*^ 
free      communication     wi*|^ 
that  in  the  brain,  as  is  intJ*' 
cated   in   the   accompanyi  i^"*^ 
schematic  figure  (Fig.  2.^)^)  ^ 
Within  the  brain  itself  thf?- 
are  certain  points  at  the  a.^ 
gles  and  hollows  of  the  d'JT^" 
ent  parts  of  the  brain  at  whic 
the      subarachnoidal      spa* 
is    much    enlarged,   fonnir 
the  so-called  cistema?,  whic 
are    in    communication    or 
with  another  by  means  of  tl 
less  conspicuous  canals   (5 
Fig.  259).    The  whole  sj'stei' 
is  also  in  direct  communin 
tion  with   the   ventricles   c» 
the  brain  on  the  one  hand- 
through     the     foramen     o- 
Magendie,  the  foramina  of  TjUS(;hkaj  and  jierhaps  at  other  place*^^^ 
and  on  the  other  hand,  along  the  rninial  and  spinal  nerves  it  i^^^ 
contiuucfl  outward  in  the  tissue  spacers  of  the  she-aths  of  these  ner\'es  — -^ 
The  Pacchionian  bodies  constitute  also  a  peculiar  feature  of  the  sub— "^ 
arachnoidal  space.     These  bodies  occur  in  numbers  that  vary  witb^ 
the  individual   and  with  age,  and  are  found  along  the  sinuses^*- 
especially  the  superior  longitudinal  sinus.     Each  body  is  a  minute^ 


Fig.    258. — irtnanuii 
tion  of  the  subaraohnuidal  space  in  the  brain 
and  the  cord. 
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Kiiaped  protrusion  of  the  arachnoidal  membranp  into  the  inte- 

^ttk  sinus,  as  represented  schematically  in  Fig.  260,    Through 

)K  bodies  the  cerehrospinal 

jiud  is  brought   into   close 

liUct     with     the     venous 

Jod,  the    two  being  sepa- 

led  only   b\'   a  tliin  layer 

dura  and  the  ven,-  thin 
Ichnoid.  The  number  of 
e  Pacchionian  botiies  is 
idly  sufficient  to  lead  ua 
euppose  that  they  Imve  a 
Scial  physiological  inijwr- 
Ke.    The  cerebnispinal  li(j- 

found  in  the  suljanich- 
dal  space  and  the  ventri- 
I  of  Uie  brain  is  a  \'er}" 
I,  water}'  liquid  iiaving  a 
6ific  gravity  of  only  l.()07 
1.008.  It  contJiins  only 
les  of  proteins  and  other 

inic  substances,  which  may  vary  under  pathological  condi- 
le.  It  is  thinner  and  moi-e  waterj'  than  the  lymph,  resembling 
ler  the  aqueous  humor  of  the  eye.     The  amount  of  this  fluid 


FTg.  'iM. — DiAfcrara  Ui  show  the  li>cation 
of  the  fi.«U>riUP  aiid  cAnal.i  of  the  »ub*nich- 
noidaJ  apace. — {Poiritr  and  C harpy-) 


Vk.  280. — Schmut  to  nhow  the  relstionn  nf  the  PncohioRian  boilics  to  (he  linUsMT 
I  nU»  of  the  dun  mater,  inckwiiiir  d  fdnua  between  them;  v.b.,  the  blood  in  the 
I-  •,  Um  vaehnoidAl  membrane:  p.  the  pia  mater;  Pa.,  the  Pacchiuniaa  body  aa 
>i>cilun  of  the  arachnoid  into  the  blood  ednus. 


0eDt  normally  is  difficult  to  determine.     Various  figures  have 
n  given,  but  it  is  usually  stated  to  amount  to  60  to  80  e.c.    If 
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these  figures  are  correct  it  evidently  does  not  form  a  thick  envelope 
to  the  nervous  system.  Under  abnormal  conditions  (hydroceph- 
alus, etc.)  the  quantity  may  be  greatly  increased.  It  is  physio 
logically  interesting  to  find  that  this  liquid  may  be  formed  very 
promptly  from  the  blood  and,  when  in  excess,  be  al^sorlied  quickly 
by  the  blood.  In  fractures  of  the  ba.se  of  the  skull,  for  instance, 
the  liquid  hixs  been  observed  to  drain  off  steadily  at  the  rat«  of  2(KJ 
c.c.  or  more  per  day.  On  the  other  hand,  when  one  injects  physio- 
logical Kilinc  into  the  subarachnoidal  space  under  some  pressure  it 
is  absorbed  with  surprising  rapidity.  After  death,  also,  the  licjuid 
present  in  the  subarachnoidal  space  is  soon  aljsorl)ed. 

Intracranial  Pressure. — By  intracranial  pressure  is  meant  the 
pressure  in  the  space  between  the  skull  and  the  brain, — therefore 
the  pressure  in  the  subarachnoidal  litiuid  and  presimmbly  also  the 
pressure  in  the  ventricles  of  the  brain,  since  the  two  spaces  are  in 
communication.  This  pressure  may  be  measuretl  by  l>oring  a  hole 
through  the  skull,  dividing  the  dura,  and  connecting  the  under- 
lying space  with  a  manometer.  Observers  who  have  measured  this 
pressure  state  that  it  is  always  the  same  as  the  venous  pressure 
within  the  sinuses.  This  we  can  untlerstand  when  we  remember 
the  close  relations  between  the  subarachnoidal  liquid  and  the  large 
veins  and  sinuses.  We  may  consider  that  the  large  veins  are  sur- 
rounded by  the  cerebrospinal  litjuid,  and  consequently  an  equiiih- 
rium  of  pressure  must  be  establi.shed  between  them;  any  rise  in 
intracranial  pressure  raises  venous  jiressure  by  compression  of  tl 
veins.  Tlus  statement  hold.s  true  at  least  so  far  as  the  intracmiial 
pressure  is  due  to  the  circulation.  The  intracranial  preasurr  i« 
caused  and  controlled  normally  by  the  pressure  within  the  arteries 
and  capiHaricjs.  Thi.s  pressure,  by  enlarging  the.sc  vessels,  tends  to 
expanil  the  brain  against  the  .skull,  and  exercises  a  pressure,  there- 
fore, upon  the  intervening  cerebrospinal  liquid.  This  pressure, 
however,  cannot  exceed  that  in  the  veins,  since,  as  said,  an  execs* 
will  be  equalize<l  by  a  corresponding  compression  of  the  veins. 
The  venous  pn'.s.><ure  in  the  otid  determines,  therefore,  th«'  actual 
amount  of  intracranial  pressure.  Conditions  which  alter  tbe_ 
pre-Hsure  in  the  cerebral  veins  affect  the  intracranial  pr 
corri'sjxMnlingly.  Thus,  com|)rcssion  of  the  veins  of  the  nr 
raises  the  pressure  in  the  cerebral  veins  and  also  intracranial  prt*- 
sure,  and  a  higher  general  arterial  pressure  als*>  result.s  h  i 

higher  prcssun*  in  the  cerebral   veins  and  therefore  in 
arachnoidal  space.    Under  pathological  conditions,  such  a.H  tumofH, 
ahscessca,  exct's.sive  formation  of  cerebrospinal  liquid,  et-c.,  wi^  -.-•- 
leatl  t<i  a  general  compression  of  the  l)rain,  intracranial  pn  • 
may  be  incn'ti-Hed  beyond  normal  limits.     Kxjx'rimental  invr 
tioiw  •show  that  so  lonn  as  llu'  intracranial  pressure  remains  ' 
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ving  the  brain  the  circulation  through 
the  brain  is  not  markedly  affectorl.  If,  liowever,  the  intracranial 
pressure  rises  above  general  arterial  pressure  the  flow  through  the 
substance  of  the  brain  is  prevented  and  a  condition  of  anemia  re- 
sults which  would  preKunuiljiy  cause  unconsciousncivs.  In  anesthet- 
ized animals  submitted  to  such  a  condition  it  has  I>een  shown  that 
a  coni|M'nsation  takes  place  ;  the  anemic  condition  of  the  me- 
dulla stimulates  the  eardio-inhibitory  center,  causing  a  slower 
heart-beat;  at  the  same  time 
it  stimulates  also  the  vaso- 
motor center,  causing  a  general 
vasoconstriction  in  the  rest  of 
the  body,  the  result  of  which 
is  to  raise  the  arterial  pressure 
au<l  reestablish  the  cranial  cir- 
culation (Gushing).* 

Reduced  to  hs  simplest  fnrm, 
the  normal  conditions  may  ho  rej*- 
rcscnted  by  a  schema  such  as  ia 
given  in  Fig.  261.  A  system  with 
anartfrr>',  capillar^'  area,  and  a  v»?in 
Is  represented  aa  inolosod  in  a  rij^id 
box  and  surrnunded  by  un  inrom- 
prwsible  liquid.  ArcordinK  to  the 
ooDihtiona  prevailing  in  Ihf  bddy, 
•  h<r  pressure  in  the  intr^rtor  of  A  fuul 
ita  branches  is  much  higher  than  in 
V.  If,  now,  the  pr(w.sure  in  A  is  in- 
creased the  greater  pres.s»re  bnuinht 
t£»  boar  on  the  wall.-^  will  tr-nd  In 
expaxid  thcni;  a  iireatcT  prfssure 
will  thereby  be  cumtuutiicatcd  to 
the  outjride  liquid,  which,  in  turn, 
will  compress  tlip  vfin.s  rorrr-.sjionrl- 
ingly.  The  expansion  on  tin-  arte- 
rial side  is  made  possil>lo  by  a 
oorresponding  diminution  on  the 
▼enoiu  side  whore  the  intirnal 
pceesore  is  least. 


V 

F%.  201. — Schema  to  represent  the 
transmission  of  Brti>riul  preaHure  through 
t)io  brain  subRtunce  lo  tho  veins:  A.  Thr 
artery,  I',  tlie  vein,  rcpi'eaentod  as  enteriliK 
into  aii'l  eiucirein^  from  a  box  with  n^|ia 
walU  mil]  fiUcxf  with  incoinprvsiiible  liquid; 
c,  e,  the  iiiterv<<niiiK  arm  of  small  arte- 
ries, etc.  An  ex|>au>uun  of  the  walls  of 
tba  art«rial  aystoro  by  the  pulae  wave  or  by 
a  riae  of  artcriiil  pncsvsune  iuL-reiuieii  the  pres- 
sure on  the  RUrnHiiiiliii);  liquid  and  tius  ia 
transniitled  through  tho  liquid  to  the  walls 
of  the  veins  and  coinpre«<e»<  them,  idnce  at 
this  p<-iint  of  the  circuit  the  intruvaAculAr 
preitnure  i»  low. 


The  recorded  mea.su reinents  of  the  intracranial  pressure  show 
that  it  may  vary  from  50  to  tiO  mms.  of  mercury,  obtained  dur- 
ing the  great  rise  of  pressure  following  strychnin  poisoning,  to  zero 
or  loss,  as  obtained  by  Hillf  from  a  man  while  in  the  erect  pos- 
ture. In  thi."  position  the  negative  influence  of  pravity  is  at  its 
maximum. 

The  Effect  of  Variations  in  Arterial  Presstire  upon  the  Blood- 

•  CushinK,  ".Amnrican  .Journal  of  the  Mediral  Srienc<"8,"  1902  and  11)03. 
and  niao  Evster,  Burrows  and  Ms.sii'k,  ".foiimal  of  Blxperimcntal  Medicine, 
11    489    UMK>. 

'  t  Baylias  and  Hill.  "  Journal  of  Physiology,"  18,  356,  1895. 
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flow  through  the  Brain. — Quit€  a  number  of  observers*  have  proved 
exi)enmcntally  iSiat  a  rise  of  general  pres.sure  is  followed  not  only 
by  an  increase  in  the  intracranial  tension,  hut  also  by  an  increased 
blood-flow  through  the  brain.     There  has  lieen  inurh  di.scussion»8 
to  whether  a  rise  of  arterial  pressure  in  the  basilar  arteries  can  cause 
any  actual  increiuse  in  the  amount  of  blood  in  the  brain  or  whether 
it  expresses  itself  solely  or  mainly  as  an  increased  amount  of  flow. 
In  the  other  organs  of  the  body,  except  perh»ps  the  bones,  a  general 
rise  of  pressure,  not  accom[}anied  l>y  a  constriction  of  the  organ's 
own  arteries,  causes  a  dilatation  or  congestion  of  the  organ  t/)Rether 
with   an   increased  blood-flow.     Physiologically   the  congestion— 
that  is,  the  increased  capacity  of  the  vessels — is  of  no  value;  the 
important  thing  is  the  increase  in  the  quantity  of  blood  flowing 
through.     In  the  brain,  owing  to  the  [>eculiaiities  of  its  positioti, 
it  has  lieen  suggested  that  perhaps  no  actual  increase  in  size  *-^ 
possible.     It  is  evident,  however,  that  the  existence  of  the  liqu*^^ 
in   the  subarachnoidal  space  makes  po.ssible  some  actual  expa^' 
sion  of  the  organ.     For  as  the  pressure  upon  this  liquid  increases    '^^ 
may  be  driven  into  the  dural  sac  of  the  cord  (Fig.  258)  and  along  t^''* 
sheaths  of  the  cranial  and  spinal  nerves.    To  what  extent  this 
actually  p4>ssible  in  man  we  do  not  know,  nor  do  we  know  how  mui 
cerebrospinal  liriiiad  is  contjiinetl  in  the  skull  and  brain  of  man.     J 
the  dog  Hillj  fintis  ex[>erimentally  that  the  brain  can  expand  oa^^^^ 
by  an  amount  equal  to  2  or  3  c.c.  without  causing  a  rise  of  intr^^*' 
cranial  tenision ;  so  that  probably  these  figures  represent  the  amout^:^* 
of  expansion  possible  in  this  animal  by  simple  squeezing  out  of  i^:^:^^^^^ 
cerebrospinal  liquid.     If  the  rise  of  arterial  pressure  is  such  as  t^:^^*^ 
expand  the  brain  beyond  this  point,  then  it  may  not  only  fonr==^^® 
out  cerebrospinal  litjuid,  if  any  remains,  but,  as  explained  in  th  -^*, 
lost  paragraph,  it  will  compress  the  veins  and  raise  intracrania^^^ 
pressure.    To  the  extent  that  the  veins  are  compressed  as  the  ar"    "' 
teries  expand  no  actual  increase  in  the  size  or  blootl-ca parity  of  th^^^ 

brain  takes  place.     That  an  expansion  of  the  brain  arteries  com— 

presses  the  veins  is  indicated  ver>'  clearly  by  the  nitmud  occurrenc^^^ 
of  a  venous  pulse  in  this  organ.     The  blood  flows  nut  of  the  veins  o^^ 
the  brain  in  pulses  synchronous  with  the  arterial  pulses,  and  thi* 
venous  pulse  may  be  reconled  oxsily  as  shown  in  Fig.  2f>2.      In  thi^" 
case  the  sudden  expansion  cif  the  arteries  compresses  the  cerebral 
veins,  giving  a  synchronous  rise  of  j)re8sure  in  the  interior  of  th© 
sinuses.     Some  authors  (Geigel,  CJrashey),  on  purely  theoretical 

*  .See'Giirtncr  and  Wagnpr,  "  Weiner  med.  WorhetiBohrifl,"  18S7;  de  Boeck 
and  Verliorgen,  "Joiirnal  de  Mddeciue,  etc.,"  Brustst'ls;  Roy  and  Shprrinffton, 
"Journal  of  Phvsiolo^o'."  1 1,  ^"j,  IHW;  Rtincr  anrj  .Schnitiler,  "  .-Vrrhiv  f  exp. 
Pathol,  u.  Pharmakol.,  '  38,  249,  1S37. 

t  Hill,  "The  Physiology  ai^jJ  Puthology  of  the  Co^bral  Cireulatkn," 
London.  l.S%. 
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>und9,  have  hohl  that  this  compression  of  tht*  veins  in  cases  of  an 
►  extensive   rise   in   arterial    pressure   may   result   in   a  diminishetl 
blocMl-flow   through   the   orRan, — a  sort   of   self-strangulation   of 
^■its  own  circulation.     Actual  experiment  shows  that  this  in  not  the 
^■case.     Any  ordinary  rise  of  general  arterial  pre,s.sure  is  aerompanied 
^■by  a  greater  Ijlocid-flow  through  the  brainj  so  long  as  the  arterial 
^Kprcssure  renaains  above  intraerantal  pressure.     Whether  the  brain 
^Kncreases  in  volume  as  a  result  of  a  rise  of  arterial  pressure  is,  on  the 
^^physiological  side,  uniniportant;  the  main  point  is  that  the  amount 
of  blood  flowing  through  it  is  increased  under  such  circumstances  as 
would  CAUse  a  like  result  in  other  organs.     Thai  the  compression  of 
the  veins  does  not  produce  any  sensible  obstruction  to  the  blood- 
flow  may  be  understood  easily.    In  the  first  place,  this  compression 
does  not  take  place  at  the  narrow  exit  from  the  skull, — since  at  that 
point  the  sinuses  are  protected  from  the  at-tion  of  intracranial  press- 
^Bure.    The  compression  takes  place  doubtless  upon  the  cerebral  veins 


Ki«.  262 — ^SimulUiuNiiu  reoorrj  of  pulse  in  the  arela  nf  Willis  (e')  knd  in  the  toreu- 
kr    Hpropliili   (t).      The  traciiig  from   the  circle  (if  WilJln  was  obtauted  by  means  of    a 
"Qrthle  manometer  connected  with  the  hennl  4«nd  of  the  mtenial  carotid.     It  will  he  noted 
it  the  pulaM  are  Minullaneoii.x,  imlirutinj;  (hat  the  venous  pulw  ia  due  to  the  tra.aamia- 
tM  artarial  pulse  throuith  the  brmu  »ub«t«utM. 


emptying  into  the  sinuses,  and  at  this  point  the  venous  bed, 
iken  as  a  whole,  is  so  large  that  the  expansion  due  to  an 
ordinary  rise  of  arterial  pressure  is  distributed  and  has  but  little 
feet  on  the  volume  of  the  flow.  Secondly,  ver>'  grejit  increases  in 
il  pressure,  up  to  the  point  of  rupture  of  the  walls,  have  less 
eCTect  in  actually  exfmnding  the  arteries;  a  [joint  i.s  reached 
eventually  at  wlijch  these  tubes  t)ec()jne  practically  rigid,  so  that 
farther  ex{jaiision  is  impossible.  'J'his,  of  course,  is  tnie  for  every 
oi^an. 

The  Regulation  of  the  Brain  Circulation. — It  Is  still  a  matter 
of  uncertainty  whether  the  arteries  of  the  liniin  jiossess  vjisomotor 
nerves.  Most  of  the  authors  who  Iiave  studied  the  matter  exi:>eri- 
mentjilly  have  concluded  that  there  are  none.*  These  authors  were 
unable  to  show  that  stimulation  of  any  of  the  nen'e  paths  that 
might  innervate  the  brain  vessels  causes  local  effects  upon  the  brain 

•See  Roy  ami  ."^hcrrinirton,  Bayliss  and  Hill,  Hill,  CaerlruT  luid  WaRner, 
.  cit.,  and  Hill  aud  MacLeod,  "Journal  of  l'hyKiulog>-,"  26,  1394,  1[H)1. 
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circulation.    Whenever  such  stimulations  caused  a  change  in  pre»- 
sure  or  amountof  flow  in  thebrain  the  resultwas  referable  to  an  alte^ 
ation  of  general  arterial  pre.ssure  produced  by  a  vasomotor  chaiige 
elsewhere  in  the  body.     When  as  a  result  of  such  stimulation  the 
pressure  rises  in  the  circle  of  Willis,  one  may  infer  that  if  this  is  due 
to  a  local  constriction  in  the  cerebral  arterioles  there  should  be  & 
fall  of  pressure  in  the  venous  sinuses  and  a  dimini.shed  flow  of  blood; 
if,  on  the  contrary,  it  is  due  to  a  constriction  elsewhere  in  the  body 
that  has  increased  general  arterial  pressure,  but  has  not  constricl<iI 
the  brain  circuit,  then  there  Khoulrl  l>e  a  rise  in  venous  pressure  and 
intracranial  pressure,  together  with  a  greater  flow  of  blood  through 
the  brain.     Most  observers  obtain  this  latter  result.    Some  inve&- 
ti^ators,    Hiirthle,    Francois-Franck,  and    others,*  on    the  other 
hand,  have  oJjtaincd  result*;,   csfMH-ially  from  stimulation  of  the 
cervical  .sympathetic,  vvliich  indicated  local  vasoconstriction  or  vaso- 
dilatation in  the  brain.     So  far  as  the  exi>erimental  results  for  or 
against  vasomotors  are  based  uiK>n  a  determination  of  the  amount 
of  flow  throuRh  the  brain  or  upon  measurements  of  pressure  within 
the  circle  of  Willi.s,  it  has  In-en  shown  that  an  undetennincd  fac- 
tor is   involved  which  makes  such  observations  unsatisfadof)'. 
It  has  been  shown  f  in  experiments  upon  dogs  that  when  the  intra- 
cranial pressure  is  raised  so  high  as  to  obliterate?  the  circulation 
through  thebrain  substance  itself  an  abundant  circulation  may  l)e 
maintained  through  the  skull  by  perfusion  into  the  internal  carotid 
— that  is  to  say,  there  are  paths  between  the  circle  of  Willis  and  the 
emergent  veins  other  than  the  capillary  circulation  through  the 
brain  substance.     One  such  i)ath  is  furnished  by  an  anastomosis 
at  the  base  of  the  skull  between  the  circle  (through  the  internal 
carotid)  and  the  ophthalmic  branch  of  the  interaal  maxillarj'  artery. 
It  might,  therefore,  very  well  happen  tliat  the  circulation  in  thebrain 
substance  may  be  changcMl  without  materially  affecting  the  amount 
of  blood-flow  from  the  brain,  owing  to  the  fact  that  these  other 
paths  are  open.     Weber,  who  used  the  plethysmographic  method 
of  mea.suring  the  volume  of  the  brain,  states  positively  that  stimu- 
lation of  the  cervical  symimthetics,  of  the  cortical  surface,  and  of 
variou-s  .Hcnsory  nerves  gives   in   animals  such  changes  in  I'rain 
volume  as  can  only'bo  interpreted  by  the  assumption  that  the  brain 
vessels  possess  both  vasoconstrictor  and  vasodilator  nerve-filiers. 
Since  these  reactions  can  be  obtained  reflexly  after  destruction  of 
the  general  vasomotor  center  in  the  medulla,  he  is  forced  to  assume 
a  special  vasomotor  center  for  the  brain  lying  further  forward  than 

•  HQrthle,  "  Arehiv  f.  die  fcesammte  Physiologie,"  44,  574,  1889;  Francoi*- 
Franck,  "Archives  do  physiol.  normale  et  palhologiquc,"  1890;  W«)cr, 
"Arehiv  f.  Ph\'siologie,"  190S,  4.57. 

t  Eyster,  burrows,  &nd  Easick,  "Journal  of  Elxp.  Medicine,"  ii,  489,  1909. 
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medulla,  u  cuaclusiua  wliicli  is  not  Piitirt'ly  satisfat'tury.     An 
ament  of  a  different  kind  in  favor  of  vasomotor  fH>ers  lias  boon 
litted  by  Wiggers.*     In  experiuients  matle  upon  an  isolated 
tin  (in  the  skull)  perfusi'd  with  an  artificial  circulation,  he  states 
it  a<ldition  of  adrenalin  euuseil  a  diminution  in  the  outflow  from 
org»ii,  thus  showing  that  the  adrenalin  had  caused  a  ronstric- 
on  somewhere  in  the  eireuit.     If,  as  some  uuthorj^  believe,  adren- 
alin lu-Xs  only  on  plain  musele  that  is  innervated  by  sympathetic 
m'r\e-fibers.  this  result  furnishes  indirect  evidence  for  the  existence 
of  »u('h  filn-rs  in  the  ease  of  the  brain  vessels.      Using  the  same 
method,   this   author   states    that  electrical    stimulatitm    applied 
flirwtly  to  the  sheath  of  the  internal  carotid  at  its  entranee  into 
the  skull  also  causes  a  decrease  in  the  outflow,  a  fact  which  would 
indicate  the  existence  of  constrictor  fiV>ers  running  in  the  sheath 
of  thisarters".     On  the  whole,  it  will  be  se«'n  that  the  evidence  for 
^^p  existence  of  a  vasomotor  regulation  of  the  brain  circulation  is 
"ot  conclusive.     If  vasomotors  are  present  it  is  |Mj.ssible  tliat  they 
"^y  serve  to  control  the  distribution  of  blood  within  the  cerebral 
^^H,  while  the  general  supply  to  the  brain  as  a  whole  is  increased  or 
'•'erease<l  by  a  niechanisTn  t<f  anutluT  sort  descrilied  by  Roy  and 
''^irington.      According  to  these  authors  the  blood-flow  through 
'^  brain  is  controlled  indirectly  by  vasomotor  effects  upon  the  rest 
the    Ixxly.     When,    for    example,    a    vasctconstrictioii    occurs 
the  skin  or  the  splanchnic  area  the  result  is  a  rise  of  pressure 
the  aorta,  and,  therefore,  a  rise  of  ])ressure  in  the  circle  of  Willis, 
hich  then  forces  more  blood  through  the  brain.     Adopting  this 
H'w.  wp  can  understand  thi-  tetfolojty  of  certain  well-known  va.s(H 

feetiexe8.  Stimulation  of  the  skin  generally  causes  a  reflex 
tion  and  rise  of  pressure,  and  one  can  well  understanil  that 
ult  is  valuable  if  it  means  a  greater  flow  of  blood  through 
ie  brain,  since  under  the  conditions  of  nature  such  stimulation, 
Decially  when  painful,  demamJs  alertness  and  increased  activity 
I  the  part  of  the  animal.  Attention  luks  also  been  called  to  the 
that  in  plethyatnogniphic  observations  on  man  the  moat 
and  extensive  constrictions  f»f  the  skin  vessels  are  those 
by  increase<l  mental  activity.  .Mosso  has  shown  by  nbserva- 
1  upon  men  with  trephine  hriles  in  the  skull  that  the  constriction 
^the  limbs  is  always  aeconijianied  liy  a  dilatation  of  the  brain, 
fact,  therefore,  tit,s  exactly  the  view  that  is  lieing  considered. 
he  peripheral  constriction,  by  raising  general  lihwid-pressure.  dilates 
le  brain  more  or  less,  and.  what  is  more  iniix>rtant,  drives  more 
jpod  tlut>ugh   it.     It   is   difficult   to   understand   why   psychical 

'Wiggers,   "American  Journ.ti  of  Ph^'aiologj',"   IWi'i,   14,  4.'i2;  luid  21, 
4,  1«06. 
4n 


Digitized  by 


1 

Google 


CTHCULATION   OF    BLOOD    AND    LYMPH. 

activity  is  always  associatL-d  in  this  way  with  a  peripheral  con- 
striction unless  the  object  of  the  reflex  is  to  increase  the  blood- 
supply  to  the  brain.  Even  if  vasomotor  fil)ers  are  sul)seqiienUy 
shown  to  be  present  in  the  brain,  the  importance  of  this  reflex  in 
providing  a  greater  flow  to  the  central  organ  at  the  time  that  it  is 
in  activity  may  still  be  admitted.  A  general  irrigation,  so  to  speak, 
is  providetl  for  by  this  means.  Loral  vasdinotors  may  be  usedio 
divert  thi.s  flow  mainly  through  one  or  another  cerebral  area. 

Vasomotor  Nerves  of  the  Head   RegioD. — The  vasomotor 
supply  of  the  various  parts  of  the  head,  including  the  mouth  cavity, 
has  been  investigated  by  many  observers.     It  would  appear  from 
the  results  of  most  of  these  investigations  that  the  vasoconstrictor 
supply  for  the  skin,  inchiding  the  ears,  the  eye,  the  mouth,  and 
buccal  glands,  is  derived  mainly,  if  not  entirely,  from  the  3>inp«i- 
thetic  nervous  system.    These  fibers  arise  from  the  spinal  cord  in  the 
upper  thoracic  nerves,  first  tu  the  fifth  or  sixth,  emerge  by  the  rami 
commimicantes  to  the  symjiatlietic  chain,  in  which  tlie>'  pass  upward 
and  end,  for  the  most  pjart,  in  the  superior  cervical  ganglion.    Irom 
this  ganglion  the)'  are  distributed,  by  various  routes,  as  poetgsn- 
glionic  fibers,     in  one  interesting  instance  the  constrictor  fibers 
for  the  head  were  sujiposed  to  take  a  somewhat  different  course. 
It  was  shown  by  iSchiff,  long  ago.  that  in  the  rabbit  the  ear  receives 
vasomotor  filjers  from  the  aurirularis  magnus  nerve,  a  branch  of  ibc? 
third  cervical  nerve.     Later  investigations  indicate  (Meltzer)  that,- 
the  ear,  in  fact,  receive*  most  of  its  %asoconstrictor  fibers  by  thu^ 
mute.     Fletiher,  hoi^ever,  has  shown  that  these  fil>ers  do  not  emerg^*^ 
from  the  brain  in  the  root.s  of  the  third  cervical,  but  rather  in  thi 
general  outflow  from  the  thoracic  region.     After  reaching  the  sj'tn— 
pathetic  chain  these  particular  fil)ers  pass  to  the  third  cervical  by 
the  gray  rami  from  the  first  thoracic  ganglion,  which  communicate 
with  a  numlier  of  the  cerviral  nerves.     (Hi   the  other  hand,  the 
vasodilator  fibers  for  the  head  are  supplied  in  part  by  way  of  the 
cervical  s>Tnpathetic.  following  the  same  general  path  as  the  con- 
strictors, and  in  part  by  way  of  the  cranial  nerves  (seventh,  ninth) 
and  the  sympathetic  ganglia  with  which  they  connect.     According 
to  Langley,  the  outflow  of  the  seventh  nerve  passes  to  the  spheno- 
palatine ganglion,  whence  as  postganglionic  fillers  they  accompany 
the  branches  of  the  superior  maxillary  nerve  and  cause  vaso<lila- 
tation  in  the  memlirane  of  the  nose,  soft  palate,  tonsils,  u\ijla,  roof 
of  mouth,  upper  U]is,  Kum.'i,  and  phar>-nx.     The  well-known  tlilators 
of  the  submaxillary  and  i^idilingual  glands  are  contained  in  the 
chorda  tympani  branch  of  the  seventh  nerve;  the  preganglionic 
fillers  terminate  probably  in  the  small  peripheral  ganglia  connected 
with  thei«  glunils.     The  fibers  that  emerge  in  the  nuith  pjiss  in 
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part  directly  to  tho  tongue  and  in  part  tcnninate  first  in  the  otic 
ganglion,  whence  they  are  distributed  with  the  brant-hea  of  the 
inferior  maxillary  to  the  lower  lips,  cheeks,  gums,  and  parotid  und 
orbital  glands.  '  Dastre  and  Morat  describe  the  vasodiltttnrs!  hi  the 
cervical  sympathetic  as  reaching  the  fifth  cranial  nerve  In'  com- 
municating branches  from  the  superior  cervical  ganglion  and  state 
that  they  cause  dilatation  of  the  bucco-facial  region. — that  is, 
the   lips,  the  gums,  cheeks,  palate,  nasal  mucous  membrane,  and 

r  corresponding   t^kln  areas. 
The  Trunk  and  the  Limbs.^The  vasoconstrictor  fibers  for 
these  regions  are  distributed,  so  far  as  is  known,  chiefly  to  the  skin. 

Pey  are  all  derived  immediately  from  the  sympathetic  chain  and 
imately  from  the  outflow  in  the  anterior  roots  of  the  thoracic 
and  lumbar  spinal  nerves.  Those  for  the  up{>er  limbs  arise  from 
the  midthoraric  region  chiefly  (fourth  to  ninth  thoracic  nervei^), 
those  for  the  lower  limbs  arise  in  the  nerves  of  the  lower  thoracic 
and  upper  lumbar  region  (eleventh,  twelfth,  thirteenth  thoracic 
[dog]  an<l  first  and  second  lumbar).  The  vasodilator  fibers  in  the 
res  of  the  limbs  have  been  demonstrated  frequently,  as  already 
)laine<.l.  Whether  or  not  these  libers  also  pass  through  the 
ipathetic  .sj'.stem,  following  the  same  general  course  !i.s  the 
constrictors,  has  not  l>een  showTi  conclusively.  The  most 
definite  work  at  present  (Buyliss)  indicates  that  the  vasodilator 
effect  is  dire<'tly  caused  in  some  unknown  way  by  fillers  found 
in  the  posterior  roots  of  the  nerves  forming  the  braclnal  and  tiie 
■Btic  plexus.  The  imsatisfactor>'  explanations  offered  for  this 
Kult  have  Vioen  referred  to  (p.  611). 

P  The  Abdominal  Organs. ^The  stomach  and  intestines  receive 
their  moat  impi>rtant  supply  of  vasoconstrictor  fibers  by  way  of  the 
splanchnic  nerN'e"?  and  celiac  ganglion.  These  fibere  emei^e  from 
the  cord  in  the  lower  thoracic  spinal  nerves,  from  the  fifth  down, 
and  the  ui>per  Iiunbar  nerves,  and  they  supply  the  whole  mesenteric 
circulation  as  far  as  the  descending  colon.  .According  to  some 
^servers  ( Fran9ois-Fra[ick  and  Hallion),  the  mesenteric  vessels 
j^oeive  a  supply  of  va.sodilator  fiibers  by  the  same  general  route,  antl 
it  is  also  stated  that  similar  fibers  reach  this  region  through  the  vagua 
nerve.  Concerning  this  latter  statement  at  least  further  con- 
firmation is  necessarv'.  The  pancreas  has  been  shown  to  receive 
fcsoconstrictor  fibers  by  way  of  the  splanchnics.  and  the  kidney, 
Rcording  to  Bradford,  receives  vasodilator  as  well  as  va.socon- 
striet^>r  fillers  from  the  same  nerve.  M<Kst  of  the  vasrjniotor  fibers  to 
the  kidney  of  the  dog  emerge  from  the  cord  in  the  roots  of  the 
jventh.  twelfth,  and  thirteenth  thoracic  nerves,  and  those  for  the 
*r  (Francois-Franck  and  HfiUion)  come  from  about  the  same 
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ri'giota.  The  va-scM*onstrictors  to  \hv  splorn  are  said  to  leave  the 
spinal  eonl  i-hieHy  in  the  anterior  roots  of  the  sixth,  seventh,  and 
eighth  thonunc  nerves. 

The  Genital  Organs. — Both  vasocouatrictor  and  vasodiktor 
fibers  have  been  discovered  for  the  external  genital  organs  (penis, 
scrotum,  clitoris,  vulva).  The  vsisoconstrietors  arise  in  the  dog 
from  the  thirteenth  thoracic  t^  the  fourth  lumliar  nerves,  pass  over 
to  the  sympathetic  chain,  and  thence  reach  the  organs  either  l»y 
way  of  tlie  h>'|K>gastric  nerve  ami  i)elvic  plexus  or  by  way  of  the 
sacral  synifiathetic  ganglia  anti  their  branehes  to  the  pudic  ner^'es. 
The  va.so<liiator  fillers  arise  from  the  sacral  spinal  nerve,  being  the 
beet  known  of  the  sacral  autonomic  system.  They  enter  the  ner- 
vits  erigens  antl  thence  reach  the  organs  by  way  of  the  pelvic 
plexus.  The  esi>ecial  imiwrtance  of  these  fil>ers  in  the  process  of 
erection  is  described  in  the  sw^tion  on  the  physiology'  of  the  re{)P>- 
ductive  organs.  I'he  internal  genital  organs — uterus,  vagina, 
vas  deferens,  seminal  vesicles,  etc. — receive  no  vasomotor  fil)ere 
from  the  .sacral  autonomic  system, — that  is,  from  the  oervi  erigentea' 
— Init  do  receive  a  supply  of  constrictor  fibers  from  the  sympathetic 
system.  These  latter  fibers  emerge  from  the  cord  in  the  roots  of 
the  \ipper  lumbar  nerves  and  reach  the  orgaiis  by  way  of  the  in- 
ferior meseiitHric  ganglion  and  hyjxtgji-stric  nerve.* 

Vasomotor  Supply  of  the  Skeletal  Muscles. — (Jaakellt  «•" 
pecially  lias  given  evidence  of  the  existence  of  vasomotor  fibers  in 
the  muscleii.  He  concludes,  as  the  result  of  his  work,  that  the  blood- 
vessels of  the  muscle.s  receive  both  vasoconstrictor  and  vasmlilatof 
fil>ers.  but  that  the  latter  greatly  predominate, — at  least,  their 
physiological  effect  is  much  more  evident  in  experimental  work. 
As  proof  of  the  presence  of  tlilator  fibers  he  gives  such  residts  as 
these:  The  mylohyoid  mviscle  of  the  frog  i-s  Ihui  enough  to  be 
iihscrvcd  directly  under  the  microscope.  When  curarized  and 
atinuilated  through  it,*?  motor  nerve  the  small  vessels  may  be  seen 
to  dilate  ami  there  is  an  augmented  flow  of  blooiL  In  a  dog  section 
of  the  motor  nerve  to  a  muscle  is  followed  by  a  greatly  increased 
flow  of  blood,  which,  however,  is  only  temix)rar>-  and  is  referable  to 
a  mechanical  stimulation  of  the  dilator  fibers.  Direct  stinuilatioa 
of  the  .severed  nerve  causes  an  iiu^reasod  flow  of  Jilood  through  the 
muscles,  but  if  the  muscles  are  first  completely  curarized  stinudation 
causes,  on  the  contrary,  a  decreaseii  flow.  This  last  result  is  ex- 
plaineil  on  the  su])]x)sition  that  curare  paralyzes  the  endings  of  the 
dilator  fihei-s  and  thus  allows  the  eflFects  of  the  constrictors  to  mani- 
ffst   themselves.     Since,   lnjwi'ver,   iii»yli&4  has  given  evidence  to 

♦  l-iir  tlip  tiitiliojirnntiy  of  tin'  va.>«Dtiiolor  supi>ly  to  the  various  oif^ans  «* 
X^antfli'v,  "  l'>Ki'liijis»c  dfr  PlivsiolnRie."  vol.  ii..  part  ii..  p.  820,  1903. 
t(;ask.-ll,     .foiimsil  of  IMiysiology,"  I,2ti2.  1878-79, 
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show  (p.  611)  that  tho  <lilator  effect  in  the  limbs  is  due  to  the  anti- 
dromic action  of  afferent  fibers,  it  is  evi«ient  th:it  this  import  tint 
question  needs  reinvest ij^ation.  Viirious  physiolo^i-sts  huve  shown 
that  muscular  activity  ii?  acfompanied  by  an  iiifivasc  in  (he  blood- 
flow  through  the  muscle,  as  we  should  expect,  but  it  remuins  uncer- 
tjiin  whether  this  result  is  brought  about  solely  by  an  increased 
activity  of  the  heart  or  by  the  combined  effcrt.  of  viusodilalutton  and 
increase  in  heart-work.  Kaiifnuiun  *  takes  this  latter  view  in  con- 
sequence of  some  interesting  results  nbtainetl  upon  horse."^.  He 
measured  the  blood-8o\v  througli  the  inasseter  muscle  and  the 
elevator  of  the  lip  in  a  horse  in  which  the  muscles  were  exercised 
nonnally  by  the  act  of  eating.  The  blood-flow  wiis  increased  as 
much  as  five  times  over  that  ob.servod  during  rest,  and  that  this 
increase  was  due  in  part,  at  least  to  a  local  dilatation  .seems  to  be 
proved  by  the  fact  that  the  l>loo(^l-j>ressitrc  in  the  artery  supplying 
the  muscle  fell,  while  that  in  the  vein  rose.  While,  therefore,  our 
experimental  knowledge  of  the  \asomotors  of  the  iinisdes  needs 
further  investigation,  we  may  provisicmally  accej)t  the  view  ad- 
vocated by  Gaskell, — namely,  that  the  vasomotor  supply  to  the 
muscles  consists  essentially  of  dilator  fibers  ami  that  these  fibers 
.ire  brought  into  action  reflexly  whenever  the  imiwles  contract, 
thus  providing  an  increased  blooti-flow  in  jtroportion  tt»  the  fiuic- 
tional  activity.  It  should  be  adtled  thai  the  local  ditutalion  in 
the  muscles  during  activity  may  Ix;  due  also  to  the  chemical  action 
of  the  (acitl)  metabolic  protiucts  on  the  blood-vessels  (p.  612). 

The  Vasomotor  Nerves  to  the  Veins. —  It  is  a.ssumcd  in  physi- 
ology that  the  va.s<)('oristri<'t<>rs  and  va.sodilators  end  in  the  niusnda- 
tui-e  of  the  smail  aiieries.  Tlie  veins  also  have  a  nniscular  coat, 
and  it  is  possible  that  if  this  musculature  were  innervateil  from 
the  central  nervous  system  we  should  have  anotlier  efficicnl  factor 
in  contn»lling  the  blood-fiow.  Mall  has  given  veiT  clear  pixiof  that 
the  portal  vein  receives  va-soconstrictor  fibers  from  the  splanchnic 
uerve,t  but  this  supply  may  be  exceptional,  as  the  portal  system 
itself  is  imique.  The  portal  vein,  indeeci,  plays  the  r61e  physiolog- 
^ically  of  an  artery  in  regard  to  the  liver.  Hoy  and  Slicrrington  J 
^jK'e  some  evidence  for  tlie  cxi.stence  of  venomotor  nerves  to  thi- 
large  veins  of  the  nerk,  an<i  Thompson,  as  also  Jiancroft,§  reports 
experiments  in  which  it  was  found  that  stinnilation  of  the  sciatic 
u«Tve  caused  a  visible  constriction  of  the  sujK'rficiaJ  veins  of  the 
liind  limbs.  The  whole  subjet-t,  however,  of  venomotor  nerves 
been  but  little  inve-stigatcff,  and  at  present  little  or  no  use 


t. 


Kaufmann,  "Archives  i]c  phymoloKic  normal*'  <M   [mlhologitine,"  1892, 
pp.  279  and  49.5. 

t  Mall.  "Archiv  f.  Phy.«io!ogii-."  n.  409,  1K92. 
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is  made  of  this  possible  system  in  explaining  the  facts  of  flic 
circulation,  lUthuugh  it  is  very  eviilent  that  if  sucli  a  system 
exists,  contrulliug  the  tunicity  of  the  veins,  it  must  exert  a 
very  important  influence  in  regulating  the  supply  of  blood  to  tl* 
heart.* 

THE  CIRCULATION  OF  THE  LYMPH. 

The  direction  of  flow  t>f  tho  lympli  is  frcmi  iIh-  tissues  toward  the  Urge 
lympliatic  trunks,  the  tliuracir  and  the  ri^lit  lynipliatic  duet.     The  flow  i* 
maintained  in  thin  dircrtiou  nuiinly  by  a  difference  hi  pressure  at  the  twocndA. 
At  the  opening  of  the  large  Irnnk.s  intu  the  jugular  veins  the  pressure  is  very 
low:  in  the  vem,  in  fart,  it  may  l>e  aero  or  even  negative  u-s  c«iin[iunKt  wit 
the    atmospheric    pressure.     The    ojienin^    lietween    the    lymph    vessel  to 
the  vein  is  proteet^?d  by  a  valve  \v-liicli  opens  toward  the  vein,  and  the  iympl' 
therefore,  will  flow  into  the  vein  as  hiiij;  as  the  pressure  irl  tlie  latter  i^  liiwi  r 
than  that  in  the  lymphatie  duel.     At.  the  other  extremity  of  the  system, 
in  the  tissue  spaM'.><  to  which  (he  lymphatic  capillnries  an-  distrihuted,  tb<" 
pressure,    on    the    contrary,    in    high.     Its    exael    amount    is    not   kno»Ti. 
but,  since  the  pressure  in  the  blooii   capillaries  is  equal  to  4fMy)  nims.  H|£. 
the  [jressiire  in  the  liquid  of  tlie  surrounding  tiswui-s  must  hIwi  be  ennxiiler- 
able.     The  tissues  are,   in  fact,   in  a  condition  rvf  turjridity  owinit  tn  tbf 
pressure    of   the   lymph    in   the    tissue-spaces.     Thiis   difference    in    pn'^arc 
at  the  two  ends  of  the  lymphatie  system  is  the  main  constant  fa<"tor  in  rn<»"v'- 
ing  the  lymph.     It  is  olivious  that  in  the  long  run  it  is  def^ndent  upeDtJi* 

(t)res*iure  within  the  blowl-ve^vseLi  and  therefore  upon  the  force  of  the  heart 
leat.     The  contraetioivs  of  the  heart  supply  the  energy,  not  only  for  the  mov^?~ 
iJient  of  the  blorxl,  but  also  for  the  much  slower  movement  of  the  Ivniph.    TV»* 
eirctilation  of  the  lymph  is  aided,  however,  hy  many  acces.sor\'  fact-onu    I** 
some  animals  there  are  genuine  hinph  hearts  upon  the  course  of  the  ve»«eU, — '~ 
that  ii?,  puLsatde  expansions  of  the  lym[)h  vessels  vvhase  force  of  beat,  ror»~ 
trolle<l  by  valve:!,  is  directly  applied  to  mitvuig  the  lymph.     No  siich  .stnictiir^sa 
are  found  , in  the  mammalia,  hut  according  to  some  observers  the  large  r^~ 
cept4icle  at  the   bt^giniiinp  of    the   tlioracie    duct,  rei^ptaculum    chyli  mf^V" 
luiderpo  contractions,   and    is,  besides,  under  the    inhueiieo  of    motor  sf*** 
inhibitory  nerves.     Such  movement's,  if  they  occur,  mu.st  l>e  equivalent  (ot^»*^ 
action  of  a  lymph    heart,  in    their   influence  u|K)n  tiie  flow  of   lymph.     H*^ 
Bow  of  lynijili  or  chyle  in  the  intestinal  area  is  al.so,  without  <loubt,  great  I?" 
a.ssiste»l  by  the  peristaltic  and  especially  by  the  rhythmic  contractions  of  tt\* 
niuscnlature  of  the  iiitestiiies.     The  volume  of  the  lymph  in   this  region  *^ 
especially  large  aiul  the  lymph  capiDaries.  and  veins  are  [)ro\-ided  with  valv^^" 
Jlfijlhiiiical  coiitnictiiins  of  the  musculature  of  the  intesliue  mu.st  stiue^*^ 
the  fymph  to  wan!  (he  thoracic  duct ,  acting  like  a  local  pump  to  acceler^*^ 
the  flow  of  lymph.      A  similar  influence  is  exert«d  by  the  contractions  of  t^"**^ 
skeletal  mascles.     The  comjireission  exerted  b>  the  shortene<l  fibers  f^uee*'^^ 
the  lymjih  vessels  and,  on  account  of  the  valves  present,  forces  the  lvTt»p|^ 
onward  toward  the  larger  ducts.     The  flow  of  l^miph  from  the  resting  muso*^^ 
— the  arrriH  and  legs,  for  instance — ia  normally  small  in  quantity,  but  iluri-*^^ 
mu.»cular  exercise  and  massage  it  is  obviously  UHTejt^e*!.     This  increase  n"***- 
be  observed  in  experimental  work  bv  placing  a  cannula  in  the  thoracic  dL»<^* 
Active  or  fiassive  movements  of  the  limlw  under  the.se  condition.*!  will  caiL-*^ 
noticeable  increase  in  the  outflow  from  the  dud.     Still  another  factor  whi*^ 
exerri.ses  an  influence  upon  the  flow  of  lymph  is  found  in  the  respiratory  mo"*''' 
ments  of  the  thorax.     At  each  ia-spiratiou  the  pressure  within  the  thorac 
dimmished  (increa.se  of  negative  pressure! ,  and  this  factor  influences  the  iyn*^^ 
flow  in  several  ways:  By  increa,sing  the  flow  of  blood  through  the  large  ve»  ■' 
at  the  edge  of  the  thorax,  jugulars  and  suhclavians,  it  douhtlesss  a^^pira.^ 
lymph  from  the  thoracic  and  right  lymphatic  ducts  into  the^-e  vein-*.     .Vlo 

*  See  Henderson,  "American  Journal  of  Physiology,"  2;J,  IH.'),  1909. 
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over,  by  lowering  the  pressure  upon  the  intrathoracic  portion  of  the  thoracic 
duet  it  also  aspirates  the  lymph  from  the  abdominal  portion  of  this  vessel. 

When  we  place  a  cannula  in  the  thoracic  duct  and  measure  the  outflow 
directly  it  is  found  to  be  exceedingly  slow  and  variable.  Older  measure- 
ments (Weiss)  indicate  that  it  has  a  velocity  in  the  duct  in  the  neck  of  about 
4  mms.  per  second,  but  this  velocity  changes  naturally  with  the  conditions 
influencing  the  production  of  lymph  in  the  tissues.  Heidenhain  estimates  that 
for  a  dog  weighing  10  kgms.  the  total  outflow  from  the  thoracic  duct  in  24 
hours  is  equal  to  640  c.c.  Munk  and  Rosenstein,  from  observations  upon  a 
case  with  a  lymph  fistula,  estimated  that  in  man  the  flow  may  be  equal  to 
50  to  100  or  120  c.c.  per  hour. 
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SECTION  VI. 
PHYSIOLOGY  OF  RESPIRATION. 

Historical, — ^The  term  respiration  as  usually  employed  in 
physiology  refers  to  the  process  of  gaseous  exchange  between  an 
organism  and  its  environment.  This  exchange  consists  essentially 
in  the  absorption  of  oxygen  by  the  living  matter  and  the  elimination 
of  carbon  dioxid.  It  is  one  of  the  generalizations  of  physiology  that 
all  living  matter,  with  the  exception  perhaps  of  the  anaerobic 
organisms,  requires  oxygen  for  its  vital  processes — that  is,  for 
the  development  of  its  energy  requirements.  On  the  other 
hand,  one  of  the  universal  end-products  of  this  metabolism 
is  carljon  dioxid.  Hence,  respiration  in  some  form  is  one 
great  characteristic  of  living  things.  In  the  simplest  animals 
and  plants,  the  unicellular  organisms,  the  exchange  between 
the  air  (or  water)  and  the  organism  takes  place  directly,  but 
ill  the  more  complex  animals  some  form  of  respiratory  appara- 
tus is  developed  whose  function  consists  either  in  bringing 
the  air  or  oxygen-laden  water  to  the  constituent  cells,  as  in  the  air 
tubes  of  the  insects,  or  in  bringing  the  circulating  blood  into  contact 
with  the  air  or  water,  as  in  the  case  of  animals  provided  with  lungs 
or  gills.  In  man  and  the  air-breathing  vertebrates  the  latter  device 
is  employed  and  one  may  distinguish  in  such  animals  l)etween 
internal  and  external  respiration.  By  the  latter  term  is  meant  the 
gaseous  exchange,  alworption  of  oxygen  and  elimination  of  carlion 
dioxid,  that  takes  place  in  the  lungs  l)etween  the  blood  in  the  pul- 
jnonar>'  capillaries  and  the  air  in  the  alveoli.  Hy  internal  respira- 
tion is  meant  the  similar  exchange  that  t^kes  place  in  the  systemic 
capillaries  l)ctwcen  the  blood  and  the  tissue  elements.  All  of  this 
exchange  is,  so  to  speak,  .secondary,  .since  the  es.sential  process 
consists  in  the  history'  of  the  oxygen  after  it  is  absorl)e<l  into  the 
tiifflues, — that  is.  the  part  taken  by  the  oxygen  in  the  metalx)lism  of 
living  matter.  This  process,  however,  is  a  part  of  the  subject  of 
nutrition.  The  food  alisorljed  from  the  digestive  organs  and  the 
oxygen  taken  from  the  blood  have  a  common  hi.stor>',  or  at  least 
their  reactions  are  indissolubly  connecte<j  after  they  come  wthin 
the  field  of  influence  of  the  living  molecules.  This  side  of  the  func- 
tion of  the  oxygen  may  \>e  considered,  therefore,  more  appropriately 
in  the  section  on  nutritiim.  In  the  present  section  attention  will  be 
directed  to  the  beautiful  means  that  have  been  adapted  to  the  pur- 
jios*-!  of  supjilying  the  tissues  with  oxygen  and  of  removing  the 
«*arl»on  dioxid. 
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The  true  understanding  of  the  object,  of  the  art  of  respiration  we 
owe  to  I^voisier,  the  discoverer  of  oxygen.  In  his  paper  published 
in  1 777.  entitleti  "  Experiments  on  the  Respiration  of  Animals  and 
on  the  Changes  which  tlie  Air  Undei^goes  in  Passing  through  tlie 
Ijungs,"  he  laid  the  foundations  of  our  present  knowledge,  and 
in  subsequent  work  he  developetl  a  conception  of  the  nature  of 
phyaiological  oxidations  which  has  tlominated  the  physiologicid 
theories  of  nutrition  up  to  the  present  time.  The  discovery  of  the 
physiological  meaning  of  respiration  and  the  fimction  of  the  hjngs 
constitutes  the  most  interesting  jwrt  of  the  historv  of  physiology'. 
All  the  great  physiologist-s  of  pa.st  ages  contrihute<l  their  part  to 
the  story,  and  as  we  look  back  we  can  count  di.stinctly  the  different 
steps  made  toward  the  truth  as  we  understand  it  to-day.  The 
history  of  this  subject  is  not  only  most  instructive  in  demonstrating 
the  triumphant  although  slow  progress  of  scientific  ijivestigation, 
but  it  illustrates  well  also  the  intimate  interrelations  of  jjhysiology 
>*'ith  the  sister  sciences  of  ehejiiistr>"  and  physics  ami  the  grc^t  value 
of  the  experimental  method.  The  theory  of  respiration  held  in  each 
centurv'  was  fonnulated  to  ex(»lain,  as  far  as  jxissible,  the  fact*  that 
were  known,  and  as  we  look  hack  from  our  vantage  point  it  is  most 
impressive    to    realize    how    Avell-known    phenfimena,    imperfectly  j 

understood,  were  apparently  exfjiaincd  by  theories  which  we  now 
know  to  be  incorrect.  Without  doubt,  many  of  the  explanations 
accepted  to-day  will  in  later  tunes  l>e  foxmd  to  rest  upon  a  similar 
incomplet^e  knowledge.  I-lach  generation  miist  do  the  iK-st  it  can 
with  the  knowledge  of  its  thnes. 

The  histor)''  of  respiration,  the  successive  stet>s  in  its  progress  may 
be  summarized  in  a  few  words.  ArLstotle  thought  that  the  main 
function  of  respiration  is  to  regulate  the  heat  of  the  body,  which  wjis 
supposed  to  be  producetl  in  the  heart;  hence  the  increased  resj*! ra- 
tions after  muscular  exercise  when  the  body-heat  is  increased.  At 
the  same  time  he  believed,  with  the  philosophers  of  his  times,  that 
the  body  receives  something  from  the  air  that  is  necessar>'  to  life,  a 
lysubtle  something  that  he  designated  as  the  "  ]>neuma."  Praxagoras 
ntaught  that  lilfKMi  is  contained  only  in  the  veins,  and  that  the  ar- 
teries are  filled  with  a  gaseous  substance,  the  "  pneuma "  derived 
from  the  air,  an  unfortunate  error  that  prevailefl  in  medicine  for 
several  centuries.  The  two  celebrated  anatomists  and  ijhysiologi.sts 
of  the  Alexandrian  .school,  Ilerojihilus  anri  Enisistmtus,  distin- 
guished two  kinds  of  pneuma,  the  \ital  .spirits,  which  arc  iimde  or 
extracted  from  the  air  in  the  lungs  and  whose  production  consti- 
tutes the  chief  function  of  respiration,  and  the  animal  spirits,  elabo- 
rated in  the  brain  from  the  vital  spirits  and  responsible  for  the 
functions  of  motion  and  seasation.  Galen  {131  A.  D.)  demonstrated 
that  the  arteries  lus  well  as  the  veins  contain  blood,  but  still:  belicA'cd 
that  the  chief  function  of  the  respiratory  movements  is  to  furnish 


Dtgrfizerl"b7 


634 


PHYSIOLOGY   OF  RESPIRATION. 


pneuma  or  vita!8|>iritstn  the  heart.  This  great  physiologist  noticed 
also  that  the  air  is  necessary  for  combustioa  as  it  is  for  life,  and 
stated  his  belief  that  the  explanation  of  one  of  these  acts  would 
be  also  an  explanation  of  the  other.     This  thought  seenis  to  have 
been  accepted  by  all  tlie  physiologists  of  subgw]iient  tiroes,  but  it 
re(]uired  over  sixteen  hundred  years  of  investigation  before  a  satis- 
factoH'  solution  was  reached.     Galen  recognized,  moreover,  that 
not  only  does  the  blood  take  sometliing  of  essential  importance  from 
the  air, — namely,  vital  spirits, — but  it  also  gives  off  something  to  the 
air  that  is  injurious  to  the  body,  a  something  which  he  compared  to 
the  .smoke  of  combustion  and  designated  as  the  "  fuliginous  vapor  " 
If  we  substitute  oxygen  for  vit4il  spirits  and  carbon   dioxid  for 
fuliginous  va|x>r  we  realize  that  the  essential  problem  of  respiratioa 
was  already  clearly  fornmlated,  but  could  not  make  further  advance 
until  chemical  knowletlge  was  more  fully  developed.    Such  is  the 
case  with  some  of  our  physiological  problenis  to-tlay.    Galeu  also 
explained  satisfactorily  the  respiratory  movements,  the  action  of  ttic 
nuiscles  of  inspiration  and  expiration,  thus  destroying  the  olde* 
erroneous  theories  that  the  expansion  and  contraction  of  the  liin^* 
are  due  to  processes  of  heating  and  cooling. 

Clalen's  physiology  held  imiiisputed  .iway  until  the  seventeent 
centun,'.     At  that  time  there  arose  a  school  of  physiologist*!,  th 
iatromechanlsts.  who  projwsed  to  explain  all  vitnl  phenomena  upoi 
known  mechanical  principles, — the  laws  of  physics  and  chenmtr.' 
For  the  mystical  view  of  vital  spirits  they  proposetl  to  substitute 
more  rational  and  concrete  theory.    The  blood  in  the  lungs  l)ecoin»^ 
red  simply  because  it  is  minutely  subdivided  and  shaken,  just  asa  -^ 
tu!>e  of  blood  becomes  red  when  violently  agitated.     Thus  an  effort 
to  lie  more  scientific,  to  use  the  exact  knowledge  of  physics,  led  to 
the  adoption  of  view.s  which  we  now^  know  were  far  more  erroneous 
than  the  ancient  and  intrinsically  correct  conception  that  tlie  blood 
receives  something  from  the  air  in  the  lungs. 

In  the  seventeenth  century,  however,  began  those  discoveries 
in  chemistry  and  physiolog>-  which  eventually  led  to  our  present 
knowledge.  Van  Helmont  (1577-1644)  discoveretl  that  in  the 
burning  of  charcoal,  the  fenuentation  of  wine,  and  the  action  of 
vinegar  on  chalk  a  special  gas  is  produced  which  he  called  gaa 
sylvestre  and  which  we  call  carbon  dioxid.  Robert  Boyle  (1627- 
1691)  publi.shcd  a  most  interesting  series  of  experiments  made  with 
the  aid  of  the  recently  discovered  air-pump  wliich  demonstrated  the 
correctness  of  the  view  held  by  Galen  that  the  air  contains  some- 
tiling  necessary  for  life  and  for  combustion.  He  showed,  moreover, 
Ihat  air  that  had  been  repeate<lly  ins|>;red  was  no  longer  capable 
of  maintaining  life.  Roliert.  Hooke  (1635-1703)  introduced  a 
method  of  artificial  respiration  by  means  of  a  bellows,  and  demoD- 
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atratcd  by  smrling  a  cimtinudus  stream  of  air  through  the  lungs 
that  the  respiratory  mnvenients  of  these  organs  are  in  themselves, 
as  amechanical  process,  in  no  wise  an  essential  feature  of  respiration. 
John  Mayow  in  16SS-1674  discovered  that  air  is  not  a  simple  ele- 
ment, but  contains  a  definite  substance  necessary  to  life  and  to 
combustion.  He  designated  this  substance  as  the  nitro-aerian 
vapor  or  nitrous  particles,  l>ecause  he  believed  that  the  same 
eiibsiance  is  present  in  condensed  form,  as  it  were,  in  common  niter, 
having  found  that  combustion  is  [xjssible  even  in  a  vacuum  in  the 
presence  of  niter. 

In  the  eighteenth  century,  as  is  shown  in  the  work  of  the  great 
physiologist,   Haller,   the   theories  of  respiration   were  in   many 
TBBpects  in  a  most  imsatisfactor}-  state.     The  new  facts  that  had 
been  discovered  made  the  old  views  untenable,  but  were  not  in 
themselves  sufficient  to  explain  tk-arly  whtit  actually  t^kes  place. 
B  Such  periotls  of  uncertainty  and  dissatisfaction  are  frequent  enough 
^  in  the  histoR'  of  .science.     In  1757  .Io.seph  Black  rediscovered  carbon 
dioxid,  calling  it  fixed  air.  and  showed  that  it  is  present  in  expii-eti 
air.     A   little  later  Priestly  disro^-ered  and   isolated  oxygen  and 
nitrogen;  liut,  under  the  influence  of  im  erroneous  view  of  combus- 
tion that  had  been  advanced  by  Stahl,  was  unable  to  give  his 
discoveries  a  clear  and  satisfactory  application.    The  final  step 
in  this  progress  was  made  by  the  wonderful  %vork  of  Lavoisier 
between  tlie  yeare  1771  and   1780.     He  made  corret^t  analyses  of 
air  ixnd  of  carlxin  dioxid,  he  explainetl  combustion  as  an  oxidation 
ith  the  formation  of  f'0„  and  H.O,  he  showed  that  in  re.>*piration 
the  same  process  occui-s.  and  that  the  blood  takes  oxygen  from 
the  air  and  gives  back  to  it  in  expiration  the  carbon  dioxi<l  anrl 
forme<l  by  combustion  within  the  IkhIv.     He  pave  us  tlie 
tial  facts  in  the  modern  theories  of   respiration   and   physio- 
logical oxidations. 

After  lAvoisier  the  chief  jjositive  advances  that  have  lieen  made 
have  lieen  in  reference  to  the  condition  of  the  gases  in  the  blood. 
By  means  of  the  gas-pumi)  Magnus  (1837)  obtained  these  gases 
quantitatively  an<l  thus  procured  data  which,  as  Lieliig  showefl, 
demonstrate  that  the  oxygen  is  hpld  in  the  blood,  not  in  .simple 
solution,  but  in  some  form  of  chemical  comliinatiitn.  }>robably 
with  the  red  corpuscles.  Finally  it  was  shown  by  Stokes  and 
Hoppe-Seyler  that  the  ox>'gen  is  held  in  definite  chemical  com- 
bination with  the  hemoglobin.  The  nature  of  the  combination  of 
the  carlxin  dioxid  in  tlie  blood  is  not  yet  entirely  undoi-stood,  while 
the  actual  nature  of  physiological  oxidations^that  is,  the  part 
taken  by  the  oxygen  in  the  chemical  reactions  of  living  matter- 
is  one  of  the  great  problems  of  nutrition  which  may  need  many  years 
lor  solution. 
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THE  ORGANS  OF  EXTERNAL  RESPIRATION  AND  THE 
RESPIRATORY  MOVEMENTS. 

Anatomical    Considerations. — Some   of   the   anatomical  ar- 
rangements in  the  lungs  which  have  an  immediate  physiological 
interest  may  l>e  recnlled  briefly.     The  structures  of  the  trachea  and 
bronchi  are  admirably  adapted  to  their  functions  as  air  tubes,  in  that 
the  walls  possess  flexibility  combined  with  rigidity.     The  lining  (^ 
ciliated  epithelium  throughout  the  air  passages  is  of  iniiwrtanre, 
primarih'   it  may  be  assumed,  in  removing  mucus  and  forrigrv 
inaterial  from  these  passages.    The  smaller  bronclii  possess  a  dis- 
tinct muscular  layer,  and,  as  we  shall  see,  this  musculature  is  under 
the  control  of  a  special  set  of  nerve  fillers  through  whose  reflex 
activity  the  capacity  ani.1  resistance  of  the  fironchial  system  may  hf. 
modified.     The  smallest  bronchioles  are  expandetl  into  a  system  of 
menibran<jus  air  cells,  and  in  the  walls  of  these  thin  sacs  the  capil- 
laries of  the  pulmonary  artery  are  distribut«l.     The  great  efficiency 
of  this  apparatus  is  evident  when  one  n-catls  that  every  one  of  the 
infinite  number  of  rerl  corpuscles  is  exposi'd  separately  to  tiie  air  of 
the  air  cells,  so  that  although  the  time  of  transit  is  brief  the  entire 
amount  of  hemoglobin  is  nearly  completely  saturated  with  oxygen. 
Each  lung  is  enveloped  in  its  own  pleural  sac.    The  space  between 
the  parietal  and  the  visceral  layer  of  each  sac  is  the  so-called 
pleural  cavity,  but  it  must  be  borne  in  mind  that  under  all  normal 
conditions  this  cavity  is  only  pot«'ntiaI, — that  is,  the  parietal  and 
visceral  layers  are  ever>'where  in  contact  with  each  other.     Under 
pathological  or  accidental  conditions  air  or  exudations  may  ent^r 
this  space  and  form  an  actual  cavity.    Along  the  mid-line  of  the 
body  and  around  the  roots  of  the  lungs  we  have  the  mediastinal 
spaces  lying  between  the  pleural  sacs  of  the  two  sides,  but  entirely 
filled  with  the  various  thoracic  \'i8cera,  such  as  the  heart,  aorta  and 
its  branches,  ]iulmfmarv  artery  antl  veins,  vense  cava*,  azygoe  vein, 
trachea,   esophagus,    thoracic    duct,   various   nerv'es,   and   lymph 
glands.      All  these  organs,  therefore,   lie  outside  the  lungs.     A 
schematic  view  of  those  relatinns  is  represente'd  in  Fig.  263. 

The  Thorax  as  a  Closed  Cavity.— The  thorax  is  a  cavity  entirely 
shut  off  from  the  out.sidc  .iiid  from  the  abdominal  cavity.  In  thLs 
cavity  lie  the  lungs  and  the  various  viscera  enumerated  above. 
The  lungs  may  be  considered  as  two  large,  membranous  sacs,  a^ 
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represented  in  Fig.  263,  the  interior  of  which  {'umniuni rates  freely 
with  the  outside  .-lir  through  the  trachea,  ghntis,  etc.,  while  the 
outside  of  the  sac^  is  protected  from  atmospheric  pressure  hy  the 
wallH  of  the  chest.  It  is  to  be  remembered,  of  course,  tliat  tlie 
interior  surface  of  the  lungs  is  multiplied  greatly  by  the  sub-; 
division  into  alveoli.  It  is 
estiniatetl  that  the  entire 
inner  surface  <]f  the  lungs 
amounts  to  as  much  as  iH) 
square  meters,  over  one  hun- 
dred times  the  skin  surface 
of  the  body.  The  atmos- 
pheric pressure  on  the  interior 
surfaces  of  the  lungs  e.xpands 
these  structures  under  imrmal 
conditions  until  tliey  fill  the 
entire  thoracic  cavity  nut 
Occupied  by  other  orgauK. 
However  the  size  of  the  chest 
cavity  varies,  that  of  tite 
lungs  must  change  accord- 
ingly; so  that  at  all  times  the 
lungs  fully  fill  up  every  part 
of  the  cavity  not  f>thprwise 
occupietl.  If  the  wall  of  the 
thorax  is  opene<l  at  any 
]K>int  so  as  t(j  make  coniniu- 

nicatiun  with  the  outside  air.  or,  if  the  wall  of  tlie  hing  is  pierced 
so  that  the  air  can  ctimmunicate  with  the  pleural  cavity  from 
the  inside,  then  at  once  the  lungs  shrink  ni  size,  since  the  atmos- 
pheric pressure  is  then  equalized  on  the  outside  and  the  inside 
of  the  sacs.  Wc  may  consjfier.  therefore,  that  the  thoracic  cavity 
is  much  larger  than  the  lung.'^.  ami  that  the  latter  are  bhtwn 
out  to  fill  this  «'avity  l»y  the  atmospheric  pressure  on  the  inside. 
The  Normal  Position  of  the  Thorax — Inspiration  and  Expira- 
tion.— During  life  the  size  of  the  thorax  is  continually  changing  with 
the  respirator^'  movements,  IJut  the  size  and  position  taken  at  the 
end  of  a  normal  expinition  may  ]w.  regartleil  as  the  nonnal  position 
of  the  thorax;  that  is,  its  ix>.sition  when  all  of  the  muscles  of  respira- 
tion are  at  rest,  and  substantially,  tlierefore,  the  position  of  the 
thorax  in  the  cadaver.  Starting  from  this  {wsition,  any  enlarge- 
ment of  the  thorax  constitutes  an  active  inspiration,  the  result  of 
which  will  he  to  draw  more  air  into  the  lungs  ;  while  starting  from 
the  normal  position  any  diminution  in  the  size  of  the  tiiorax 
constitutes  an  acliiK  expiration,  which  will  drive  some  air  out  of  the 
lungs.     It  Is  evident,  however,  that  after  an  active  inspiration  the 


FJjt.  2ft3. — Schema  to  indicate  the  re- 
Utlcnit  of  the  parietal  anii  vi><c«ra)  layertt  of 
ttiF  pleural  hbck,  anil  the  puHitiiin  uf  thetne- 
dia«tmal  8|Mtcc:  f,  the  potentUJ  pleurat 
Cftvity  ill  tach  »ao:  A/,  (he  namliastinikl 
K|>ace:  Ji.L.  ami  L.L..  the  cavity  of  the 
right  and  tLe  left  liin«,  n»|i«f  lively ;  T.  the 
Inches.  I'be  uutlin^*  of  the  pleura  tin  each 
■ide  are  reprenented  in  dotted  Uties. 
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thorax  may  return  passively  to  its  normal  position,  gi^^ng  whatie 
known  as  a  passive  expiration, — that  is,  an  expiration  not  caused 
by  muscular  effort.  So  aft^r  an  active  expiration  the  thorax  im\ 
return  passively  to  its  normal  jxjsition,  giving  a  passive  inspiration. 
Our  normal  respiratory'  movements  consist  of  an  active  inspiration 
followed  by  a  pas-sive  expiration, 

Hechanism  of  the  Inspiration. — ^The  cheat  ca\it>'  may  be 
enlarged  and  an  inspiration,  therefore,  he  produced  by  two  methods. 
— ^namely,  by  a  contraction  of  the  diaphragm  and  by  an  elevation 
of  the  ribs. 

Contraction  of  the  Dkiphmgm. — From  the  anatomy  of  the 
diaphragm  it  is  evident  that  its  fixed  atta,chment  is  found  in  iU 
muscular  connections  with  the  Kunbar  vertebne,  the  ril>8,  and  tb« 
ensiform  cartilage.  From  these  attachment-s  tlie  mu.scular  sheel 
extends  anteriorly  along  the  walls  of  the  thorax  and  then  bends  ova* 
to  form  the  arch  which  ends  in  the  central  tendon.  This  latteJ 
structure  is  not  entirely  free,  since  it  is  attached  to  the  perit-Ar* 
dium  of  the  heart ;  but,  relatively,  it  is  the  movable  portion  » 
the  diaphragm.  8[ieaking  generally,  a  contraction  of  the  dia^ 
phraginatic  muscle  draws  the  central  teiidcm  iluwnward  toward  thi 
abdominal  cavity  and  therefore  enlarges  the  chest  in  the  vertical 
diameter,  while  an  incn-jise  in  the  thoracic  cavity  around  thfl 
periphery-  of  the  diaphragm  is  caused  also  by  the  flattening  of  the 
muscular  arch.  Two  results  follow  this  movement:  The  lungs  aiC 
expanded  exactly  in  projjortion  its  the  cavity  enlarges.  There  ia 
of  course,  at  no  time  any  space  between  the  lungs  and  the  di* 
phragm:  as  the  latter  moA'es  downward  the  lungs  follow  because  a 
the  excess  of  pressure  on  their  interior.  Although  ortlinarily  wi 
speak  of  the  new  air  being  sucked  into  the  lungs  (hiring  this  move 
ment,  it  is,  of  course,  strictly  sjKjaking,  forceil  in  by  the  pressure  0 
the  ontvside  atmosphere.  (Jn  the  other  hand,  the  descent  of  the  dil 
phragni  raises  the  pressure  in  the  abdoniiiuil  cavity.  This  cavity  i 
entirely  full  of  viscera  and  for  mechanical  jnirixises  may  l>e  r^ardo 
as  being  full  of  lif[uid.  The  rise  of  pressure  is  transmitted  throughou 
the  abdomen  i\\u\  causes  the  abiktminal  wall  to  protnide.  Inspiratia 
caused  b}'  a  contraction  of  the  diaphragm  is  therefore  s{X)ken  d 
either  as  dkiphragnmlic  respiration  or  jis  ubdominol  respiration,  tl| 
latter  term  having  reference  to  the  \i.sible  effect  on  the  abdomlnl 
walls.  In  stmng  contracticnis  of  tlw  diajihragm  the  heart  also  i 
pulled  downwani,  and  if  the  movement  is  forced  the  lower  ril>s  maj 
be  pulled  inward  to  some  extent.  This  last  effect  would  diminiaj 
the  size  of  the  thorax  and  therefore  would  tend  to  antagonize  Um 
inspiratory  action  of  the  diaphragm,  and  other  muscles  are  appaf 
ently  brought  into  play  to  prevent  this  i-esult.     As  stated  below,  till 
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qiiadratus  Inmbonirn  and  tlie  serrntvis  posticus  inferior  may  have 

this  function  of  fixating  the  lower 
ribs  in  violent  inspirations.     The 

r^^i^^  diaphragmatic  must-le  is  innervate<l 

'         y^^r^  ^^  each  side  by  the  correspontling 

/jY^  phrenic   nerve.     This  nerve  arises 

/^  in  the  neck  from  the  fourth  and 

ft/  '      fifth   cervical    spinal   nerves,   and 

"  passes  downward  in  the  chest  in 

the  mediastinal  space,  lying  close 
to  the  heart  in  part  of  its  course. 
Section  of  this  nerve  paralyzes,  of 
course,  the  diajjhragm  on  the  cor- 
respontling  side. 

Elcvulion  oj  ihf  Ribs. — As  a 
nece.ssary  re.sult  of  the  structure  of 
the  bony  thorax,  ever>'  elevation 
of  the  ribs  must  cause  an  enlarge- 
ment of  the  thoracic  cavity  in  the 
dorsf>ventml  and  the  lateral  liiam- 
eters.  We  arc  justified  in  saying 
that  every  muscle  whose  oontrac- 
ion  causes  an  elevation  of  the  ri!»s  is  an  inspiratory  nniscle.  This 
result  is  due,  in  the  first  place,  to  the  slant 
of  the  ribs.  Each  rib  i.s  attached  to  the 
spinal  column  at  two  points:  the  head  to 
the  Ixidy  of  the  vertebra  and  the  tubercle 
to  the  transverse  process.  The  u]}-and- 
IJMdown  m^ivements  of  the  ribs  may  be  re- 
|HKarded  as  rotations  around  an  axis  joining 
these  two  points, — that  is,  each  point  in 
the  rib  as  it  moves  up  or  down  describes 
a  circle  ar<->und  this  axis  (s^ee  Mg.  2fi4). 
If  our  ribs  were  set  upon  the  vertebral  col- 
umn so  that  the  plane  of  the  rib  formed  a 
right  angle  with  the  column,  then  ever>' 
movement  of  the  rib  up  or  down  would 
decrease  the  size  of  the  thorax  and  there- 
fore cause  an  expiration.  As  a  matter 
of  fact,  however,  the  ribs  slant  downward, 
so  tlrnt  if  elevated  the  sternal  end  is  car- 
rietl  farther  away  from  the  sternum  and 
the  chest  is  enlarged  in  the  dorsoventral 
direction  (see  Fig.  20.')),    Mureuver,  as  the  rib  moves  upward  there 


th   ilitr«al    vertcbtm   and 
tib.—(Reu:heTt.) 
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Fi*.  26.S.- 
lii!>trBte  the  eBeol 
of  the  riba:  S,  'Fhe  xpinul  cul- 
umii;  a,  the  poMtion  of  the 
rib  in  normal  expiratioo;  (a*) 
itii  (MKMtioD  (exafnemied)  ia 
iiupiration  (the  di»taaoe  b^ 
tw<«n  the  npina]  ciiluinn  and 
the  .Hteriium  (■/.),  the  antero- 
posterior or  ilorflovcntnO  tli- 
ameter  of  the  chest  lh  in- 
cr*a«»<l).  Any  movement  fnuii 
the  potation  a'  would  eaiuean 
exptnilii>n. 
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is  an  ob\'ious  enlargement  of  the  chest  in  the  lateral  diameter. 
This  result  may  be  referred  to  two  causes:  In  the  first  place, the 
axis  of  the  rotation  of  the  ribs, — that  is,  the  line  joining  the  head 
and  the  tubercle  of  the  rib  is  inclined  downward  so  that  the  plane 
of  rotation,  which  is,  of  course,  at  right  angles  to  tliis  axis,  will  k 
inclined  outward.  As  the  rib  is  moved  upward,  therefore,  itmiist 
also  move  outward.  Secondly  the  cartilaginous  ends  of  the  ribs  are 
fixed  at  the  sternum  so  that  as  they  move  upward  and  outwarl 
they  wiH  be  twisted  or  everted  somewhat  in  the  middle,  with  a 
torsion  of  the  cartilaginous  ends. 

The  Muscles  of  Inspiration. — In  addition  to  the  diaphragm, 
all  muscles  attached  Ui  the  thorax  whase  contraction  causes  an 
elevation  of  the  ribs  must  be  classed  as  inspirators'  muscles.  In 
regard  to  this  latter  group  the  action  of  some  of  them  is  either 
evident  from  their  anatomical  attachments,  or  the  muscles  may  l>^ 
stimulated  dii-ertly  and  the  effect  of  their  contraction  be  noted.  Irv 
other  ctLses.  however,  it  is  necessary  to  make  use  of  the  meth(x^ 
first  suggested  by  Newell  Martin, — namely,  the  determination 
whether  the  contraction  of  the  muscle  in  tMjspiratinn  occuns  simul- 
taneously with  that  of  the  diaphragm  or  altemate'ly  with  it.  In  the 
former  case  it  is  inspiratory,  in  the  latter  expirator>'.  The  followine 
muscles  may  he  cia.ssed  as  inspiratory:  IjevatoTen  cnstanim.  They 
arise  from  transverse  processt^n  of  the  seventh  cervical  and  first  to 
eleventh  thoracic  vertebrae  and  are  insertetl  into  the  next  rib  or  tlie 
second  rib  Ijelow.  Inicrcostfdes  cxtcmi  muscles.  They  lie  in  the  inter- 
cost.al  spaces  extending  from  the  lower  edge  of  one  rib  to  the  upper 
edge  of  the  rib  below;  they  slant  downward  and  toward  the  mid-line. 
These  muscles  have  been  assigneil  different  functions  by  different 
authors,  l)ut  the  experiments  made  by  Hough,*  u.sing  the  method 
of  Martin  described  above,  show  that  they  are  inspiratory.  It 
was  foimtl  that  in  the  dog  they  contract  synchronously  with  tlie 
diaphragm.  'J'hc  same  authors  fintl  that  the  intercartilaginous 
portions  of  the  internal  intercost^ib  are  also  inspiratt)r\-.  The 
scaleni — anterior,  medius,  and  posterior — arise  from  the  transverse 
processes  of  the  cervical  vertclira>  and  are  inserted  into  the  first  and 
second  ribs.  M.  strmo-clei/ii^mastoideus  extends  from  the  mastoid 
proce.ss  to  the  stenumi  and  sternal  extremity  of  the  clavicle.  A/. 
pectondis  minor  extends  from  the  coracoi<l  process  of  the  scapula 
to  the  anterior  surface  of  the  second  to  the  fifth  rib.  \[.  smatus 
posticus  superior  extends  from  the  spinous  jiroce.sses  of  the  lower 
cervical  and  up]ier  dorsal  vertebne  to  the  second  to  fifth  rib. 

The  Muscles  of  Expiration. — Expiration — that  is,  tliminution 

*  Hough,  "Studies  fnmi  the  Iliolo^cal  Lalxiratory,  Johti  Hopkina 
Uiiiversitv,"  5,  91,  1893,  ajui  Bei^endal  ami  Bergman,  '' Skamiinaviichai 
Arc-hiv  f.'Pliysiologie,"  7,  17S,  1896. 
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ionze  of  the  thorax — may  alsrt  be  produced  in  two  ways:   First, 
by  forcing  the  diaphragm  farther  into  the  tliorarie  cavity.    This 
mull  is  obtaine<i,  not  by  any  direct  action  of  the  diaphragm,  but 
by  coatracting  the  muscular  walls  of  the  abdomen,  the  external  and 
internal  oblique,  the  rectus,  and  the  trausversus.     The  contraction 
(rf  these  muscles,  which  fonn  what  has  lieen  called  the  abdominal 
pTM,  raises  the  pressure  in  the  abdomen  and  this,  acting  u]Mm  the 
under  surf  ace  of  the  diaphragm,  forces  it  up  into  the  thorax,  pro- 
vided the  glottis  U  ofjen.     If  the  g]otti.s  is  kept  closed  tinnly  the 
tDnreased  alMloniinal  pressure  is  felt  mainly  uiK)n  the  jielvic  organs, 
.ifi'hhis  effect  is  observed  iti  micturition,  defecation,  and  parturition. 
V<i»niJ.  I>v  depressing  the  rilw.     The  nniscles  which  mny  l>e  sup- 
fwsed  to  exert  this  action  are  as  follows:  M.  intercostahs  inkriii. 
The  expirator>'  action  of  these  muscles,  so  far  as  the  intero.s.seou9 
fiortion  is  conceme<l,   was   first  definitely  shown  by  Martin,  who 
proved  that  when  they  cfmtnict  they  act  alteniately  with  tlie  dia- 
pfcnagni.*   M .  trifinguiftris stcrni  or  themJrmisnrsus  thoracis  is  found 
•to  the  interior  of  the  thorax  on  the  anterior  wall.     Its  fibers  pass 
frtjrn  the  sternum,  running  upward  and  otitward.  to  be  inserted  into 
«*^  third  to  sixth  rib.    I'he  expjratorv  action  of  this  niuscJe  was 

•  -^tratetl  by  Hough  acconling  to  the  method  of  Martin.     M. 
. .  :i'.ili8  lumborum.    The  anatomical  attachments  of  this  muscle 

'^  such  as  would  enable  it  to  depress  the  ribs;  but  its  functional 
"'tivity  in  expiration  has  not  been  demonstrated.  The  m,  strrafus 
'>»/i'cuj?  inferior  and  m.  qwuirntus  lumborum  are  both  placed 
Ctotomically,  e.sfiecially  the  former,  so  that  their  contractions 
Srve  to  depress  the  ribs.  It  has  been  suggested,  however,  that 
bey  may  act  in  forced  inspirations  so  as  t<i  antagonize  the  ten- 
ency  of  the  diaphragm  to  puil  the  lower  ribs  inward.  Whether 
hey  really  act  with  the  diajihragm  or  alteniately  with  it  can  only  be 
etemiine<^l  by  actual  exix'rimerd. 

Quiet  and  Forced  Respiratory  Movements;  Eupnea  and 
dyspnea. — Our  respirator^'  movements  var>'  much  in  amplitude, 
D(i  the  mu.sfles  actually  invoh'ed  differ  naturally  with  the  extent 
f  the  movement.  In  gcnend,  we  ilistinguisli  two  different  forms  of 
reathing  movements.  The  ordinary'  quiet  respiration.^,  made 
rithout  ob\'ious  effort,  form  a  condition  of  respiration  designated 
s  eupnea.  IHlficult  or  labore<l  breathing  is  known  as  dyspnea, 
t  is  impf>ssible  to  draw  a  shari*  line  between  the  two.  There  are 
oany  degrees  of  dyspnea,  and  doiditless  in  quiet  breathing  the 
onpUtude  of  the  movernent-s  may  varj'  considerably  Itefore  they 
)ecome  distinctly  dyspneic.  In  all  conditifins  of  eupnea  the  chief 
;x)int  to  l)ear  in  mind  is  that  the  expiration  is  entirely  passive. 

•  Martin  and  Hartwell,  "Journal  of  Iliirsinlogy , "  2,  24,  1879.    ' 
41 


i 


Digitized  by 


Google 


» 


PHYSIOLOOY   OF   RESPIRATION. 

The  inspiration  in  man  is  made  by  the  diaphragm  alone  or  by  ih* 
fiiaphragm  together  with  some  action  of  the  levatores  costarura  and 
the  external  intercostals.     At  the  end  of  the  inspiration  the  ribs  and 
diaphragm  are  brought  back  to  the  normal  position  by  purely 
physical    forces, — the  elasticity  of  the  distended,  abdominal  wall, 
the  elasticity  of  the  expanded  lungs,  the  weight  and  torsion  of 
the  ribs,  etc.     As  soon  as  the  breatJiing  movements  become  at  all 
forced  the  action  of  the  above-named  inispiratory  muscles  is  in- 
creased in  intensity,  and  the  other  inspirator\'  muscles,  all  elevators 
of  the  ribs,  come  into  play.     Quiet  breathing  in  man  at  lea.st  is 
mainly  diaphragmatic  or  abdominal,  while  dyspneic  breathing  is 
characterized   by  a  greater  action  of  the  elevators  of  the  riba- 
When  dyspnea  reaches  a  certain  stage  the  expiration  also  become:* 
active  or  forced.     The  expiratory  act  is  hastened  by  a  contractinir*. 
of  the  abdominal  musdcs  or  of  the  depressors  of  the  rii)S,  ant_i- 
indeed  the  action  of  these  muscles  may  compress  the  cRest  beyont^^ 
its  normal  powtion,  so  that  the  expiration  is  followed  by  a  paasive^^ 
inspiration  wliich  brings  the  chest  to  its  normal  position  Ijefore  th^^ 
next  active  iiLspinition  begins. 

Costal  and  Abdominal  Types  of  Respiration. — These  two 
types  of  respiration  are  Iwised  upon  the  character  of  the  insjnratory 
movement.  An  inspiration  in  wluch  the  movement  of  the  alnlomen, 
due  to  contraction  of  the  diaphragm,  is  the  chief  or  only  feature 
belongs  tn  the  abciomiiiai  type.  An  inspiration  in  which  the  eleva- 
tion of  the  ril>s  is  a  noticealile  factor  l)elong3  to  the  costal  type. 
Hutchinson,  who  introduced  tliis  nomenclature,*  laid  emphasis 
chiefly  uixnn  the  order  of  the  movements.  In  the  alxlominal 
tj'pe  the  abdomen  bulges  outward  first,  and  this  is  followed  hy 
a  movement  of  the  thorax;  the  movement  spreads  from  the 
abdomen  to  the  thorax,  and,  "like  a  wave,  is  lost  over  the  thoracic 
region."  In  cost^il  lircatliing  the  upjjer  ribs  move  first  and  the 
abdomen  second.  The  terms  are  meant  to  apply  chiefly  to  himian 
respiration  and  have  arousofl  interest  in  connection  with  the 
fact  that  in  tjuiet  breathing  in  the  erect  ]X)sture  the  respiration 
of  man  belongs  to  the  al>domina!  typ>e  and  that  of  woman  to  the 
costal  tyj)e.  It  has  been  a  (jucation  whether  this  difference  is  a 
genuine  sexual  distinction  or  depends  simply  upon  (Lifferences 
in  dress.  Hutchinson  inclined  to  the  view  that  it  forms  wliat  we 
should  call  a  secondary  sexual  characteristic,  and  that  its  physio- 
logical vahie  for  woman  lies  in  the  fact  that  provision  is  thus  made, 
as  it  were,  again.st  the  jx^riod  of  pregnancy.  He  states  that  in 
twenty-four  young  girls  examined  between  the  ages  of  eleven  and 
fourteen  the  costal  type  was  present,  although  none  of  them  had 

*  Sec  Hulchinson,  article  on  "Thorax,"  Todd 's  " Cyclopedia  of  Axiat- 
omy  and  Phyaioiogy,"  1849. 
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worn  tight  dress.  Later  observers,  however  (Mays,  Kellogg,  and 
others),  state  that  Indian  and  Chinese  women  who  have  not  worn 
tight  dress  exhibit  the  abdominal  t>'pe,  and  the  same  statement  is 
jnade  regarding  civilized  white  women  who  habitually  wear  loose 
clothing.  It  would  appear,  therefore,  that  the  assumption  of  the 
costal  type  by  women  in  general  is  due  to  the  hindrance  offered  by 
the  clothing  to  the  movements  of  the  abdomen.  From  an  exami- 
nation of  four  hundred  and  seven  cases  Fitz*  concludes  that  when 
the  restricting  effect  of  dress  is  removed  there  is  little  or  no  tliffer- 
ence  in  the  type  of  respiration  in  the  two  sexes.  The  natural  type 
is  one  in  which  "the  movement  is  fairly  equally  balanced  between 
chest  and  abdomen,  the  abdominal  being  somewhat  in  excess." 
When  the  respiration  Incomes  dyspneic  it  takes  on  a  distinctly 
costal  type,  and  Fitx  and  others  have  shown  that  for  an  equal  in- 
crease in  girth  the  thoracic  movements  cause  a  greater  enlargement 
of  the  lungs. 

Accessory  Respiratory  Movements. — In  addition  tti  the  mus- 
cles whose  action  directly  enlarges  or  diminishes  the  capacity  of  the 
thorax  certain  other  luusflea  connected  with  the  air  passages  con- 
tract rhythmically  with  the  inspirations,  and  may  be  designated 
properly  as  accessory  muscles  of  inspiration.  The  muscles  es- 
pecially concerned  are  those  controlling  tl^e  size  of  the  glottis  and 
the  opening  of  the  external  nares.  At  each  inspiration  the  elevators 
of  the  wings  of  the  nose  come  into  jjlay.  This  movement  occurs  in 
normal  breathing  in  many  animals,  such  as  the  rabbit  and  horse, 
and  in  some  men,  while  in  dyspneic  tireathing  it  is  invariably 
present.  The  usefid  result  of  the  movement  is  to  reduce  the  resis- 
tance to  the  inflow  of  air.  So  in  many  animals  the  glottis  is  dilated 
at  each  inspiration  by  the  contraction  of  the  posterior  crico-an,'te- 
noid  muscles,  and  in  man  also  this  movement  is  evident  when 
the  breathing  is  at  all  forceil.  The  useful  result  in  this  case  also  is 
a  reduction  in  the  resistance  offered  to  the  inflow  of  air. 

The  Registration  of  the  Rate  and  Amplitude  of  the  Respira- 
tory Movements. — Many  methods  are  employed  to  register  the 
rate  or  amplitude  of  the  respiratory  movements.  Upon  man  the 
amplitude  may  l)e  measured  directly  by  a  tajie  placed  at  tlifferent 
levels  to  a.s<'ertain  the  increase  in  girth,  or  it  may  be  reconled  by 
florae  form  of  lever  or  tambour  applied  to  the  chest  or  abdomen, 
mk  convenient  instrument  for  this  purpose  is  the  pneumograph 
^cscriljed  by  Marey,  which  is  illustrated  and  described  in  Fig.  266. 
In  animal  exjjerimentation  the  various  method-s  that  are  employed 
be  classified  under  four  heads:  (1)  Methods  in  which  the 
ige  in  circumference  or  diameter  of  the  chest  or  abdomen  is 
jrded,  (2)  Methods  in  which  the  change  of  pressure  in  the  air 
♦Fitz,  "Journal  of  Experimental  Medu-iue,"  I,  1896. 
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passages  is  reconled.  In  these  metfiods  a  tul>e  may  be  inserted  into 
one  of  the  nostrils  fur  instance,  and  then  connected  to  a  tambour  tl»e 
lever  of  wiiich  makes  its  record  on  a  kymographion,  or  if  the  aimnal 
is  tracheotoinized  a  side  tube  n[K>n  the  tracheal  cannula  may  be 
connected  to  a  tambour.  This  method  indicates  well  the  rate  of 
movement  and  the  relative  amplitude,  but  has  the  defect  tliat  it 
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I'm.    J*!)!  —  l-'ig-urp  of    MarcyV  imeiunocrawb. — (Vtrdin.)     The  inMrument  cuoaftKcT- 
a  tamtHiur  UK  mounted  on  a  flexible  metal  piat4)  (p).     By  means  nf  tbb  bancU  c  anii^ 
the  metal  \>\sne  U  ti«<i  !<■  the  cliptit.     Arty  iiicrejifie  or  dl^crellI<v  in  the  sice  of  ibm  ehMt  «' 
then  aRcrt  the  tambour  by  the  lever  arranicoTneiiT  nhown  in  the  fixure.     Thaw  '''"^ 
the  tamliour  are  traiiKmiitoil  tliFiiu<;h  (he  iiilw  r  n,->  |ire».'<ure  change*  in  the  eontaiiwd 
to  a  -ecnrxl  taiiibour  (not  »hawn  in  the  figure)  which  records  them  upon  a  amoked  drum. 


^  t 


doe.s  not  reconl  the  jjausf.  if  any,  at  the  end  of  inspiration  or  ex- 
piration. A  mofiification  of  this  method  that  permits  an  accurate 
reconl  of  the  amplitude  and  duration  of  the  movements  consists  in 
connectinfc  the  trachea  or  no.strils  with  a  large  bottle  of  air.  The 
aniin;d  tirpathcs  intu  antl  out  of  the  Imttle.  antl  the  corresjionding 


iilt.  M7, — f'urvc  of  iioruial  respiratorj'  mov-emeDt-s. — {Marty.)  Curve  A.  full  liut. 
reprp«>ni-.  the  iiioiements  when  llie  rpst>'™ti>'n  is  enliretv  normal.  DowiMtruke.  inspire- 
tion;  tiixtlnike.  exiiiration.  CurveO.  iloctpd  liiii?,  n>|>rei4<nt!>  the  increaaed  amplitude  nf  the 
movenientH,  slight  dyspnea,  eiiU!ted:  by  breathiiie  tbrtiugh  .a  narrow  tube. 


variations  in  pres-siirc  are  recordi'd  by  a  tambour  also  connected 
with  the  interior  of  the  bottle.  (3)  Methods  in  which  the  change 
of  jiressure  in  the  thomcic  cavity  is  recoriletl.  This  end  may  be 
reachefl  by  inserting  a  cannula  into  the  thoracic  wall  so  that  if« 
o(jening  lies  in  the  pleural  cavity,  or.  more  simply,  a  catheter  or 
soimd  connecteil  at  the  other  end  to  a  tambour  may  be  passed  down 


Digitized  by 


Google 


EXTERNAL  RESPIRATION  AVD  REBPIRATOHY   MOVEMENTS. 


a* 


the  esophagus  until  Its  end  lies  in  the  intrathoracic  portion. 
Variations  in  pressure  in  the  mediastinal  space  synchronous  with 
the  respiraton-  movements  affect  the  esophagus  anrl  through  it 
the  sound.  (4)  Methwls  in  which  the  niovenients  of  the  dia- 
phragm are  recorded  either  liy  ii  tambour  or  lever  thnist  between 
the  diaphragm  and  liver,  or  l)y  lioolcs  attached  directly  to  muscular 
slips  of  the  diaphragm.  Registration  of  the  movements  in  man 
during  quiet  hrcathing  ^ve  us  such  a 
record  as  is  seen  in  Fig.  2(i7.  It  will 
be  seen  that  the  inspiration  (descend- 
ing limb)  is  followed  at  once  by  an 
expiration,  as  we  should  expect, 
since,  as  soon  as  the  inspiratory 
muscles  cease  to  act,  the  physical 
factors  mentioned  above  at  once  tend 
to  bring  the  chest  back  to  its  normal 
position.  The  expiration  (ascending 
limb)  is  at  first  rapid  and  toward  the 
end  verv'  grariual,  so  that  there  i.s  al- 
^nost  a  condition  of  rest, — an  expira- 
■Drv'  pause. 

The  Volumes  of  Air  Respired 
and  the  Capacity  of  the  Lungs.  — 
The  volume  of  air  respireii  varies,  of 
}urse,  with  the  extent  of  the  move- 

;nts  and  the  size  of  the  indivi<lual. 

is    volume    may    l>e    tletennined 
lily  in  any  given  ciise  by  nu-anis 

a  spiromettT, — a  fnrni  of  gasometer 

kpt'Cd  to  this  pmriMKse.     The  mn- 
iction  of  this  apparatus  is  repre- 

ited  in  Fig.  268.     It  consists  of  a 

iduateii  cyhnder  (.4)  and  a  rt'ccivcr 

0  filled  with  water.     The  cylinder 

is  counterbalanced  by  a  weight  (g) 
_  as  to  move  up  and  tlowti  in  the 
water  of  B  with  the  least  p<issll)k'  re- 
sistance. The  lube  f  pa.H.sies  thnnigh 
the  wall  of  B  and  ends  in  the  interior  of  A  almxe  the  level  of  the 
water.  The  free  end  of  this  tube  is  connected  with  the  mouth 
or  nose.  When  one  breathes  tlu'ough  this  tulx-  the  expired  air 
posses  into  ,4,  whicli  rises  from  the  water  tu  receive  it.  If  .4  is 
graduated  the  amount  of  air  brenthc<i  out  may  Ije  measured 
directly.  The  following  terms  are  used:  Vital  capaeiiy.  By 
vital  capacity  is  meant  the  quantity  of  air  that  can  be  breathed 
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out  by  the  deepest  possible  expiration  after  making  the  tlee 
possible  inspiration.     It  gives  a  rough  measure  of  limg  capacity, 
and  is  used  in  gymnasiitms  and  physical  examinations  for  this  pur- 
pose.    The  actual  amount  varies  with  tlie  individual:  an  average 
figure  for  the  adult  man  is  '.i7W  c.c.     Tidai  air.     By  this  term  is 
meant  the  amount  of  air  breathed  oiit  in  a  normal  quiet  expire; 
A  sirnjiar  amount  i.s  breatheii  in,  of  course,  in  the  previous  ins] 
tJon.  and  the  term  tibial  air  designates  the  amount  of  air  that  flowi 
in  and  out  of  the  lungs  with  each  quiet  respiratorv*  movement. 
Here,  again,  there  are  individual  variations.     The  average  figure 
for  the  adult  man  is  .5(K)  v.e.     The  complcmental  air.     This 
designates  the  amount  of  air  that  can  be  breathed  in  over  and  al 
the  tidal  air  by  the  <leef)est  possible  inspiration.     It  is  estimated 
at  1600  c.c.     The  frupplrrttrtUnI  air.     By  this  term  is  meant  the 
amoimt  of  air  that  can  be  lireathed  out,  after  a  quiet  expiration,  by 
the  most  forcible  expinition.     It  is  equal  also  to  1600  c.c.     It  is 
evident  tliat  the  complcmental  air  plus  the  supplemental  air  yim 
the  tidal  air  constitute  the  \'ital  capacity.     The  reridual  air.    After 
the  most  forcible  expiration  the  lungs  are  far  from  being  entirely 
collapsed.     The  volume  of  air  that  remains  behind,  after  the  sni*- 
plemental  air  has  been  driven  out,  Ls  known  as  the  residual  air. 
The  amount  of  thi.s  air  has  been  estimated  directly  on  the  cadaver 
(Hermann).    The  thorax  was  first  pressed  into  a  position  of  forwsd 
expiration ;  the  trachea  was  then  ligated,  the  chest  opened, the  lun^l 
removetl  and  their  volume  estimated  by  the  amount  of  water  di** 
placed  when  they  were  immersed.     The  average  result  from  such 
c3timation.s  was,  in  round  numlx^rs,  liDOO  c.c.     L'nder  oonditiooft  of 
normal  breiithing  the  reser\'e  supply  of  air  in  the  lungs  is  equal  to 
the  residual  air  plus  the  supplemental  air, — that  is,  2600  c.c.     j\fini- 
mtU  air.     When  the  thorax  is  opened  the  lungs  collapse,  driving  out 
the  supplemental  and  residual  air,  but  not  quite  completely.     Before 
the  air  cells  arc  entirely  emptied  the  small  bronchi  leading  to  them 
collapse  and  their  wall.s  adhere  with  sufficient  force  to  entrap  a  little 
air  in  the  alveoli.     It  is  on  this  account  that  the  excised  lungs  (h*t 
in  water  and  are  designated  as  lights  by  the  butcher.     TJie  smaO 
amount  of  air  caught  in  this  way  is  designated  as  the  minimal  air. 
In  the  fetus  liefore  birth  the  lungs  are  entirely  solid,  but  after 
birth,  if  respirations  arc  made,  the  lungs  do  not  collapse  completaljr 
on  account  of  the  capture  of  the  mininml  air.     Whether  or  not 
lungs  will  float  has  constitutetl.  therefore,  one  of  the  facts 
medicolegal  cases  to  determine  if  a  child  was  stillborn.    The  I 
during  life  may,  under  certain  conditions,  again  l)ecomc  in 
entirely  solid.     If  any  of  the  alveoli  become  completely  shut 
from  the  trathea,  by  an  accident  or  by  pathological  conditiooa, 
air  caught  in  them  may  be  completely  absorl)C<I,  aft<.>r  a 
interval,    by    the   circulating    blood. 
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The  Size  of  the  Bronchial  Tree  and  the  Ventilation  of  the 
Lungs. — Since  the  reserve  supply  of  air  in  the  lungs  may  amount  to 
2H00  c.c.  while  the  new  air  breathed  in  at  each  inspiration  amounts 
to  only  500  c.c,  it  waulii  seem  at  first  that  the  alveolar  air  is  not 
very  efficiently  renewed  by  a  quiet  inspiration.  The  aetua!  amount 
of  ventilation  efTected  ilepends  on  the  capacity  of  the  bronchial 
tree,  sometimes  known  as  the  '"dead  space"  of  the  lungs,  since 
the  air  filliof^  this  space  is  not  useful  in  the  respiratoiy  processes. 
According  to  observations  founded  partly  on  measurements  of 
casts  of  the  tree  and  partly  upon  physiological  determinations 
made  by  breathinji  air  poor  in  oxyjjen,  it  would  seem  that  this 
volume  may  be  reckoned  at  140  c.c*  At  each  inspiration,  there- 
fore, at  least  360  c.c.  of  ;iir  penetrate  into  the  alveoli,  and  if  evenly 
.sseminated  through  the  lungs  add  about  ^%  to  the  \'olume  of 
ch  alveolus.  Once  in  the  alveoli,  diffusion  must  tend  to  spread 
the  tidal  air  rapidly,  and  that  this  occurs  is  shown  by  an  interesting 
experiment  jierformed  by  Gri^hant.  He  breathed  in  500  c.c.  of 
hydrogen  instead  of  air  and  then  examined  the  amounts  of  hy- 
drogen breathed  out  in  successive  expirations.  Only  170  c.c. 
^ere  recovered  in  the  first  expiration,  180  c.c.  in  the  second,  41  in 
the  third,  and  40  in  the  fourth. 

Artificial  Respiration. — In  laboratory  experiments  artificial 
respiration  Is  employed  frequently  after  the  use  of  curare ;  when  it  is 
necessar>'  to  open  the  chest;  aft«r  cessation  of  respirations  from 
overdoses  of  chloroform  or  ether,  etc.  The  method  used  in  almost 
all  cases  is  the  reverse  of  the  normal  procedure. — that  is,  the  lungs 
are  expanded  by  positive  pressure  (pressunii  in  excess  of  atmos- 
pheric). A  bellows  or  blast  worked  by  hand  or  machinery  is  con- 
nect-ed  with  the  trachea  and  the  lungs  are  dilated  by  rhythmical 
strokes.  I-^rovision  is  made  for  the  escape  of  expired  air  by  the  use 
of  valves  or  by  a  side  hole  in  the  tracheal  cannula.  Numerous 
forms  of  respiration  pumps  have  Ijeen  devised  for  this  purpose. 

In  cases  of  suspended  respiration  in  human  Ijeings  from  drown- 
ing, electrical  shocks,  pressure  upon  the  medidia,  etc..  it  is  necessary 
to  use  artificial  respiration  in  order  to  restore  noraial  breathing. 
Bellows  ordinarily  cannot  Ix?  u.se(l  in  such  cases.  Some  method 
must  be  enjployed  to  expand  and  contract  the  chest  alternately,  and 
sevenil  different  ways  have  been  devised.  The  Marshall  Hall 
method  consists  in  placing  the  subject  face  down  and  rolling  the 
body  from  this  to  a  lateral  position,  making  some  pressure  u[)on  the 
back  while  in  the  prone  position.  The  Sylvester  method,  which  is 
frequently  used,  consists  in  raising  the  arms  above  the  head  and 
then  bringing  them  down  against  the  sides  of  the  chest  so  as  to 
compress  the  latter.  The  Howard  method  consists  in  simply  com- 
♦  See  Loewy,  "  Arehiv  f.  die  gesammte  Physiulogie,"  58,  416. 
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pressing  the  Imver  p:irt  of  the  cheet  while  the  subject  is  in  a  supinr 
position.  Schaefer,  who  has  recently  compured  these  different 
methods,  suggest*  one  of  his  own,  which  seems  to  be  effective,  ssvw 
labor,  and  is  less  injurious  t^o  the  subject.*  He  (lescril)ea  it  as  fol- 
lows: "It  consi.sts  in  laying  the  subject  in  the  prone  {xjsturc. 
preferably  on  the  ground,  with  a  thick  folded  garment  underneath 
the  chest  and  epigastrium.  The  operator  put-s  himself  athwart  or 
at  the  side  of  the  .suljjet^t,  facinp  his  head  (see  Fig.  269)  and  places 
his  lianils  on  each  side  over  the  itiwcr  part  of  the  back  (lowest  rihs). 
He  then  slowly  throws  the  weight  of  his  body  forwanl  to  liear  ujion 
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his  own  arms,  ami  thus  presses  upon  the  thorax  of  the  subject  and 
forces  air  out  of  the  kmgs.  This  being  effected,  he  gnuiuaJJy  re* 
laxes  the  pressure  by  bringing  \m  own  body  up  again  to  ft  nioit 
erect  position,  but  without  moving  the  hands."  These  movements 
are  repeateil  quite  regularly  at  a  rate  <jf  twelve  to  fifteen  tinm  a 
minute  until  normal  respiration  begins  or  the  possibility  of  it« 
restoration  is  abandonctl,  A  half-hour  or  more  may  be  required 
before  normal  breathing  movements  start. 

•  .Sfhftffr,    ".Mi-<liPo-fhirurKir.'il     Tntiiwirtion*,"    I/tndon.    vol.    Ixxxrii.. 
IWM,  ttlw)  "Jouniiil  (if  th«'  ,\imTi<'im  MfMlical  Asnocinlidn."  .il.  SOI,  lOOS. 
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THE  PRESSURE  CONDITIONS   IN   THE  LUNGS  AND 
THORAX  AND  THEIR  INFLUENCE  UPON  THE 
.    CIRCULATION. 

n  considering  the  prejssure  cJmnges  in  respiration  the  distinction 
between  the  pressure  in  the  thorax  outside  the  hings  and  the  pres- 
sure within  the  lungs  and  air  passages  must  lye  kejjt  cleariy  in  mind. 
The  pressure  in  the  thoracic  cavity  outside  the  hmgs  may  l)e 
designated  as  the  inlrathomcic  pressure;  it  is  the  pressure  exerted 
Upon  the  heart,  great  hlood- 
Tessels,  thoracic  duct,  esopha- 
etc.  The  pressure  in  ttie 
tenor  of  the  lungs  and  air 
es  may  be  designated  as 
rapulmnnic  pressHrc.  The 
lation.s  of  the  two  pressures 
ith  reference  to  the  outside 
atmosphere  is  indicated  sche- 
ma tioally  in  I-"ig.  270. 

The  Intrapulmonic  Pres- 
sure and  its  Variations. — The 
air  passages  and  the  alveoli  of 
e  lungs  are  in  free  commimi- 
tion  with  the  external  air; 
consecjuently  in  every-  jx>.sition 
rest,  whether  at  the  end  of 
piration  or  expiration,  the 
iressure  in  these  cavities  is 
ual  to  that  of  the  atmos- 
outside.  During  the  act 
of  inspiration,  however,  tlie  in- 
trapulmonic pressure  falls  tem- 
porarily below  tliat  of  the  atmosphere, — that  is,  during  the  inflow  of 
wr.  The  extent  to  which  the  pressure  falls  depends  natunilly  upon 
the  rapidity  and  amplitude  of  the  inspiratory  inovernent  and  upon 
the  size  of  the  ojiening  to  the  exterior.  The  narrowest  portion  of 
the  air  passages  is  the  glottis;  consequently  the  variations  in  pres- 
ire  below  this  point  arc  prnlmbly  greater  than  iti  the  pharynx  or 
sal  cavities.     If  the  air  passages  are  alvanntially  (Mni.strict<.'d  at 
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any  jKiint  the  fall  of  pressure  during  inspiration  will  be  correspond- 
ingly magnified  in  the  parts  below  the  constriction,  as  happens,  for 
instance,  in  bronchial  asthma,  edema   of  the  glottis,  cold  in  the 
head,  etc.     Under  normal  conditions  the  fall  of  pressure  during* 
f|(iiet  inspiration  is  not  lai^e.     Donders  determined  it  in  man  by 
connecting  a  water  manometer  with  one  nostril  and  found  that  it 
was  eqiial  to  — 9  or  — 10  mnis.  water.     At  the  end  of  an  inspiration, 
if  there  is  a  pause,  the  pressure  within  the  lungs  again  ri-'^ses,  of  coiiree, 
to  atmospheric.     During  expiration,  on  the  oilier  liand,  the  collapse 
of  the  chest  wall  takes  place  with  sufficient  rapidity  to  compreae  the 
air  somewhat  during  its  escape  and  cause  a  temporary  rise  of  pres' 
sure.     In  normal  expiration  Donders  estimated  this  rise  as  equal  t^> 
7  or  8  nuns,  water.     The  intrapuhnonic  pressure  may  vary  great! >" 
from  these  figures  m  the  positive  or  negative  djj^etion  according  t' 
the  factors  mentioned  above,  especially  the  intensity  of  the  respii 
tor>-  movement  and  the  size  of  the  opening  to  the  exterior, 
extreme  variations  are  obtained  when  the  oj>ening  to  the  outade 
entirely  shut  off.     When  an  inspiration  or  an  expiration  is  inad« 
with  the  glottis  firmly  closed  the  pressure  in  the  lungs,  of  course, 
rises  and  falls  with  the  rarefaction  or  compression  of  the  contained 
air.    A  strong  inspiration  under  such  conditions  may  lower  the 
pressure  by  30  to  80  nuns,  of  mercun',  while  a  strong  expiration 
raises  the  pressure  by  an  amount  e<iual  to  60  to  100  nmis.  Hg.     In 
the  act  of  coughing  we  get  a  similar  result:   the  strong  spasmodic 
expirations  are  made  with  a  closed  glottis  and  consequently  cause  a 
marke<l  rise  in  the  intrapulmonic  pressure.     Such  gre-at  variations 
in  pressure  have  a  marked  influence  on  the  heart  and  the  circula- 
tion, as  is  explained  below. 

Intrathoracic  Pressure. — Wlien  a  reference  is  made  to  the 
pressure  within  the  thomx,  it  is  the  intmthoracic  pressure  that  is 
meant, — that  is,  the  pressure  in  the  pleural  cavity  and  mediastinal 
spaces.  This  pressure,  under  normal  conditions,  is  always  n^ative, 
— that  is,  is  always  less  than  one  atmosphere.  The  reason  for  this 
is  simply  that  the  lungs  are  distended  to  fill  the  thoracic  cavity,  and 
consequently  the  organs,  like  the  heart,  which  He  in  this  ca-vity 
outside  the  lungs,  are  exposed  to  a  pressure  of  one  atmosphere. 
minus  the  force  of  elastic  recoil  of  the  lungs  (see  Fig.  270).  The  heart 
and  other  intrathoracic  organs  are  protected  from  the  direct  pree- 
Bure  of  the  air  \>y  the  thoracic  walls;  they  are  pressed  ufx>n,  how- 
ever, through  the  lungs,  but  naturally  the  atmospheric  pressure  is 
reduced  by  an  amount  equal  to  the  elastic  force  of  the  distended 
lungs.  Intrathoracic  pressure,  in  fact,  may  be  defined  as  intra- 
pulmonic pressure  minus  the  elastic  pull  of  the  lungs,  and  sincse 
under  usual  conditions  the  intrapulmonic  pressure  is  equal  to  that 
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the  atmosphere,  the  intrathoracic  pressure  is  less  than  aa 
atmosphere  b}'  an  amount  equal  to  the  reeoH  of  the  kings.  The 
negative  pressure  in  the  thorax  is,  therefore,  equal  to  the  elastic 
force  of  the  lungs,  and  is  larger  the  more  the  lungs  are  put  upon 
&  stretch, — that  is,  the  deejier  the  inspiration.  The  amount  of  thia 
negative  pressure  has  Ijeen  measured  upon  both  animals  and  men 
by  two  methods:  First  by  Donder's  methotl  of  attaching  a  manom- 
eter to  the  trachea  and  then  opening  the  thoracic  walls  so  as  to 
Allow  the  atmosphere  to  press  upon  the  exterior  face  of  the  lungs. 
In  tliis  way  the  etu.stic  force  of  the  lungs  is  determined,  and,  as 
explained  above,  this  is  equivalent  to  the  negative  pressure.  Second, 
by  thrusting  a  tn>car  through  the  thoracic  wall  so  that  its  open  end 
may  lie  in  the  pleural  or  mediastinal  cavity,  the  other  end  being 
kppropriately  connected  with  a  manometer.  The  older  oFjservers 
(Hutchinson)  also  made  experiments  upon  freshly  excised  human 
lungs,  determining  their  elastic  force  when  distended  by  known 
amounts  of  air.  The  figures  obtained  by  these  ilifTerent  methods 
have  shown  some  variations,  but  the  following  quotations  give 
an  idea  of  the  average  extent  of  this  negative  pressure.  Heynsius,* 
making  use  of  the  figures  obtained  by  Hutehinstm,  estimates  that 
in  man  the  negative  pressure  in  the  thorax  at  the  end  of  expiration 
is  — 4.5  mms.  Hg,  while  at  the  end  of  an  inspiration  it  is  equal  to 
— 7.5  raiiifi.  Hg, — a  variation  during  respiration,  therefore,  of  3  mma. 
Hg.  That  is,  assuming  that  the  atmospheric  pressure  is  760  rams, 
Hg,  the  conditions  of  pressure  in  the  thorax  and  lungs  at  the  end  of 
inspiration  and  expiration  are  as  follows: 


At  tub  Eni>  of  Inspiration. 
Intrapulmonii!  pressure. .   760    mms.  He. 
Litrathoracic  preasure.  . .  .752.5     "       " 


At  the  End  or  Ejcpwation. 
760     mms.  Hf 
755.5 


»/^- 


(1  Aron  gives  results  obtained  from  a  healthy  man  in  whom  a  can- 
tiula  was  connected  directly  with  the  pleural  cavity. f  From  36 
determinations  he  obtained  the  average  result  that  at  the  end  of 
quiet  inspiration  the  negati^'c  pres-surc  is — 4.64  mms.  Hg  and  at 
the  end  of  expiration  — 3.02  mms.  Hg — results  considerably 
lower  than  those  estimated  by  Heyn.sius.  It  should  be  borne 
in  mind,  however,  that  these  values  depend  upon  the  condition 
of  expan.sion  of  the  chest, — that  is,  the  position  of  the  body  and 
the  depth  of  inspiration.  On  dogs  Heynsius  reports  as  follows: 
At  end  of  inspiration,  1).4  mms.  Hg;  end  of  expiration.  — 3.9  mms. 
Hg.     On  rabbits, — 4.^  nuns,  and — 2.5  rams.  Hg. 

Variations  of  Intrathoracic  Pressure  with  Forced  and  Unusual 
Respirations.— After  the  most  forcible  expiration,  when  the  air- 

k*  "Archiv  f.  die  gesammte  Physioloeie. '"  29,  265,  1882. 
t  Aron,  quoted  from  Ezicrson,  "Johns  Hopkins  Hospital  Reports,"  11, 
IM,  1903. 


DigrtizEri-by 


Goo< 


652  PHYSIOLOGY    OF    RESPIRATION. 

passages  are  open,  the  intrathoracic  pressure  is  still  negative  by  a 
small  amount,  since  the  lungs  are  still  expanded  beyond  what 
might  be  called  their  normal  size, — ^that  is,  their  size  when  the  presr 
sure  inside  and  outside  is  the  same.  If,  however,  a  forced  expira- 
tion is  made  with  the  glottis  closed,  as  in  the  straining  movemoits 
of  defecation,  parturition,  etc.,  then  naturally  the  intrathoracic 
pressure  rises  with  the  intrapulmonaiy  pressure.  The  increased 
pressure  from  the  compressed  air  in  the  lungs  is  felt  upon  the  oigans 
in  the  mediastinal  spaces.  The  laige  veins  especially  are  affected, 
and  the  flow  in  them  is  partially  blocked,  as  is  shown  by  the  swelling 
of  the  veins  in  the  neck  outside  the  thorax.  The  maintenance  of 
such  conditions  for  a  considerable  period  may  seriously  affect  the 
circulation.  The  same  general  effect  is  obtained  also  in  attacks  d 
coughing,  the  violent  spasmodic  expirations  with  closed  glottis 
causing  a  visible  venous  congestion  in  the  head  from  the  obstruction 
to  the  venous  flow  into  the  heart.  Forcible  inspirations,  on  the 
other  hand,  lower  the  intrathoracic  pressure — that  is,  increase  the 
negativity — ^whether  the  glottis  is  open  or  closed.  When  the  glottis 
is  freely  open  and  a  deep  inspiration  is  made  the  intrathorade 
pressure  may  fall  as  much  as  30  mms.  Hg, — that  is,  become  equal 
to  730  mms.  The  lungp  being  much  more  expanded  exert  a  corre- 
spondingly greater  elastic  force.  If  the  glottis  is  closed  during  a 
deep  inspiration  then  there  is  little  actual  expansion  of  the  lungs, 
but  the  intrapulmonar}'  pressure  falls  from  the  rarefaction  of  the  air 
in  the  lungs,  and  the  intrathoracic  pressure,  of  course,  falls  with  it. 
The  Origin  of  the  Negative  Pressure  in  the  Thorax. — ^As  ise%')- 
dent  from  the  alx)ve  explanation,  the  fact  that  the  pressure  in  the 
thorax  is  less  than  one  atmosphere  is  due  in  the  long  run  to  the 
circimistance  that  the  lungs  are  smaller  than  the  thoracic  ca>ity 
which  they  occupy.  In  the  fetus  the  lungs  are  soHd,  and  completely 
fill  the  thoracic  cavity,  except  for  the  part  occupied  bj'  the  other 
oi^ns.  It  hjis  l>een  a  question  whether  after  birth  the  size  of  the 
thoracic  caWty  is  suiUlcnly  and  permanently  increased  by  the  first 
iiL'5pirator>-  nioxemcnts,  and  a  negative  intrathoracic  pressure  thus 
prtnlucctl  at  once.  The  careful  cxjx'riments  of  Hermann*  seem  to 
have  sett  let!  this  jwint.  He  proved  that  newly-born  children 
Innwtvn  the  first  and  tlic  fourth  day.  .show  no  measurable  negative 
prrs.<iiire  in  the  thorax.  an«i  at  the  cichth  day  the  pressure  in  the 
thoracic  cavity  is  less  than  atmospheric  by  an  amount  equal  to  only 
— (1.4  nun.  Up.  The  iw^ative  pressure  as  we  find  it  in  the  adult  is 
evidently  develoix^l  gnulually.  and  is  due  to  the  fact  that  the 
tlu»r.ix  inorciu^^  in  size  more  rapidly  and  to  a  greater  extent  than 
the  lunps.  s»)  that  to  fill  the  cavity  the  lungs  l)ecome  more  and  more 
e\|viniU\l.  It  follows,  also.  fn>m  these  facts,  that  the  new-bora 
•  Henn."Miii.  "  Anhiv  f.  .i  (;r>anunte  Mij-siolope, " 30, 276, 1883. 
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child  has  practically  no  reserve  supply  of  air  in  the  lungs ;  at  each 
expiration  the  lungs  are  entirely  emptiett  (except  for  the  minimal 
air).  The  ventilation  of  the  lung  alveoli  is  correspondingly  more 
perfect  than  in  cihJer  persjons, 

Pneumothorax. — When  the  pleural  cavity  on  either  side  is  opened 
by  any  means  air  enters  and  causes  a  greater  or  less  shrinkage  of 
the  corresponding  lung.  Tliis  condition  of  air  witliin  the  pleural 
hvity  is  tlesignafcetl  as  pneumothorax.  It  is  evident  that  air  may 
ent^r  the  pleural  cavity  in  one  of  two  general  ways :  B}'  a  puncture 
of  the  jwrietal  pleura  such  as  may  be  made  by  gunshot  or  stab 
wounds  in  the  chest,  or  by  a  puncture  of  the  visceral  pleura,  such  as 
may  occur,  for  example,  by  the  nipture  of  a  tuljercle  in  pulmonary 
tuberculosis,  the  air  in  tliis  case  entering  from  the  alveoli  of  the 
hmgs.  From  the  physical  comiitions  involved  it  is  evitlent 
that  if  the  opening  into  the  pleural  cavity  is  kept  patent  then  the 
lung  will  collapse  completely  and  eventually  will  become  entirely 
sohd,  since  the  small  amoimt  of  entrapped  minimal  air  will  lie 
absorbed  by  the  blood.  The  other  lung,  the  heart,  etc.,  will  also 
be  displaced  somewhat  from  their  normal  position  b\-  the  umisual 
pressure.  If,  however,  the  opening  is  closet!,  then  the  air  in  the 
pleural  cavity  may  be  absorbed  completely  by  the  circulating  blood 
and  the  lung  again  expand  as  this  absorption  takas  place.  In 
human  beings  pneumothorax  occurs  must  frecjuently  in  conditions 
of  disease,  particularly'  pulmonary  tubcrcidosis,  and  the  air  in  the 
thonix  is  associated  also  with  a  liquid  effusion,  tliis  combination 
being  designated  sometimes  as  hydropneumothorax.* 

The  Aspiratory  Action  of  the  Thorax. — ^The  negative  pres- 
sure prevailing  in  the  thoracic  cavity  must  affect  the  organs  in  the 
m€<liastinal  space.  The  intrathoracic  iwrtion  of  the  esophagus, 
for  inst-ance,  is  exposed,  at  times  of  swallowing  ,'it  Iciist,  to  a  full 
atmosphere  of  pressure  on  its  interior,  while  on  it.s  exterior  it  is  under 
the  diminished  intrathoracic  pressure.  This  difference  tends  to 
dilate  the  tube  and  may  aiii  in  the  act  of  swallowing.  The  main 
effect  of  the  difference  in  pre^isuro  is  felt,  however,  ui>on  the  flow 
of  lymph  and  blood,  especially  the  latter.  The  large  veins  in  the 
neck  and  axilla  are  under  the  pressure  of  an  atn^osphere  exerted 
tluijugh  the  skin,  ami  the  san^e  is  true  for  the  inferior  cava  in  the 
abdomen.  Hut  the  superior  and  inferior  cava»  and  the  right  auricle 
are  under  a  pressure  less  than  one  atmosphere.  This  difference  in 
pressure  must  act  as  a  constant  favoring  condition  to  the  flow  of 
blood  to  the  heart.  The  difference  Ls  markedly  increased  at  each 
inspiration;   .so  that  at  each  such  act  there  is  an  inrrf!a.se  in  the 

ocity  and  volume  of  the  flow  to  the  heart, — an  effect  wliich  is 


Ijel 


_     *  Sof  EmeraoD,  "  Pncuiuutliorax,"   Johns  Hopkins  Hoepital    Reporta, 
11.  1,  1003. 
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usually  referred  to  as  the  aspiratorj'  action  of  the  thorax.     At  each 
inspiration  Ijlood  is  "  sucked  "  from  the  extrathoracic  into  the  into 
thoracic  veins.     So  far  as  the  inferior  cava  is  concerned,  this  cfTert 
is  aunmcntpd  hy  the  simultaneous  increase  in  abdominal  pressurn. 
For  as  the  thapliragni  descends  it  raises  the  prf«.sure  in  the  al)- 
doaien  as  it  lowers  the  pre.ssure  in   the  thorax.     The  two  fac- 
tors co-operate  in  forcing  more  blootl  from  the  abdominal  to  llt« 
thoracic  iwrtion  of  the  cava.     This  awpiratory  effect  upon  the  ven- 
OU.S  flow  to  the  heart  is  made  more  im|M>rtant  by  the  arrangeiurtii 
of  the  valves  in  the  jugular,  suhclavian,  and  femoral  veins,  which,  as 
explained  on  p.   508    facilitate  the  emptying  of  the  i^eiunu  at- 
km  toward  the   heurl.     There  should  l>e,  of  course,  a  similar 
effect,  but  in  the  opposite  direction,  upon  the  flow  in  the  arttr- 
ies.       Each  inspiration   shniild  retard  the  arterial  outflow  from 
the  aorta  into  its  extrathoracic  branches.     A.s  a  matter  of  fact,  ihi' 
effect  proliahly  does  not  take  place.     The  arteries  are  thick  waUe<l 
and  are  dLsteniled  by  a  high  uiternal  pre^Jsuie,   8f>  that  the  small 
change  of  pressure  of  three  or  four  jnillimeters  of  mercury  durinie: 
inspiration  is  probably  incapable  of  influencing  the  calil)er  of  the 
arteries,  while  it  has  a  distinct  effect  upon  the  thin-walled  veins, 
whose  internal  j)res.sure  is  very  small.    The  changes  in  intra- 
thoracic pres-sure  during  respiration  nnist  affect  the  hlocMl-flow  aim 
in  the  jiuhnonary  circuit,  the  flow  from  the  right  to  the  left  side  of 
the  heart.     TliLs  effect  i.s  manifested  in  the  so-called  rr»spiratnrv 
waves  of  btooti-]>ressure  which  may  te  discussed  briefly  in  this 
connection. 

Respiratory  Waves  of  Blood-pressure. — When  a  recoid  ia 
taken  fif  (he  lilinuJ-pressnrti  the  tnifiijg  shows  waves,  unlOHB  the 
respiratory  movements  are  very  shallow,  which  are  synchronous  with 
the  respu-ator.v  movements  (see  l""ig.  Ii71).  When  the  respiration 
is  dyspneic  the  waves  of  pressure  are  very  marked.  To  ascertain  the 
exact  relations  of  the^e  variations  to  the  phases  of  respimtion  it  is 
necc-swiiry  to  make  .siniuitaneous  tracings  of  blood-pressure  and 
respiration  movements  with  the  recording  jjens  properly  superpoeed. 
In  the  dog  it  is  f^iund  that  the  blood-pressure  falls  slightly  at  the 
!>eginning  of  iiis|>initirm,  but  ruses  ihiring  the  rest  of  the  act  (Fig. 
272).  At  the  iH'giiming  of  expinitirm  the  j>res.sure  continues  to  rise 
for  a  time  and  then  falls  during  most  of  thi.s  phase.  On  the  whole, 
therefore,  the  effect  of  inspiration,  its  final  effect,  is  to  cause  a  rise 
of  arterial  pressure,  while  the  effect  of  expiration  is  to  cause  a  fall. 
The  relationship  of  the  two  curves  varies  in  other  animals,  de])end- 
ing,  among  other  things,  on  the  rapidity  of  the  rcspiratioiiss; 
but,  since  most  of  the  experimental  work  has  l>een  done  upon  the 
dog,  our  attention  may  be  confined  t-o  the  relationship  shown  by  this 
animal.  Two  general  explanations  may  be  given  for  these  respira- 
tor}' waves:   First,  that  l\\e'y  ate  Ctue  \a  'iA\  -akNanvV^  q^  ttte  vaso- 
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constrictor  centfr  synchronous  with  that  of  the  rcapiratory  center. 
Second,  that  they  are  due  to  variations  in  tlie  amount  of  blood  sent 
out  from  the  heart  into  the  aorta,  this  variation,  in  turn,  i>einji;  due 
to  the  mechanical  changes  in  firessure  during  respiration  and  their 
effect  on  the  hlood-flow,  aided  also  by  the  fact  that  the  heart  beats 
nK>re  rapidly  during  inspiration.  This  second  geneml  [mint  of  view 
has  been  adopted  in  physiology,  and  to  verify  it  numerous  exj)eri- 
mcnts  have  been  made  uj>on  hmgs  piacetl  in  an  artificial  thorax  in 
which  the  conilitioris  of  pressure  could  be  varied  at  will.*  .\s  the  out- 
come of  tlxis  work,  the  following  results  have  been  accepteil  in  expla- 
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Fig.  "J?!.  — lii'  iir   !.  rv  waves  of  blood-preasure.     Typiral  blood-preaeure  record  as 
..  in  with  a  tiiiTciirv    mmiomcter :     Bp   the  blu<>il-pre.stiur«  record,  sbow8  the  it«|iarat« 
liMrt  bedto  and  the  larger  respiratory  wbvbh,  each  of  whieh  compriaea  aix  to  tteven  heart 
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ition  of  the  occurrence  of  the  respirator*'  waves  of  blnnd-pres-gure : 
(1)  During  inspiration  there  is  an  increased  flow  of  Ijlood  into  the 
right  auricle  (aspiratory  action  of  inspiration).  (2)  During  insj>ira- 
♦  For  discussion  am!  literature  see  tie  .rager,  "  Arrhiv  f,  die  geeauimte 
Phwologie,"  20, 426, 1879,  and  27,  162,  1882;  abo  "  Journal  of  Physiology, " 
7, 130. 
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tion  the  capacity  of  the  blood-vessels  in  the  lungs  is  increased  an H 
also  the  velocity  of  the  flow;  consequently  there  is  an  increased 
vohime  of  blootl  flowing  through  the  kings  during  inspiration-  Tbe 
increased  capacity  of  the  lung  capiiUaries  during  the  expansion  of 
the  lungs  was  shown  experimentally  by  Heger  and  Spehl.  They 
opened  the  anterior  mediastiniun  without  wounding  the  pleura  atxl 
proved  that  if  the  lungs  are  tied  off  at  the  end  of  inspiration  they  con- 
tain more  blood  than  when  tied  ofif  at  the  end  of  exjnration.  The  in- 
creased velocity  of  the  blood-flow  through  the  lungs  during  inspini- 
tion  is  explained  by  the  fact  that  the  greater  negative  pressiire  affwta 
the  tiiin-walled  pulmonary  veins  more  than  the  pulmonary-  arter>' ; 
consefiuently  the  head  of  pressure  driving  the  blood  through  th»C 
lungs, — that  is,  the  difference  in  pressure  between  the  blood  in  tbt« 
pulinonaiy  artery  and  veins — is  inci-eased.    These  datA  explaL»3 

satis factorilj'  the  general  fact  rcganling  the  respirator)-  waves, 

namely,  that  during  inspiration  there  is  a  rise  of  aortic  pleasure  dix^ 
to  a  greater  output  of  blood  from  the  heart,  and  during  expiratio>:«3 


Fig.  272.— IMaRTam  to  repreaent  the  time  relation  between  the  reepiratory 
blood-preauure  and  the  respiratory  movprueiils  (doft):     A  reprenenU  tne  blood-pi 
record,  sbowiiis  the  heart-beats  lutd  the  larfter  rc^iiiratory  vnives.     B  reproaeats  a  ■miit 
taneous  record  of  tho  reopiratory  mavementi.     At  the  bepnnine  of  in-iptration  ther«  >»  i 
(all  of  blood-pressure,  but  the  final  and  main  efTnoC  in  n  rue.       At  the  beKinniiig  o(  axpi- 
ration  there  h  a  ri.<«  of  preaaure,  but  the  final  and  main  effect  is  a  fall. 

the  reverse.  To  account  for  the  subsidiary  fact  that  at  the  begin- 
ning of  insp-iration  the  pressure  falls  and  at  the  beginning  of  expira- 
tion it  rises  for  a  time  two  explanations  are  offered,  De  Jager 
refers  these  tempomri'  effects  to  the  changes  in  capacity  of  the  blootl- 
bed  in  the  lungs.  At  the  end  of  insjiiration  there  is  a  certain  ca- 
pacity of  the  l>ed;  when  ex[)iratl<m  comes  on.  the  lungs  shrink,  the 
capacity  of  the  biood-vessets  is  thereby  diminished, ami  consecjuently 
some  blood  is  scjueezed  out  of  the  hings  in  the  direction  of  least 
resistance, — that  is,  towanl  the  left  auricle.  This  account^  for  the 
initial  rise  of  pressure  during  exjiiration.  At  the  ]>eginning  of  inspi- 
ration, on  the  other  hand,  the  sudden  increase  in  capillar}'  capacity 
in  the  hmgs  retards  for  a  moment  the  flow  of  blood  to  the  left  auricle, 
and  thus  accounts  for  the  temporary-  fall  of  pressure.    Tigerstedt,* 

♦  See  Tigersteilt,  "  Ergebnlsse  der  Physiolople,"  vol.  ii,  part  ii,  560,  1903. 
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^  othrr  hantl,  finds  that  shutting  off  thr  cntjro  cirrulation  of 
me  lung  may  havt'  little  or  no  influencp  uiM>n  the  prt-ssure  in  the 
ystemic  circulation,  and  tiierefore  doubts  whether  small  changes  in 
he  capacity  of  the  hmg  vessels  can  have  any  distinct  effect  on  the 
aflow  into  the  left  auricle.  He  thinks  that  the  main  factor  is  the 
Qcretised  fiow  of  blood  to  the  right  aimcle  during  inspiration,  and 
bat  this  increased  amoimt  is  then  passed  on  to  the  left  anricle  and 
bitricle,  but  that  this  takes  some  little  time,  so  that  the  true  effect 
^inspiration  is  not  felt  in  the  aorta  at  the  very  beginning  of  the 
B.  This  delay  may  vaiy  in  different  animals  and  may  accoimt 
E>r  the  fact  that  in  some  animals  there  is  an  ai)]>arent  inversion  of 
relations  to  respiration,  the  aortic  pressure  falling  throughout 

jiration  and  rising  diiring  expiration. 

The  increased  rate  of  heart  beat  during  inspiration  varies  as  to 
_  [  degree  in  different  individuals.  It  has  been  shown  by  Fredericq 
hat  this  change  occurs  when  the  chest  is  widely  opened  and  the 

Ppiratory  movements  can  have  no  mechanical  effect  upon  the  heart. 
(  stiggests,  therefore,  that  the  accelerated  pulse  during  inspiration 
3  due  to  an  associated  activity  in  the  ner\'e  centers  of  the  medulla. 
Vhen  the  inspiratory  center  discharges  its  efferent  impulses  into 

fei  phrenic  nerves  it  also  sends  impulnes  by  a  sort  of  overflow 
o  the  neighboring  carilio-inhibitory  center.  This  latter  cen- 
er  is.  thereby,  partially  inhiliited,  its  tonic  effect  on  the  heart 
s  diminished,  and  the  rate  of  the  heart  is  imn'eased. 

In  artificial  respiration  carried  out  by  means  of  a  bellows — 

fet  is,  by  expanding  the  lungs  with  fxjsitive  pressure — ^all  the 
ditions  of  pressure  in  inspiration  and  expiration  are  reversed. 
[hiring  such  an  inspiration  the  flow  of  blood  to  the  right  heart,  and 
through  the  lungs  to  the  left  heart,  is  decreased.  Respirator\' 
waves  of  pressure  are  present  under  sucli  conditions,  but  the  rela- 
tions of  rise  and  fall  to  the  phases  of  respiration  are  reversed. 
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CHAPTER  XXXVI. 

THE    CHEmCAL  AND   PHYSICAL   CHANGES   IN   THE 
AIR  AND  THE  BLOOD  CAUSED  BY  RESPIRATION. 

The  Inspired  and  the  Expired  Air. — ^Tbe  inspired  air,  atmot- 
pheric  air,  varies  in  composition  in  different  places.  The  eowntiat 
constituents  from  a  physiological  standpoint  are  the  axygm, 
nitrogen,  and  carbon  dioxid.  The  new  elements — aigon,  krypton, 
etc. — have  not  been  shown  to  have  any  physiological  Bignificanoe, 
and  are  included  with  the  nitrogen.  The  accidental  constituents 
of  the  air  vary  with  the  locahty.  In  average  figures,  the  cotmpos- 
tion  of  this  air  is,  in  volume  per  cent. :  nitn^en,  79;  oxygen,  20.96; 
carbon  dioxid,  0.04.  The  expired  air  varies  in  compositaon  with 
the  depth  of  the  expiration  and,  of  course,  with  the  composition  of 
the  ur  inspired.  Under  normal  conditions  the  expired  air  ctmtains, 
in  volume  per  cent.:  nitrogen,  79;  oxygen,  16.02;  carbon  dioxid, 
4.38.  In  passing  once  into  the  lungs  the  air,  therefore,  gains  4.34 
volumes  of  carbon  dioxid  to  each  himdred,  and  loses  4.94  vcduma 
of  oxygen. 

N.  O.  OV 

Inspired 79  20.96  0.04 

Expired 79  16.02  4.88 

4.94  4.34 

This  table  expresses  the  main  fact  of  external  respiration:  the 
respired  air  loses  oxygen  and  gains  carbon  dioxid  and  consequently 
the  blood  absorbs  oxygen  and  eliminates  carbon  dioxid.  It  will  be 
noted,  also,  that  the  volume  of  oxygen  absorbed  is  greater  than  the 
vo'urae  of  carbon  dioxid  given  off.  This  discrepancy  is  explained 
by  the  general  fact  that  the  oxA'gen  absorbed  is  uiaed  in  the  long  nm 
to  oxidize  the  carbon  and  also  the  hydrogen  of  the  food;  conae- 
({uently,  while  must  of  it  is  eliminated  in  the  expired  air  as  carbon 
dioxid,  some  of  it  is  excreted  as  water.  For  the  sake  of  complete- 
ness it  may  be  stated  that  traces  of  hydrogen  and  methane  are  also 
found  in  the  expired  air.  They  probably  originate  in  the  intestines 
from  fermentation  processes  and  are  carried  off  in  solution  in  the 
blood. 

Physical  Changes  in  the  Expired  Air.^The  expired  air  is 
warmed  nearly  or  quite  to  the  body  temperature  and  is  nearly 
saturated  with  water  vapor.  Since,  as  a  rule,  the  wr  that 
inspire  is  much  cooler  than  the  body  and  is  far  from  being  saturated 
with  water  vapor,  it  is  evident  that  the  act  of  respiration  entails 
upon  the  body  a  loss  of  heat  and  of  water.    Breathing  is,  in  fact, 
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ae  of  the  means  by  which  the  body  temperature  is  regulated, 
Although  in  man  it  is  a  subsitliary  means.  In  other  animals — the 
dog,  for  instance — panting  is  a  ver\'  im]Kirtant  aiti  in  controlling  the 
body  heat.  Heat  is  lo.st  in  respiration  not  simply  in  wamiing  the 
air  in  the  air  passages,  but  also  by  the  eva|x>ration  of  water  in  the 
alveoli,  the  conversion  of  water  from  the  liquid  to  the  gaseous  form 
being  attended  by  an  absorption  of  heat.  Breathing  is  also  one 
of  the  means  by  which  the  water  contents  of  the  boil\'  are  regidated. 
The  water  that  we  ingest  or  that  is  formed  within  llie  botly  is  kept 
within  certain  limits,  and  tliis  regidation  is  effected  by  the  secretions 
of  urine  and  sweat  mainly,  but  in  part,  also  by  the  constant  loss  of 
water  from  the  blood  as  it  passes  through  the  hmgs. 

The  Injurious  Effect  of  Breathing  Expired  Air — Ventila- 
tion.— It  is  generally  recognized  that  in  badly  veiitilatetl  rooms  the 
air  acquires  a  disagreeable  otlor,  perceptible  esj>eciaily  immediately 
on  entering,  and  that  persons  remaining  imder  such  conditions  for 
any  length  of  time  suffer  froiii  headache,  depression,  and  a  general 
feeling  of  imcomfortAltleness.  It  has  l:>een  assumed,  although 
without  sufficient  proof,  that  these  effects  are  due  to  the  vitiation  of 
the  atmosphere  by  the  expired  air.  When  the  ventilation  is  ven' 
imperfect  and  the  room  greatly  crowded  death  may  result,  aa,  for 
instance,  in  the  historical  case  of  the  Black  Hole  of  Calcutta.  In 
extreme  cases  of  this  latter  kind  it  is  most  jirobable  that  several 
causes  combine  to  prmluce  a  fatal  result.  The  conditions  are  such 
as  to  lead  to  a  ver\'  large  increase  in  carlxin  dioxid  and  dinunution 
of  oxygen  iu  the  respired  air — a  result  which  earrietl  to  a  certain 
point  will  itself  cause  death;  and  in  addition  the  air  becomes 
heated  to  a  high  temperature  and  saturated  with  water  vapor, 
both  of  these  latter  conditions  [)reventing  loss  of  heat  from 
the  body  and  jiroducing  a  fever  teniperutufe.  Under  the  or- 
dinary conditions  of  life  poor  ventilation  prochices  its  ob- 
viously evil  results  iu  rooms  temporarily  occupied — schools, 
churches,  lectxire  rooms,  theaters,  etc., — and  it  is  important  to  know 
what  is  the  cause,  and  how  it  may  be  avoided.  On  the  basis  of  older 
work  it  has  been  assumed  that  there  is  present  in  the  expired  air  a 
volatile  organic  substance  which  when  breathed  again,  possibly  after 
having  undergone  some  further  change,  exerts  a  toxic  influence.  The 
evil  effects  of  badly  ventilated  rooms  have  been  attributed  mainly 
to  tliia  supposed  substance.  I'l. fortunately  the  investigations  that 
have  been  made  upon  this  substance  are  not  altogether  conclusive.* 
It  seems  to  beclear  that,  when  the  expired  air  is  condensed  bypass- 
ing it  into  a  cooled  chand»er,  the  water  thus  obtained,  al»out  100 
c.c.  for  2500  liters  of  air,  is  clear,  odorless,  and  has  only  a  minute 

♦See  Haldane  and  Smith,  "Journal  of  Patliolo^fj-  ami  Bacteriology, '♦ 
1,  Itt8and318.  1893;  Merkel,  "Aniiiv  f.  HvRit-np,"  1.1,  1,  1892;  Formdnek, 
"Afchiv  f.  Hygiene/'  38,  1,  1900;  WeichiirJt,  ibid.,  65,  252,  1S08. 
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trace  of  organic  matter.  If  this  liquid  with  or  without  condeiH 
sation  is  injected  under  the  skin  or  into  the  blood-vessels  no 
evil  result  follows,  according  to  the  testimony  of  the  majority  of 
observers.  But  it  reniains  possible,  of  course,  that  the  substance 
if  present  may  be  destroyed  by  this  method  or  may  escape  precipi- 
tation in  the  condensed  water.  The  experiment  that  gives  the 
most  positive  indication  of  the  existence  of  an  organic  (basic)  poison 
in  the  expired  air  is  the  following,  first  performed  by  Brown- 
S^quard :  A  series  of — say,  five — ^bottles,  each  of  a  capacity  of  a 
liter  or  more,  are  connected  together  in  train  so  that  air  can  be 
drawn  through  them  by  an  aspirator.  A  live  mouse  is  placed  In 
each  bottle,  and  between  bottles  4  and  5  an  absorption  tube  is  ar- 
ranged containing  sulphuric  acid.  Under  these  conditions  only  Uie 
mouse  in  bottle  1  gets  fresh  air,  those  in  the  successive  bottles  get 
more  and  more  impure  air,  while  in  bottle  5  this  air  is  puiified  to  the 
extent  of  removing  the  organic  matter  by  passing  it  through  sul- 
phuric acid.  The  result  of  such  an  experiment  as  described  by 
some  observers  is  that  the  mouse  in  bottle  4  dies  after  a  certam  num- 
ber of  hours,  the  one  in  bottle  3  later,  while  those  in  the  first  and 
last  bottles  show  no  injurious  effects.  The  obvious  conclusion  is  thai 
death  in  such  cases  is  due  to  some  oiganic  toxic  substance,  and  not 
to  a  mere  increase  of  carbon  ilioxid,  chemical  anal3rsis  showing  that 
this  latter  substance  does  not  accumulate  sufficiently  under  these 
conditions  to  cause  a  fatal  result.  Some  other  observers  have  failed 
to  get  this  effect,  but  even  assuming  it  to  V)e  correct  it  will  be  noted 
that  the  exjieriinent  gives  no  proof  that  the  organic  substance  in 
(piestion  is  exfrct^nl  in  the  expired  air.  Indeed,  the  seemingly 
ver>'  careful  ex|)eriinents  of  Fornuinek  make  it  probable  that  in 
these  ex}XTiments  the  toxic  substance  is  ammonia  or  an  ammonia 
roni|)oun<l,  which  is  not  given  off  from  the  lungs,  but  from  the  decom- 
jwsition  of  the  urine  and  feces  in  the  cage.  When  this  latter  source 
of  contaniiiKition  is  removed  the  expired  air  is  practically  free 
from  anunonia  and  without  injurious  effect.  The  expired  ait 
therefore,  according  to  work  of  this  character,  contains  no  organic 
I)oison  which  can  l)c  regarded  as  a  product  of  respiration. 

Some  ()l)sorvers  (Hermann,  Haldane,  and  Smith)  have  made 
(•.ireful  exjx'rijnents  ujK)n  men  which  also  seeni  to  throw  much 
doubt  upon  the  existence  of  a  toxic  substance  in  expire<l  air.  In- 
«hvi«i\ials  kept  in  a  confined  space  for  a  numljer  of  hours  show  noe\"il 
effects  except  when  the  accumulation  of  the  carlxjn  dioxid  h»f 
reache<l  a  concentration  of  over  4  per  cent.  At  this  concent ratioo 
rapid  l)reathin^  is  apparent,  and  if  it  rises  to  10  per  cent,  great 
distress  is  felt  and  the  face  becomes  congested  and  blue.  These 
authors  conclude  that  expired  air  is  injurious  in  itself  only  from 
xhv  carbon  dioxid  it  contains,  and  not  because  of  any  special 
poison.     .\-  oppose*!  to  these  negative  results,  Weichardt  reports 
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series  of  experiments  upon   mit-e  in   whirh  the  expired  air 

f  a  numljer  of  animals  was  passed  through  aciduhited  wuter, 
d  the  latter  was  then  condensed   in    a    vacuum  to  a  small 

olume  and  neutralized.  When  injected  into  a  fresh  animal  this 
aterial  brought  on  a  soporific  contlition,  fall  of  body  tempera- 
ture, and  diminution  in  output  of  carbon  dioxid.  The  author  ex- 
plains these  results  on  the  assumption  that  some  of  the  so-called 
fatigue-toxin  (kenot<^ixin)  is  excreted  by  way  of  the  lungs,  and 
he  lielieves  that  the  known  depressinjS!  effects  of  poor  ventilation 
are  an  expression  nf  {he  action  of  this  substance.  This  latter 
Work  needs  confirniatioo  auti,  at  ]>respnt.  the  defioitcly  known  evil 
ults  of  breatliing  the  air  of  crowded, [joorly  ventilated  i-ooms  must 
;|>e  referred  to  other  possible  causes,  such  as  the  increa'^e  in  temj>er- 
Bture  and  moisture^  These  two  condztioiis  cause  depi^ssion  and 
malaise  even  when  an  adequate  supply  of  air  is  pro\n<lcd.  It  is 
possible,  also,  that  the  material  given  off  from  th<'  skin  in  the  per- 
spiration, sebaceous  secretions,  etc.,  may  account  sufficiently  for 
the  odor  and,  possibly,  also  for  some  of  the  genera!  evil  effects.  If 
the  ventilation  is  sojMJor  that  the  carlnnv  iiioxid  accumulates  to  the 
extent  of  'i  to  4  per  cent.,  then  this  factor  begins  to  exercise  a  direct 
effect  uixm  the  res{)iratory  mcjvcments  and  the  general  condition, — 
an  effect  which  increases  as  the  percentage  of  carbon  dioxid  rises. 
Ventilation. — It  is  obvious  from  the  foregoing  statements  that 

ur  knowledge  is  not  yet  sufTiciently  complete  to  enal>le  us  to  say 
litively  at  what  point  air  in  a  room  becomes  injurious  to  breathe, 

hether  from  products  of  expiration,  or  exhalation,  or  changes  in 
temperature  and  mt»isture.  The  statement  is  fretjuently  made  in 
the  books  that,  when  the  air  contains  as  much  as  1  per  cent,  of 
carbon  dioxid  (Smith)  that  has  been  produced  by  breathing,  evil 
results,  as  judged  by  one's  feehngs,  are  sure  to  occur,  but  the  ex- 
periments of  Haldane  and  Smith  seem  to  disprove  this  statement 
entirely.  The  practical  ndc  in  ventilation  is  to  keep  the  air  In 
chambers  as  nearly  as  possible  of  the  comix<sition  f>f  the  atmosphere 

utside.     Since  carbon  dioxid  is  tiie  constituent  of  (he  air  that  is 

ost  easily  determined  the  relative  purity  of  roona  air  is  judged 
nvenJently  by  quantitative  estimations  of  this  constituent.  Or- 
'dinary  atmospheric  air  contains,  on  the  average,  0.04  jier  cent. 
of  carbon  dioxid — that  is,  4  ])arts  to  l(J,O0t).  The  hygienists  main- 
tain that  the  ventilation  should  be  suiliciently  amjile  to  keep  the 
carbon  dioxid  t\o\yj\  to  6  parts  per  10,000,  thus  lea\ing  2  parts 
per  10,000,  0.02  vol.  per  cent.,  as  the  permis.sible  limit  of  vitia- 
tion by  breathing.  To  determine  on  this  ba.sis  the  amount  of 
air  necessary  for  each  jiei-son  the  following  formula  is  used: 
d  =  •  in  which  d  represents  in  litei-s  the  deliveiy  of  fresh  air  per 
;  e,  the  amount  of  t'0_,  expij-ed  per  hour  in  litei-s;  and  r  tiie 

itio  of  permi.ssil)le  vitiation  of  the  air  by  CO^.     Assuming  this 
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latter  factor,  in  accorflance  with  the  above  statement,  tooeequi 
to  0.02  per  cent,  and  e  to  be  equal  to  20  liters  per  hour  (5(IC: 
0.04  X  17  X  60),  the  vjilue  uf  d  is  etiual  to  100,000  liters  of  a 
per  hour  for  each  person.  The  ra|>idity  of  renewal  of  air  w 
flepend  naturally  upon  the  cubic  space  allotted  to  each  individui 
The  smallrr  this  space,  the  more  ample  rnuBt  be  the  ventilatic 
The  following  figures*  give  an  idea  of  the  values  adople^g 
ferent  condition."?. 

AMoti.vT  or  Ventiu*tiow         Cubic  Spac*  n 

PBR  Hock  psr  Pcii«on  Pckson  w  Cru 

IN  Cubic  Meters.  Mbtkuu 

BoqiitalB 60-100  30-50 

Priaons 50  25 

Factories 60-100  30^50 

Barracks 30-50  15-25 

Theaters 40-50  20-25 

Halls  am\  assembly  rooms 30-60  l.'i-SO 

St'hooL>* 15-20  7.5-10 

aa-ssrooms  for  adultB 25-30  12-15 

Systems  of  ventilation  which  have  held  in  \'iew  .simply  I 
object  of  niaintaininn  the  air  at  an  aiijiroxiniatcly  normal  co 
position  a.s  regards  the  oxygen  and  the  carbon  diivxid  have  i 
proved  entirely  satisfaetijry  in  prat^tical  use,  and  probtildy  fori 
rea.son  that  they  have  neglected  to  take  inte>  account  the  conditi( 
a.s  regards  temperature  and  moisture.  Laboratory  experimei 
tend  Ui  .show  that  indiviiluals  in  a  confined  space  may  rebreal 
air  until  its  composition  is  noticeably  altere^l  in  regard  to  1 
carbon  rlioxiti  anil  oxygen,  and  yet  no  distress  be  felt  if  provisi 
is  made  for  avoithng  a  rise  in  temperature  and  humiility,  and, 
the  other  han<l,  rooms  may  .seem  to  be  poorly  ventilated,  as  judj 
by  the  senjsations,  when  the  renewal  of  air  is  sufficient  to  previ 
an  ob\nous  change  in  itsga.setnis  eoni|X)sition. 

The  Gases  of  the  Blood. — The  gases  that  are  contained  in  ■ 
blood  are  oxygen,  earljon  dioxid,  and  nitrogen.  These  gases  n 
be  extracted  completely  and  in  a  condition  for  quantitative  anal) 
by  mearts  of  name  form  of  gas-pump.  The  principle  of  most  of  i 
gas-pump.-s  used  in  the  physiohjgical  iaboratories  is  the  same.  1 
apparatus  is  arranged  so  that  the  blood  to  be  examined  Ls  brouj 
into  »  vacuimi  while  kept  at  the  temperature  of  the  Ixxly.  Ua 
these  conditions  all  of  the  oxygen  and  nitrogen  and  part  of  the  c 
bon  dioxid  are  given  off  and  may  be  collected  by  suitable  mea 
A  portion  of  the  carbon  dioxid  pre.seiit  in  the  blood  is  in  such  sta 
combination  that  to  remove  it  it  may  be  necessary  to  add  so 
dilute  acid,  .such  as  phosphoric  acid.  This  porti(.>n  of  the  carh 
dioxid  is  designated  in  this  connection  as  the  fixed  carbon  diox 

The  nrinciple  of  the  gas  pump  may  be  explained  most  eaiiily  by  deacnli 
the  sijnple  form  devbed  ny  Grt^hant.     The  GHsential  parts  of  this  pump 

♦  Taken  from  lierge^' ,  "  T\\ft  VfwvtvAwb  ol  '^A.^j^cafc,"  Y5»^. 
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pump   for  exlnctinv  the   {CMea  of  blood    (Orikant) :     M  and    F, 
n;     r,  the  wiodlaas  fur  raising  aiul  lowerinK   M:  m,  a  three-way 


^^ prolectad  by  a  aakl  of  oisrcury  or  water;   C.  a  cup  with  mercury  over  whiofi 

ttke  Tceeiviac  et>diomet«r  w  i>laced  to  coUecl  the  RiiMett;  B,  the  bulb  Lo  wliicb.  after  a 
VarHtDn  ia  made,  the  blood  ia  intmduoed  by  (he  Rni<luated  ayriage,  ^.  By  maana  of  the 
^topeoek  ■>  the  vacuum  ia  F,  esuaed  by  tbe  fall  <•(  tlie  mercury.  «an  be  placed  ia  oommuni^ 
tetioo  with  B.  After  the  gaaea  have  aiffuac<l  over  into  F,  M  is  raued,  and  wban  the  atop- 
(ock  m  in  properly  turned  tbeae  K^^es  are  driven  nut  thmuxh  C  into  the  receivins  tube. 
Tbe  operation   u  repeate^i  until   do  mora  gna  ia  pren  o9  (mm   B. 

with  B,  the  nhambrr  of  thia  latter  b  biniunhf  under  the  inflm-nre  of  thf  vao- 
uum  and  any  Raaes  that  it  may  contoin  will  Ik-  disiributi.Kj  between  /fund 
F.  If  rtopcock  m  isagfUD  turiH-d  ofT  atiid  M  in  luisstKi,  thi>  gasc-^  in  F  wilt  bp 
"  nwd  af  its  upper  end,  anil  by  turning  the  stopcork  m  [jropcrly  these 
may  be  fcjrcetf  to  the  outajdc  by  way  of  C  or  may  be  cotlcnted,  if  d»»- 
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sired,  in  a  burette  filled  witli  mercury  and  inverted  over  the  opening  ftom 
F  containiHi  iit  ttie  Ijottom  of  C.     In  (.HTforrtiing  an  experiment  the  liuk 
if,  whici)  is  to  contain  t Jie  blood,  is  connected  witli  F ,  a.s  shown  in  tl>c  figuic, 
fljl  joints  beiiiR  proteeteti  from  leaka^  bv  a  weal  of  water  out^nide,  as  ahwni 
at  h,  which  represents  a  piece  of  wide  rubber  tubinp  filled  with  water  » ir 
to  protect  a  joint  between  two  pieces  of  glass  tui^ing.     B  us  next  cxliau-leil 
comjiletely  by  raining  and  lowering  M  a  luuiiber  of  time*  in  liie  w«v  desi'hW 
above  until  on  thrmvinp  H  into  communication  with  a  vacuum  in  f"  no  furtlier 
pas  is  civen  off.     The  ijvst  jiarticles  of  air  may  l»e  driven  out  from  B  by  boil- 
inp  a  httle  water  in  it.     Alter  a  complete  vacuum  lias  l)een  ei«tablLshea  id  fc 
a  measureil  amount  of  blood  is  introduceil  from  a  praduate<l  syringe,  .S,  w 
represented  in  the  figure.    This  blooil  must  U;  taken  liirectly  from  the  vesKk 
of  the  animal  and  ha  i!itro<luce<l  into  H  at  onte.     H  is  kept  immersed  in  witer 
at  the  tem|>erature  of  the  body,  and  the  bulb  3/  is  now  raise<l  and  lowerwl » 
number  of  timet^  so  that  the  gases  given  i>ff  from  the  bloo«l  are  drawn  over 
into  /•'  unii  then  by  projtcr  tnuni(>nlnlion  of  (he  slo|t-cock  :irc  driven  into 
a  burette  fastened  over  the  ojieninc;  of  the  1  ube  in  C,    To  drive  off  all  of  th€ 
carbon  dioxid  a  little  dilute  phosj)]ioric  acid  must  l>e  atlJed  lo  the  bloo<i  ifi 
B  by  means  of  the  sj'ringe,  S.    The  gai»es  thu.H  col]e4'teri  into  tlie  burette  ar« 
first  measured  and  are  then  onalyz^  for  the  three  inifxiitant  con.stiluei»v* 
by  some  of  the  acceptetl  gasometric  nletho<l^i.     Tlie  jjrinciple  involveii  l»  t* 
absorb  first  from  the  mixture  all  of  the  CO,  by  intro«hicii!g  a  .solution  of  sodio** 
or  potassium  hydrate.    The  reailing  of  the  ^■olmne  left  after  thLs  jibsor>)tit>*' 
is  complete*!  compare<l  with  the  first  readiag  gives  the  volume  of  CO,.    Nck:  *•• 
a  freshly  made  alkaline  ssolution  of  pyrogallic  acid  ia  intnxluted  into  thetut**^' 
This  solution  abiwrbs  all  of  the  oxygen,  whose  volume istlmsea.silydeiertiune*^*' 
The  gas  that  is  left  unabsorbed  after  the  action  of  the.se  two  «Dlutions  is  nitic:^^*^ 
gen.    The  volumes  of  gases  are  reduceil,  as  is  the  custom,  to  unit  pressi 
anil  tem|>erature, — thai  Ls,  to  zero  degree  i«ntigra<.ie  and  7tH)  inms.  Ijaromet 
pressure.     A  correction  miust  also  be  made  for  the  len.sion  or  pressure  exert 
ny  the  aqueous  vapor  in  the  gases.    These  corrections  are  niatle  l^y  in 
of  the  following  formula: 

V«  =  V(B-T) 

760  X  (1  +  0.003665 1) 

ia  which  F*  represents  the  corrected  volume,  V  the  volume  actually  oljserved 
B  the   barometric   height   at  the   time  and    place  of  the  ol^Hsrvalion, 
the  aqueous  tension  at  the  tem[>craiure  of  the  rcatliiig,  and  t  the  tennieratii 
in  degrees  centigrade. 

By  moans  of  siicli  methods  the  gases  in  the  lilood  have  been  d^ 
termined.  The  quantities  vary  somewhat,  of  course,  with  the  con 
ditions  of  the  animal  and  with  the  s}x?eies  of  animal.  In  a  quick 
analysis  of  dtjgs'  arterial  blood  made  by  Pfliiger  the  follo^\-ing 
figures  were  obtained  reckoned  in  volumes  per  cent.:  O,  22.6;  CO,, 
34.3;  N,  1.8.  In  this  case  each  100  c.c.  of  arterial  blood  contained 
22.6  c.c.  of  O  and  34.3  c.c,  of  COj  measured  at  O**  C.  and  760  nmis. 
Hg.  An  analysis  of  human  blood  (8etschcnow)  gave  closely  similar 
figures;  O,  21.6  per  cent.;  CO,,  40.3  percent.;  and  N,  l.Operccnt. 
When  the  arterial  and  the  venous  blooils  are  compared  it  is  found 
that  the  venous  blood  has  more  earlxin  dioxid  and  less  oxA-gen. 
A  seepage  figures  showing  the  difference  in  composition  are  as  follows; 

O.  CO^  N. 

Arterial  blood 20  SB  1.7 

Venous  blood 12  45  1.7 

Difff^rence .~8  ~7 
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Tie  actual  amounts  of  oxygen  and  carbon  dtoxid  in  the  venous 
blood  van-  with  the  nutritive  activity  of  the  tissues,  and  differ 
thenfore  in  the  various  organs  according  to  the  state  of  activity  of 
«ch  oigan  in  relation  to  the  volume  of  ita  blood  supply.  This 
point  is  well  illustrated  by  some  analyses  made  by  Hill  and  Na- 
buTO*  of  the  gases  in  the  venous  blood  from  the  brain  and  the 
muscles,  respectively.  Their  average  results  when  both  tissues 
were  at  rest  were  as  follows: 

OxTOBK,  Cabbom  Dioxid, 

^■tout  blotxl  from  limbs  (femornl) ....   G.34  ikt  cent.         45.75  per  cent 
"         "     brain  (torcular)  ...13.49     "      "  41.65     "      " 

It  will  be  seen  that  under  similar  conditions  there  is  much  less 

oxygen  used  and  carbon  dioxid  formed  in  the  brain  than  in  the 

Bmbe  (muscles).     In  the  former  organ  the  physiological  oxidations 

flJUst  either  be  small  compared  with  those  of  the  muscles,  or  the 

brain  tissues  receive  a  relatively  ample  supply  of  blood,  so  that  the 

tissue  metabolism  has  less  effect  upon  the  blood  composition.    The 

^♦enous  blootl  as  it  comes  to  the  lungs  is  a  nuxture  of  bloods  from 

r^erent  organs,  and  its  composition  in  gases  will  be  constant  only 

l^^^  the  conditions  of  the  body  are  kept  uniform.    Much  work 

"'^  been  done  in  physiologj'  to  deteriiiine  the  condition  in  which 

"1^®^  various  gases  are  held  in  the  blood.     The  results  obtained 

^^Vv  that  they  are  held  parti}'  in  solution  and  partly  in  chemical 

^P'*^*bination.    To  understand  the  part  played  by  each  factor  and 

T*^  conditions  that  control  the  exchange  of  gases  in  the  hmgs  and 

"*®^iie8  it  is  necessary  to  recall  some  facts  regarding  the  physical 

^^l  chemical  proj^erties  of  gjuses. 

^     The  Pressure  of  Gases  and  the  Terms  Expressing  these 

*"essures. — The  air  around  us  exists  under  a  pressure  of  one 

f^^tnosphcre  and  thi.?  [>i-e9.siire  is  expressed  usually  in  terms  of  the 

^^ight  of  a  coluniu  4if  nitTcury  that   it  will  support, — namely,  a 

'^^lumn  of  7r>t)  riinis.  Hg.  which  i.s  known  as  the  normal  barometric 

■priEKsure  at  sea-level.    Air  is  a  rnixtin-e  of  f»ases,  and  acconling  to  the 

Qiei'hanicat  theorv'  of  ga.s-pre-ssiire  each  con.stituent  exerts  a  pre.ssure 

Correspond iny;  to  the  proportioti  of  that  ^as  jirc-^ent.     In  atmn.sj)heric 

air,  therefore,  the  oxygen.  Iieiun  present  to  the  extent  of  20  per 

eoit..  exerts  a  pressure  of  i  of  an  atmosphere  or  ^  •■  760    -  152 

moos.   Hg.     When  we  speak   of  one  atmospliere  of  gas  pressure. 

therefore,  we  mean  a  pi-e.ssure  equivalent  to  760  mms.  Hg.  and  in 

any  given  mixture  the  i)ressure  exerted  by  any  rnn.stitiient  may 

be  expressed  in  percentages  or  fraction.^  of  an  atmo.sphere,  or  in  the 

equivalent  height  of  the  menury  column  whicii  it  will  support. 

Absorption  of  Gases  in  Liquids. — When  a  gas  is  brought  into 
contact  with  a  liquid  with  which  it  does  not  react  chemically  a 
certain  numl^er  of  the  moving  gaseous  molecules  i>enetrate  the 
♦  Hill  and  Nalmrro,  "  .Foumal  of  Phy.-ioloKj,"  18,  218.  1895. 
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liquid  and  become  dissolved.    Some  of  these  dissolved  molecules 
escape   from   the  water  from   time  to   time,  again    becoming 
gaseous.    It  is  evident,  however,  that  if  a  liquid,  water,  b  brou^t 
into  contact  with  a  gas  under  definite  pressiue, — that  is,  containing 
a  definite  number  of  molecules  to  a  unit  volume, — an  equilibrium 
will  be  established.    As  many  molecules  will  poietrate  the  liquid 
in  a  given  time  as  escape  from  it,  and  the  liquid  will  hold  a  d^iiite 
number  of  the  gas  molecules  in  solution;  it  will  be  saturated  for 
that  pressure  of  gas.    If  the  pressure  of  the  gas  is  increased,  how- 
ever, an  equilibrium  will  be  established  at  a  higher  level  and  mme 
mole<'ules  of  gas  will  be  dissolved  in  the  liquid.     Experiments  have 
shown,  in  accordance  with  this  mechanical  conception,  that  the 
amount  of  a  given  gas  dissolved  by  a  given  liquid  varies,  the  iesaper- 
ature  remaining  the  same,  directly  with  the  pressure, — that  is,  it  in- 
creases and  decreases  proportionally  with  the  rise  and  fall  of  the 
gas  pressure.    This  is  the  law  of  Henry.    On  the  other  hand, 
the  amount  of  gas  dissolved  by  a  liquid  varies  inversely  with  the 
temperature.    It  follows,  also,  from  the  same  mechanical  views 
that  in  a  mixture  of  gases  each  gas  is  dissolved  in  proportion 
to  the  pressure  that  it  exerts,  and  not  in  proportion  to  tl^  pressure 
of  the  mixture.    Air  consists,  in  round  numbers,  of  4  parts  of  N  and 
1  part  of  O.    Consequently,  when  a  volume  of  water  is  exposed  to 
the  fur  the  oxygen  is  dissolved  according  to  its  "partial  preasure," 
— that  is,  under  a  pressure  of  ^  of  an  atmosphere  (152  nuns.  Hg). 
The  water  will  contain  only  ^  as  much  oxygen  as  it  would  if  exposed 
to  a  full  atmosphere  of  oxygen — that  is,  to  pure  oxygen.    And,  on 
the  other  hand,  if  water  has  \>een  saturated  with  oxygen  at  one 
atmosphere  (760  nuns.)  of  pressure  and  is  then  exposed  to  air. 
four-fifths  of  the  dissolved  oxygen  will  be  given  off,  since  the  pressure 
of  the  surrounding  oxygen  has  been  diminished  that  much.    Ab- 
sorption cocfjicienL    By  this  term  is  meant  the  number  that  e.\- 
presses  the  proportion  of  gas  dissolved  in  a  unit  volume  of  the  liquid 
under  one  atmosphere  of  pressure.    The  absorption  coefficient  will 
var>',  of  course,  with  the  temperature.    The  gases  that  interest  us 
in  this  connection  are  oxygen,  nitrogen,  and  carbon  dioxid.    The 
aI)8ori)tion  coefficients  of  these  gases  for  the  blood  at  the  tempera- 
ture of  tlie  IhmIv  are  as  follows:  O.  0.0262;  N,  0.0130:  CO...  0.5283.* 
That  is.  1  0.0.  of  blood  at  IhkIv  toniiwrature  dis-solves  0.0262  of 
1  c.c.  of  oxygen  if  exposed  to  an  atmosphere  of  pure  oxygen,  and 
so  on.  The  solubility  of  the  CO,  is  therefore  twenty  times  as  great 
as  that  of  oxygen.    Accepting  these  figures,  we  may  calculate  how 
much  of  these  three  gases  can  be  held  in  the  arterial  blood  in  physical 
solution,  provideil  we  know  the  pressure  of  the  gases  in  the  aJveoli 
«*f  the  lungs.    The  com{X)8ition  of  the  alveolar  air  will  be  discussed 

*  Ah  Kivi'H  hy  Rolir,  the  abnorntion  coeffiripntJi  of  theoe  three  naM  at 
■lir  ('.  an>  AM  follown:  Oxygpn.  0.0231;  nitrogen,  0.0118;  carbon  dioxid.  O.i90L 
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farther  on,  but  we  may  assume  at  present  that  it  contains  HO  per 
cent,  of  nitrogen,  15  per  cent,  of  oxygen,  and  5  per  cent,  of  carbon 
dioxid.  In  lOO  c.c.  of  blood,  therefore,  the  following  amounta  of 
theee  gases  should  be  held  in  solution: 

t              Nitrogen 100X0  013    X  O.HO  =  1.04    c.c. 
Oxygen 100  X  0.0262  X  0.15  =  0.393   " 
Carbon  dioxid 100  X  0.5283  X  0.05  ==  2.64      " 
As  wall  be  seen  from  the  analyses  given  above  of  the  actual  amoiints 
of  these  gase-s  obtained  fnim  the  blood,  the  nitrogen  alone  is  present 
in  quantities  corresponding  to  what  would  be  expected  if  it  ia 
^.iield  in  simple  physical  sohjtion, 

HT  The  Tension  or  Pressure  of  Gases  in  Solution  or  Combi- 
nation.— When  a  gas  is  held  in  solution  the  equilibrium  is  de- 
stroyed if  the  pressure  of  this  gas  in  the  surrounding  medium  or 
atmosphere  is  changed.  If  this  pressure  is  increased  the  liquid 
takes  up  more  of  the  gas,  and  an  equilibrium  is  established  at  a 
liigher  level.  If  the  pressure  is  decre.ase<l  the  liquid  gives  off 
some  of  the  gas.  That  jtressure  of  the  gas  in  the  surroimding 
atmosphere  at  which  equilibrium  is  established  measures  the  tension 
of  the  gas  in  the  liquid  at  tliat  time.  Thus,  when  a  ImjwI  of  wat^?r  ia 
exposed  to  the  air  the  tension  of  the  oxygen  in  .solution  is  152  nuns. 
Hg;  that  of  the  nitrogen  is  608  mms.  Hg.  If  the  .same  water  is 
exposed  to  pure  oxygen  the  tension  of  the  oxygen  iei  sukition  is 
equal  to  76U  mms.  Hg,  while  that  of  the  nitrogen  sinks  to  zero 
if  the  gas  that  is  given  off  from  the  water  is  removed.  With 
compounds  such  as  oxyhemoglobin  the  tension  under  which  the 
oxygen  is  held  is  measured  by  the  pre.'ssure  of  the  gas  in  the  sur- 
rounding atmosphere  at  wliich  the  compound  neither  takes  up  nor 
gives  off  oxygen.  If,  therefore,  it  is  necessary  to  determine  the 
tension  of  any  gas  held  in  solution  or  in  tlissociabie  combination  it  is 
sufficient  to  determine  the  percentage  of  that  gas  in  the  siurountiing 
atmosphere  and  thus  ascertain  the  partial  pressure  tliat  it  exerts. 
^bf  the  atmosphere  cnnlairis  5  per  cent,  of  a  given  gas  the  partial 
^^ressure  exerted  by  it  is  equal  to  38  mms.  Hg  (760  •:  0.()5),  and 
this  figure  expre.s.ses  the  tension  under  which  the  ga.s  Ls  hekl  in 
^ution  or  comlnnation  in  a  liquid  exposed  to  such  an  atmosphere. 
Aa  regards  the  tension  of  the  gases  in  art^^rial  and  venous  blood, 
this  procedure  is,  of  course,  not  possible,  since  the  blood  ia  sur- 
>undcd,  not  by  an  atmosfthere  whose  composition  can  be  analyzed, 
it  by  the  liquids  of  the  body,  the  lymjjh  and  cell  juices.  To 
Bitermine  the  tension  of  the  gases  in  the  blood  it  is  necessarj'  to 
love  the  bloo<|  fnim  the  vc-ssels  and  bring  it  into  contact  with  an 
losphere  containing  a  known  quantity  of  O,  CO,,  or  N,  according 
the  gas  to  be  measured.     By  trial  an  atmosphere  can  be  obtained 
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in  which  this  gas  is  coutaitu'cl  in  iiiiitHints  surh  that  there  i;-  no 
marked  increase  or  decrease  in  quantity  after  stamiing  in  diffusum 
relations  with  the  l)lood.  The  percentage  of  the  gas  in  the  atmo- 
sphere chosen  will  tnt^asure  tlie  tension  of  that  gas  in  the  l)l(x»il. 
An  instrument  which  has  hei^n  much  used  for  such  dctenninatioiLS 
is  represented  diagramniaitcally  in  Fig.  274.     It  is  known  as  an 

aerotonometer  (Pfhigeri.     It  con- 
sists of  a  tube  (.4)  which  can  lie 
connected  through  b  directly  ffith 
the  blood-vessels.    This  tube  .■lis 
suiToun<led  by  a  jacket  (C)  con- 
taining warm  water,  so  that  the 
liluod  may   lie  kept  at  the  IkxIv 
teiniHTature    during    the    expri- 
nieiit.     .4  is  first  completely  fillwl 
with  mercury  from  the  bulb  3/ to 
drive  out  tiic  air.     An  atinosplu're 
of    known    romp<jsition    is    tlicn 
suf'ked   into   ..4    by    dropping  tb* 
bulb.     Blood    is  allowed   to  flo^ 
into  A  through  the  stopcock  b  ar»^ 
to  trickle  down   the  sides  of  tt^^ 
tube.     Diffusion  relations  are  ^-^ 
up   between    the   blood   and  tt^ 
known  atmosphere,  and  aft^er  eqL^*-*' 
librium   has  been  estabUshed  tK^^' 
gas  is  driveir  out  through  a  into 
convenient  receiver  aiul  ajialyxec^^ 
If  two  aerotonometers  are  uset"^^ 
one  containing  the  gas  at  sorai 
what   higher    i)ressure   than   th 
expected,  and  the  other  at  asom< 
what  lower  pressure,  an  avi 
n'sult  is  obtained  which  expi 
with  sufficient  accuracy  the  pn- 
sure  of  the  given  gas  in  the  bloo<l^ 
It  is  important  not  to  confus^ 
the  tension  at  which  a  gas  is  helcC^ 
in  a  liquid  with  the  volume  of  th^ 
gas.     Thus,  blood  exposed  to  the  air  eontains  its  oxygen  under  ^ 
tension  of  152  mms.  Hg,  but  the  amount  of  oxygen  is  P(|ual  to  20 
volumes  per  cent.     Water  exposed  tn  the  air  contains  its  ox>gen 
under  the  same  tension,  but  the  amount  of  gas  in  solution  is  less 
than  1  volume  pt/r  cent.      Tension.s  of   gases  in  liquids  are  ex- 
pressed either  in  percentages  of  an  atmosphere  or  in  inillimeters 


Fie.  274. — DiaKnm  to  «how  the 
principle  of  the  aerotanotiieter:  A,  Tti« 
tube  cantaiaiDa  a  known  tnLxture  of 
naw,  O,  OO^,  N;  C,  tht>  outsiije  jacket 
for  maintaiamK  a  connuuit  botly  tem- 
peratui*.  Whnn  Htopcoek  b  in  open 
the  blood  trickles  (li>wn  the  sides  ot  A 
and  enten  into  rlifru-Hiiin  relatinnn  with 
the  oontoined  gn^«.  After  C(;uilihr)um 
ia  reached  (he  .stojKcwk  u  m  rlc>«<l  and 
a  is  opened.  B)*  mean."  of  the  mer- 
cury bulb  the  KOfen  can  llien  be  ffirceil 
out  of  A  intii  a  etiituhlc  n-eciver  tf>r 
aniUyHi.^. 
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ol  mprcury.  Thus,  the  tension  of  oxygen  in  arterial  bltHxl  is  found 
to  hv  equal  to  about  13  per  cent,  of  an  atmosphere  or  100  nmis. 
Hg.  (760X0.13). 

The  Condition  and  Significance  of  the  Nitrogen. — Wo  may 
accept  tlie  view  tliat  the  nitrogen  <if  tlie  blood  is  hold  in  physical 
solution.  The  amount  present  eorrespond^  with  this  view,  and, 
moreover,  it  is  fournl  that  the  (juanlity  varies  ilireetly  with  the 
pressure  in  accordance  with  the  law  given  above.  If  an  animal 
is  permitterl  to  breathe  an  atmosphere  of  oxygen  and  hydrogen 
the  nitrogen  disa]>pears  from  tiie  blood,  and  when  ordinary  air  is 
breathed  the  nitrogen  eontents  of  the  arterial  antl  venous  bloods 
exhibit  no  constant  difference  in  quantity.  It  seems  certain,  there- 
fore, that  the  nitrogen  plays  no  direct  nMe  in  the  physiological  pro- 
cesses. It  is  al>sorbed  Ijy  the  blood  in  proportion  to  its  partial 
pressure  in  the  alveoli  of  the  hing.«;  and  circulates  in  the  btoftd  in 
small  amountii  without  exerting  any  immediate  intluenre  upon  the 
ti.ssuesi. 

Condition  of  Oxygen  in  the  Blood. — That  the  oxygen  is  not 
held  in  the  blood  merely  in  solution  is  intlieated,  in  the  first  place, 
by  the  lai^ge  quantity  present  an<l,  in  the  second  place,  by  the  fact 
tliat  tliis  quantity  does  not  vary  directly  with  the  pressure  in  the 
surrounding  medium.  It  Ls  definitely  known  that  by  far  the  largest 
Ix)rtion  of  the  o.xvgen  is  held  in  chemical  combination  with  the 
hemoglobin  of  the  red  corpuscles,  while  a  much  smaller  portion, 
varying  with  the  pres-sure,  is  held  in  solution  in  the  pla.sma.  Tlie 
compound  oxyhemoglobin  poKsesses  the  imjxjrtant  property  that 
when  the  pressure  of  oxygen  in  the  surroimding  medium  falls  suffi- 
ciently it  begins  to  t !i.s.st)ciate  and  free  oxygen  is  given  off.  The  proc- 
ess of  dissociation  is  facilitated  also  by  increase  of  temperature, 
provided,  of  course,  that  it  does  not  rise  to  the  j>oint  of  coagulating 
the  hemoglobin.  The  amount  of  dissociation  that  takes  place  under 
different  pressures  of  oxygen  in  the  surrounding  medium  has  been 
studied  both  for  solutions  of  pure  hemoglobin*  and  for  defibrinated 
blootbt  It  woiiht  seem  frfun  recent  work  that  the  compound 
between  oxygen  and  hejuoglobin  is  more  easily  dissociated  when  the 
hemoglobin  is  in  its  natural  condition  in  the  corpuscles  than  when  it 
has  been  crystallized  out  and  obtained  in  pure  solutions.  The  re- 
sults that  have  been  obtained  from  experiments  upon  tiefil>rinated 
blood  probably  re|ifesent.  therefure,  more  nearly  the  cotulitions 
of  dissociation  in  the  liody.  The  results  obtained  l>y  Bohr  are 
indicated  in  the  curve  of  dissociation  shown  in  Fig.  275,  obtained 
from  experiments  on  ring's  blood.  At  a  pressure  of  oxygen  of 
nuns. — that  is,  when  exposed  to  ordinary'  air — the  hemoglobin 

•  HQfner,  "  Arehiv  f.  Physiologif,"  Hiippl.  volume,  1001,  p  SI."}. 
t  Lofwy.  "Arehiv  f.  PhysioloRif,"  Ht04,  p.  245. 
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is  nearly  or  completely  saturated  with  oxygen.  If  the  oxj'gen 
pressure  is  im^reaseii,— if,  for  instance,  tlie  hlo<xl  is  exposed  to  pure 
oxygen  (pressure,  7G(t  ninis.), — no  more  oxygen  is  combined 
chemically  by  the  hemoglobin.  Additional  oxygen  •will  be  taken 
up  by  the  bloo<J,  l>iit  only  in  so  far  as  it  can  pass  into  solution  in  tlie 
bloocl-phusma,  Ox>'gen  thus  dissolved  in  the  blootl-plasma  ol)ey5 
the  physical  law  of  solution,  and  will  be  at  once  given  off  when  ilic 
oxygen  prej>sure  of  the  .surrouniting  medium  i.s  lowered.  If  (he 
pressure  of  oxygen  falls  Ijelow  that  of  the  air  (152  mms.)  the  chemi- 
cally combined  oxyhemoglobin  begins  to  dissociate  slowly  at  first, 
but  as  the  pressure  falls  liclow  70  mms,  the  di.S80ciation  becom« 
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FIf .  276  — Cun-es  nl   (iifwociaUon   of   th»  oxyhemoKlobin   at   diffnvnt 

ffOrgrn.     Kivr  nirvoi  mn  rtiown  to  indiratr  that   the  dis«oeiktion  of  th«  0%,. 
KTMtly  influenced  by  the  preMne*  of  COt.     'Hie  (igurai  aJonc  the  ordinaMi  (lOtoj 
lBdie*t«  percnitaKn  of  wturktion  of  the  hemodobin  with  azycpn.  while  Ui«  fifura  • 
tb«  ■tuiriw  (0  to  100)  indinte  different  prranirM  of  oKygm.    The  nirtp  iii«rked  S  1 
0Oi  «bow*  the  amount  of  oombinatioo  oloxyaM  and  hemoflobin  when  it,*  CXJ|  I*  bL 
•r  pment  only  in  tnoM.      In  thU  curve  »»  a  prenurp  of  ."jn  mnid.  of  oxycro  it  will  be  I 
that  the  hriniiiclr.bin  i*  80  per  rent,  ealunifecl  with  oxy«rn.  while  with  a  piTMaie  ol  4*1  bum 
of  •X>i.  whirli  Bppraxinwte*  that  in  the  bixlj',  ihe  tieiiiui[lob<n  at  the  Mune  piwarp  <rf 
exyato  in  unly  60  per  cent.  PHtunited.      i.\fter  Bohr.) 


inurli  more  rapid,  and  the  oxygen  thus  lilxratetl  frt»m  chemical 
combitmtion  us  from  a  quantitative  stamlpoint  much  more  impor- 
tant than  that  freed  from  solution  in  the  plasma.  This,  in  fart, 
is  the  prtxes.s  that  takes  place  as  the  blood  circulates  throug;fa  Uif 
tissues.  The  nrterial  blcMxl  enters  the  capillariej^  with  its  hemo* 
globin  nearly  saturated  with  oxygen ,^al)out  19  c.c.  tocnrh  100 cf 
of  blood.  After  it  leaves  the  capillaries  the  venous  blood  coDtain* 
only  alwut  12  volumes  of  oxygen  to  each  100  c.e.  of  bkxxl.  In  the 
paflsage  of  the  capillaries,  which  takes  only  alxMit  one  w>cood. 
blood  loses,  therefore,  about  35  per  cent,  or  more  of  its  o 
The  physical  theor>'  of  respiration  furnishes  data  to  show  that  ihii 
kws  is  due  to  a  dissociation  of  the  oxyhemogtobin.  owing  to  the  fart 
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lat  in  passing  through  the  capillaries  the  blood  is  l>roup;ht  itito 
exchange  with  a  sunoiimlin^  nicdivini — lymph,  cell  liijuid — in 
which  the  oxygen  pressure  is  very  low.  A  fact  of  sulistdiary 
importance  in  this  connection  is  shown  in  the  curves  rej)rofluced 
in  Fig.  275.  It  will  be  noted  in  this  figure  that  the  dis^-sociation 
of  the  oxyhemoglobin  is  facilitated  by  an  increase  in  the  pre.s.sure 
of  the  carbon  dioxid.  In  the  tissues  where  the  oxyhemoglobin 
is  broken  up  there  is  always  a  certain  tension  of  carbon  dioxid, 
a  pressure  whirli  lies  somewhere  between  40  and  80  mm.s.  of 
mercury,  and  the  presence  of  this  gas  in  this  proportion  probably 
helps  the  dissociation  of  the  oxyhemoglobin  to  the  extent 
shown  by  the  curves  in  thi.s  figure. 

Condition  of  the  Carbon  Dioxid  in  the  Blood.^The  condition 
in  which  the  carbon  dioxid  is  held  in  the  blood  is  not  entirely 
understood.  It  hua  long  lieen  recognized  that  a  certain  small 
percentage  is  held  in  simple  physical  solution  in  the  plasma  and 
in  the  corpuscles,  and  that  a  certain  additional  amount,  much 
larger  than  the  preceding,  is  chemically  combined  with  the 
alkali  cf  the  blood  a.s  a  carbonate,  most  probably  as  a  bicarbonate 
(HNaCOj,).  It  has  been  .suggested,  in  fact,  that  the  carbon  dioxid 
of  the  venous  blood  is  carried  chiefly  a.*?  a  bicarbonate  and  that 
in  passing  through  the  lungs  this  compound  gives  off  some  of 
its  carbon  dioxid  and  is  converted  into  a  carbonate,  according 
l^  the  equation  2HNaC0.,=- NajCOj-t- CO,  +  H,0.  It  is  known, 
however,  that  an  aque<nis  .solution  of  bicarbonate  of  soiia  does 
not  give  off  carlxm  dioxiil  when  exposed  to  low  pre.ssures  of 
the  gas  with  anything  like  the  facility  shown  by  blood.  Con- 
sequently it  was  further  a.ssumed  that  the  proteins  of  blood, 
acting  like  weak  acids,  tend  to  combine  with  the  alkali  and  that 
this  additional  factor  suffices  to  explain  the  relative  ease  with 
which  the  bicarbonate  as  it  exists  in  blood  breaks  up  into  carbon 
dioxid  and  carbonate.  This  theory  hjus  not  proved  to  be  com- 
pletely satLsfactory.  Other  facts  tend  to  show  that  the  available 
alkali  of  the  blood  exists  as  bicarbonate  in  the  arterial  as  well  as 
in  the  venous  blood,  and,  indeed,  the  total  amount  of  the  alkali 
in  the  blood  in  combination  as  carbonate  or  phosphate  is  not 
sufficient  to  account  for  the  quantity  of  carbon  dioxid  normally 
present.  In  recent  years  an  additional  possibility  has  been 
suggested  by  the  discovery  (Bolir)  that  carbon  dioxid  forms 
&  dissociable  compound  with  hemoglobin  (p.  421),  and  the 
probability  that  a  similar  compound  may  be  formed  with  the 
proteins  of  the  plasma.  .Accepting  this  suggestion  it  would 
seem  that  the  carbon  dioxid  exists  in  the  blood  in  three  forms. 
The  amounts  present  in  each   form   is  estimated  by   Loewy* 


•Loewy,  "  Handbuch  d.  Diochemic,"  190S,  IV. 
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as  follows:  In  each  100  r.c.  of  arterial  Mootl.  containing  normally 
40  volume  per  cent,  of  carbon  dioxid,  thfT€-  is 

Physically  abeorbed  in  plasma  and  corpuscles, ...        .    1 .9  per  <vnl. 
HeIdaa«>diumbic^bonate{i;™J^'-;-;j5;5}..18.8    "      " 

Held  in  organic  combination  {  ^  ^^3»'-  ; ;  J;J  }  . .  19.3    -      ■ 

When  serum  or  plasma  is  exposed  to  a  vacuum  at  body  tein- 
peruture  only  a  portion  <if  the  rarlion  dioxid  is  given  off;  to 
obtain  the  balance  it  is  necessary  to  add  acid  to  the  liquid.  This 
latter  portion,  liberated  only  by  a  stronger  acid,  is  spoken  of  »s 
the  "fixed  carbon  dioxid."  If  instead  of  exposing  serum  or 
pla.sma  to  a  vacuum  one  uses  full  blood,  that  is.  pla*imaor  serum 
I>lus  corpuscles,  all  the  carbon  dioxid  may  be  obtained  without 
the  necessity  of  adding  acid.  This  fact  has  been  explained  on 
the  supposition  that  the  hemoglobin  under  these  conditions 
plays  the  part  of  an  acid  in  breaking  u[i  the  compound  in  which 
tlie  carbon  dioxid  is  firmly  held.  Presumably  thLs  fixed  carbon 
dioxid  is  the  portion  which  in  the  above  classification  is  repre- 
sented as  liicarbonate.  Since  the  portion  that  is  held  in  organic 
combination  is  apparently  more  easily  dissociated,  it  seems 
likely  that  it  furnishes  the  main  compound  which  is  physio- 
logically useful  in  providing  a  means  for  the  transportation  of 
carbon  dinxid  from  the  tissues,  where  it  is  formed,  to  the  lungs, 
wliere  it  is  eliminated. 

The  Physical  Theory  of  Respiration. — ^The  physical  theory 
of  respiration  assmnes  that  tiie  gastnuis  exchange  in  the  lungs  and 
in  the  tissues  takes  place  in  accordance  with  the  physical  laws  of 
diffusion  of  gases.     If  a  permeable  membrane  separates  two  vol- 
umes of  any  gas,  or  two  solutions  of  any  gas  at  different  pressures, 
the  molecules  of  the  gas  will  fiass  tlirough  the  mejubrane  in  both    i 
(hrections  until  the  pressure  is  equal  on  both  sides.     As  the  excess 
of  movement  Is  from  the  point  of  liigher  pressure  to  the  point  of 
lower  pressure,  attention  is  paid  only  to  this  side  of  the  process, 
and  we  say  that  the  gas  diffuses  from  a  point  of  high  tension  to 
one  of  lower  tension.     After  eqiulibrium  is  established  and  the 
pressure  is  the  same  on  both  sides  we   must  imagine  that  the 
diffusion  is  e<iual  in  both  directions,  and  the  condition  is  the  same 
as   though    there  were   no   further  diflfusion.     In  order  for  this 
theory  to  hold  for  the  exchange  in  the  body  it  must  be  shown  th&l  i 
the  physical  conditions  are  such  as  it  demands.    Numerous  experi-  j 
ments  have  been  made,  therefore,  to  detjermine  the  actual  pressure 
of  the  oxygen  and  carbon  dioxid  in  the  venous  blood  as  com- 
pared with  the  pressures  of  the  same  gases  in  the  alveolar  air,  &nd 
the  pressures  in  the  arterial  blood  as  compared  with  those  in  the 
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tiasopj..  Although  the  actual  figures  obtained  have  varied  some- 
what with  the  method  useil,  the  species  or  condition  of  the  ani- 
mal, yet,  on  the  whole,  the  results  tend  to  support  the  physical 
tllift)r>-. 

The  Gaseous  Exchange  in  the  Lungs. — It  is  difficult  to  deter- 
mine the  exact  composition  of  the  alveolar  air.     The  expired 
*ir  can,  of  course,  be  collected  and  analyzed,  but  obviously  this  is  a 
tnixture  of  the  air  in  thr  bronchi  and  the*  alveoli,  and  ciiuHCqucnlly 
t>as  more  oxygen  and  less  carbon  dioxiti  than  the  air  in  tlie  alveoli. 
The  probable  composition  of  the  alvei>lar  air  ha.s  l>een  calculatecil  by 
tz  and  Ixjfwy  for  normal  quiet  breathing  in  the  following  way: 
capacity  of  the  bronchial  tree  is  140  e.c,  and  this  air  may  be 
as  similar  in  composition  to  atmospheric  air,  that  is,  the 
'Hspireii  air.     A  normal  ex]>iration  contains  5()0  vs.;  hence  the 
Alveolar  air  con.stitutes  only  3(jO  c.c.  or  05  of  the  entire  amount.     If 
the  expired  air  contains  4.38  per  cent,  of  COj,  then  the  alv^eolar 
air  muf»t  contain  4.36  -^  Af,  or  6  per  cent,  of  cariion  dioxicl. 

Or,  to  put  tlic  mode  of  calculatinn  in  il  morr  poncral  form,  tlie  amount 
of  axrgen  m  the  expirfMi  air  i>t  eijii.-il  to  the  iiiiDiiint  of  nxygen  in  tlie  true 
alveour  portion  of  tlic  cxpirfd  air  plus  tlif  aniuiml  uf  oxypftv  in  tlip  "deaiJ 
■pa<v, "  namely,  tlie  trachea  and  bronchi.  Ix't  A  cijual  thf  vnlumo  of  expired 
air.  *  tlie  percentjige  of  oxy;nen  in  the  expired  air.  a  tlie  viilume  of  nir  in  the 
space,  and  1  the  percentage  of  oxypcn  in  tliis?  nir  or  what  is  the  same 
in  the  inspired  air.  Acconling  to  "tlif  above  statement  we  have  the  fol- 
equation,  A«  —  at  -•    (A  —  o)  x,  in  wliich  x  rppres>enti)  the  unknown 

Utge  of  oxygen  in  the  alveolar   air.     We  liavc,  therefore,  j=   *_*"- 

ordinary  breathing  these  vnhiec  are  a.s  follows;  A  --  500  c.c,  a  ^  140  c.c, 
=  16.02  per  cent.,  and  1"  —  '2(>.W\  |ht  cent .  Substituting  these  values,  j-  will  be 
found  GQual  to  14.1  jier  rent.  Reckoneil  in  niiilinicters  of  merrury  tliifi  would 
be  equal  to  (TtWl  ■.  0. 141)  i07.2  mm.  In  order,  however,  to  ascertain  the 
ure  exerted  by  the  oxygen  allowance  must  be  inndc  for  the  baro- 
preasure  and  for  tlie  t*>n.sion  of  the  aquwiu.H  va|)or.  In  the  depllis*  of 
KB  the  air  i8  sat  united  with  water  vaijor  and  the  tension  of  this  vu[>or 
'at  the  rKKly  temperatun^  may  in*  valued  at  4t).l>  mms.  Hg.  If  we  suppose 
;.^uther  that  the  observation  was  iiunle  at  a  bari^nielric  prc^twure  uf  750  mms., 
llie  prefwure  of  the  oxygen  in  the  alveoli  would  be  (750  —  46.6X0.141) 
4.  ttunfi.  Hg. 

Actual  obaervation.s  made  by  these  authors  upon  human  beings 
jin  whom  the  expired  air  was  analyzeti  indicate  I  hut  the  composition 
J.of  the  alveolar  air  m.'iy  vary  ix'tween  the  fnllnwinff  itniits:  Oxyjien 
?tween  11  and  17  per  cent,  of  an  atmosphere;  carlx>n  dioxiri  be- 
ifoen  3.7  and  5.5  per  cent,  of  an  atmosphere.  Hah  lane  and 
(Priestley  have  devised  a  simple  method  iiy  means  of  which  the 
portions  of  the  air  breathed  out  in  an  expiration  may  be  col- 
lented.  The  Kample  thus  collect^'d  reprcHcnts  practically  the 
alveolar  air,  and  its  average  compKasition  may  be  given  a»  oxygea, 
14.5  l)er  cent.;  carbon  dioxid.  5. .5  per  cent.;  and  nitrogen,  80  per 
cent. 

Loewy  and  von  Schrotter  have  determined  al.><o  the  average  ten- 
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sion  of  these  gases  in  the  blood  of  man,  'I'heir  method*  <»ftiiast*i 
in  blocking  off  one  lung  or  one  lobe  of  a  lung  by  a  metal  catheter 
inserted  through  the  trachea.  After  the  lapse  of  half  an  hour  or 
60  the  gases  in  this  occluded  jvortion  had  reached  an  equilibrium 
by  interchange  with  the  venous  blood  which  represented  the  tenson 
actually  existing  in  the  circulating  \'enou8  blood.  A  jxjrtion  of  this 
air  was  then  withdrawn  by  means  of  a  suitable  device  and  was 
analyzed.  Their  average  result  was  that  in  the  venous  blood  the 
oxygen  exists  under  a  tension  of  5.3  per  cent,  of  an  atmosphere 
(710  X  .053  =  ;i7.6  mm.s.  HgK  and  the  COj  under  a  tension  of  rt 
I)er  cent.  (42.6  nuns.  Hg).  The  physical  relations  of  preswre 
l>etween  the  alveolar  air  and  the  gases  in  the  venous  bloocl  may  be 
represented  as  follows  : 

OxroEN. 

Alveolar  mr  ......  .   100  inms. 


Membrane. . . 
Venoua  blood 


.(>  mmif. 


Carban  Dioxib. 
35  to  40  mm*. 

I 
42.6  mmfl. 


Diffusion  must  take  place,  therefore,  in  the  direction  indicated 
by  the  arrows.     As  the  oxygen  passes  through  into  the  bIoo<l  it  is 
combined  "with  the  hemoglobin  and  it  is  estimated  that  the  arterial 
blood  as  it  flows  away  from  the  limgs  is  nearly  saturated  wth 
oxygen,iackingpcrhap.siinly  I  volume  per  cent,  of  being  compkle^y 
saturated  (Pfliiger).    That  is,  if  the  normal  arterial  blood  contaii« 
19  c.c.  of  oxygen  for  each  KM}  c.e.  of  blood,  it  is  probable  that  or* 
more  cubic  centimeter  might  l>e  combined  by  the  hemoglobin  ^ 
exptosed  fidly  to  the  air  or  oxygen.   'The  difference  in  tension 
between  the  carbon  dioxid  on  the  two  sides  of  the  membrane  is  j>^^ 
so  great  as  in  the  case  of  the  oxygen,  but  owing  to  the  more  rap"** 
diffusion  of  this  gas  it  is  probable  that  this  difference  suffices     '**' 
explain  the  exchange.     In  this  matter  one  must  bear  in  mind  at-^^ 
the  very  large  expanse  of  surface  offered  by  the  lungs  and  the  ve  "^ 
complete  subdivision  of  the  maas  of  blood  in  the  capillaries.     Thij:^*®' 
following  a  calculation  made  by  Zuntz,  t!ie  surface  of  the  hum^^^^ 
lungs  may  be  estimated  at  90  sci.ms.  or  1)00,000  sq.cms.      If  \^'*^* 
assume  that  300  c.c,  of  carbon  dioxid  (500  X  0.04  X  15)  are  giv^^^ 
off  from  the  liJood  in  a  minute  thi."*  would  indicate  a  difTuac*^^^" 
through  each  square  centimeter  of  only  0.0003  c.c,  (?t^'Wv). 

This  same  idea  is  expanded  by  I^oewy  as  follows:  The  surface  of  i\ 
lungs  expowii  to  the  air  may  Ih>  n'flconed  at  HO  suuaro  meters,  aod  tlie  thirl^^ 
ne«e  of  membrane  intervr-niii^  bctwrnn  tliis  air  and  the  blood  in  the  capiUurie: 
may  be  estimated  at  ().(KJ4  of  a  miliiiiieler.      Under  the.se  condition*  jia  niiir- 
aa  6083  c.c.  of  oxygen  might  difTuse  into  the  blood  in  a  minute.     As  a  ttiiitu  ^^^ 
of  fact  only  about  250  to  300  e.c,  of  oxygen  are  really  ab«>rt»ed  jjcr  iniii'. 
ijiiiel   breathing,  and   not  more  than   ten  times  this   amount  in  the  vi  • 

*  lx>pwy  and  von  SehrtHler.  "Zeit*chrift  filr  experiinentelle  Patholo/p^'" 
und  Therapie, "  1,  197,  1905.  See  also  Loewy,  "Handhiich  der  Bioehemie  ^ 
IV',  1908. 
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rnqnration  foltowing  excessive  muscular  exerciae.  It  would  seem,  therefoir, 
tiiat  diffuBion  should  miflBce  to  supply  the  oKy^en  actually  needed.  Tbis 
icaaoning  applies  a  fortiori  to  the  carbon  dioxid,  eince  the  velocity  of  diffusion 
of  thia  gaw  tlirough  a  moist  membrane  is  much  (25  times)  rnMiter.  If  the 
ienoon  of  the  CO,  in  the  blood  were  only  0.0^  mm.  higher  tlian  that  In  the 
alveoli,  the  known  exchtm^c  might  be  explained  by  diffusion. 

Exchange  of  Gases  in  the  Tissues. — The  arterial  blood  passes 
to  the  tissues  nearly  saturated  with  oxygen  su  far  as  the  hemo- 
globin is  concerned,  and  this  oxygen  is  held  under  a  tension 
equivalent  probably  to  at  lea-st  100  nuns.  Hg.  The  carbon 
dioxid  is  less  in  quantity  than  on  entering  the  lungs  and  exists 
under  a  smaller  pressure,  which  may  be  assumed  to  be  the  same 
as  that  of  the  carbon  dioxid  in  the  alveoli  of  the  lungs — namely, 
5  per  cent,  of  an  atmosphere  (35  nuns.).  In  the  systemic  capil- 
laries the  blood  foHH^H  into  diffusion  relations  with  the  tissues, 
and  direct  examination  of  the  latter  shows  that  the  oxygen  in 
them  exists  under  a  very  small  pressure,  practically  zero  pres- 
sure, while  the  CO,  is  present  under  a  tension  (Strassburg)  of 
7  to  9  per  cent.  The  high  tension  of  the  Ci\  i.s  explained  by 
the  fact  that  it  is  being  furnied  in  the  tissues  constantly  as  a 

fiult  of  their  metabolism,  while  the  low  tension  of  the  oxygen 
due  to  the  fact  that  on  entering  the  tissue  this  substance  is 
combined  in  some  way  in  a  chemical  compound  too  firm  to 
dissociate.     The    physical    conditions    are,    therefore,    such    an 

fuld  cause  a  stream  uf  (.'0,  from  tissue  to  blood  and  a  stream 
oxygen  in  the  reverse  direction. 
It  is  to  be  remembered  that  in  this  exchange  the  Ijlood  and 
the  lymph  act  as  interme<liaries.  The  VOj  ttiffuses  from  lymph 
to  plasma  and  from  tissues  to  lymph.  The  oxygen  iliffuses  from 
lymph  to  tissues,  from  plasma  to  lymph,  ami  from  oxyhenio- 
bin  to  plasma.  Bohr*  has  found  experimentally  that  in 
lood,  when  the  oxygen  tension  is  low,  an  increase  in  the  CO, 
ure  tends  to  dissociate  the  oxyhcinoglobin  (Fig.  275). 
Since  these  conditions  prevail  in  the  capillaries  of  the  body,  it 
is  probable  that  the  mere  presence  of  the  COj  in  increased 
amounts  facilitates  the  liberation  of  the  oxygen. 

Suggested  Secretory  Activity  in  the  Respiratory  Exchange. — The 
K  that  the  exchange  of  ga-ne.^  iti  the  lungs  and  tiKsuea  is  entirely  explained 
the  diffusion  of  the  gates  from  p<iiiitn  of  high  tension  to  jwiiits  of  low  ten- 

•  SLandinavisehew  Arrhlv  (.  Physiohtgle,"  Itj,  4<>3,  1896. 
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mon,  and  thid  Iho  mcmbriinfs  intorpos«»il  are  entirely  passive  in  thr> 
has  not  pausseil  uiiclmyeiiped.  Certain  obsen'ers  fB<»hr,  Haldane  and  Smithy* 
c'laim  tliat  the  t-cnsion  of  th«"  oxygr-n  in  the  arterial  blood  may  be  higher  than 
the  prpMiire  of  oxygen  in  tht-  alvt-ular  air.  Ikihr,  iiioreover,  in  a  eerie  oC 
experiments  made  npon  dogs  f  dctcrniiiied  by  caleuhition  the  tension  of  oxygro 
within  the  surface  layer  of  the  lungs.  This  tension  was  found  to  vary  froen 
35  to  105  mm.s.  The  tension  iif  the  :irterial  hlood,  determined  at  the  Mine 
time,  varictl  from  Hll  to  144  turns.,  being  in  everj'  cast;  distinctly  liiither  than 
the  tension  of  the  oxygen  in  the  surface  layer  of  the  lungs.  If  thew  itdm 
were  ftdly  demonNtraled  they  woLtld  siiow  that  the  physicaJ  theory  outlined 
above  is  msuHieient,  hikI  would  indicate  tliat  the  membranes  ooncenied  take 
an  tietivD  part  in  the  pasiume  of  tiie  gase.'^,  exerting  possibly  a  secretory  aciinly. 
That  the  cciU  of  these  itiembraneH  might  secrete  the  gasetc  is  not  at  all  im[<«»- 
sible.  but-  at  nn-sent  it  wenis  to  be  unnecessary  to  make  Mich  a  sup^iofiiiioii. 
The  results  oljtained  by  the  ob.server.si  mentioned  in  this  paragraph  have  not 
been  con-oborated  by  tin-  numerou.s  other  observers  wiio  nave  worke*!  in  itic 
same  field,  and  it  wems  possible  that  they  may  be  due  to  experimental  ttrorn 
A  well-known  set  of  exju'riments  that  etrcngtlipn  this  conclusion  has  l)ecn 
Teporte<i  by  WcdlTberK  and  by  NiiMbaumJ  and  has  since  Ijeen  repeate*!  upOD 
man.  In  these  experiments  one  bronchus  in  a  dog  was  completely  bltxsed 
by  a  specially  de.signed  lung  catheter,  so  arranged  as  to  occhide  the  bronchi* 
and  yet  allow  the  observer  to  draw  off  a  specimen  of  the  air  at  any  lime.  In 
such  an  occluded  lung  the  ca]»tured  air  is  in  diflusion  relatitins  with  the  vcdou* 
blood  of  the  pulmonary  artery,  and  if  these  relations  are  maintained  fnr  • 
xuHlcient  time  im  rHjuilibrium  should  be  established  on  the  phy-ical  theoor, 
the  teitsion  of  the  gases  in  the  occluded  lungs  becoming  the  »:ame  as  in  toe 
venous  blood.  Such  wa.s  foimd  to  be  the  case.  When  at  the  end  of  ifa* 
experiment  air  was  drawn  off  and  analyzed  it  was  found  to  contain  3.6  per 
eent.  /!"  (^O,,  while  the  ten.sion  of  the  t'O,  in  specimens  of  the  vcnou*  blood 
taken  from  the  right  heart  wa.s  practically  identical.  If  tliere  is  an  acli"*' 
secretion  of  CO,  from  the  lungs-  one  shotdd  have  expected  to  obtain  a  hig\»® 
tension  in  the  carlxm  dioxid  of  the  alveolar  air  than  in  the  venoun  blixxl. 

*S€e  Hatdane  and  Smith,  "  Journal  of  Physiologj'."  2(1,  497,  1896. 
t  Bohr,  in  Nagel's  "  Uandbuch  der  PhysioioRie  dcs  Menschen,"  1897, 
i,  part  1,  p,  I4K. 

t  "Archiv  f.  die  geaammte  Phj-siologie,"  4,  465,  1871,  and  7,  296,  187"  "3- 
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CHAPTER  XXXVII. 
—INNERVATION  OF  THE  RESPIRATORY  HOVEKIENTS. 

The  nervous  supply  to  the  respiratory  muscles  is  received  from 
a  number  of  nerves,  the  nervous  niacfunery  being  wi<lely  dis- 
tributed in  the  brain  and  cord.  The  mcist  inijwrtant  of  the  motor 
nerves  of  respiration  is  the  phrenic,  whieli  supplies  the  diaphragm 
and  originates  from  the  fourth  and  fifth  cervical  spinal  nerves. 
The  N.  accessorius  ami  branches  of  the  cervical  and  bracfiial 
plexus  innervate  the  muscles  of  the  neck  and  shoulder  which  are 
concerned  in  insjjiration ;  the  intercostals  ininTvatc  the  muscles  of 
the  thorax  and  abdomen,  while  branches  of  the  lumUir  plexus  send 
fibers  to  the  muscles  of  the  groin.  Moreover,  the  facial  sends 
motor  branches  to  the  muscles  of  the  nose  and  the  vagus  supplies 
the  muscles  of  the  laiynx.  All  of  these  muscles  belong  to  the 
skeletal  group  and  are  under  voluntar>'  control.  Under  normal 
conditions,  however,  this  entire  respiratory  apparatus  works 
rhythmically  without  vohuitarv'  cfintrol,  in  alternate  inspirations 
and  cxpiration.s,  all  the  inspiratory  nnisdes  contracting  together, 
and  all  the  ex]jirator\'  muscles  together  in  their  turn  when  the 
expirations  are  active.  The  co-ordinated  acti'*itj  of  such  an  ex- 
tensive mechanism  is  explained  by  the  exidcence  of  a  respiralon/ 
center  in  the  medulla  oblongata. 

The  Respiratory  Center. — ^Thc  discoveiy  of  the  locution  of  the 
respirator}'  center  wiis  due  raaini}'  to  the  experiments  of  two  French 
physiologists.  Legallois  and  Flourerm.  The  latter  placed  the 
center  in  the  medulla  at  the  level  of  the  calamus  scriptorius,  and 
described  it  as  a  verv'  small  area  or  spot,  which  he  flesignated  at  first 
as  the  vital  knot  (miud  vitol)  under  the  mistaken  impression  that 
it  formed,  as  it  were,  a  central  or  focal  j>oint  of  the  motor  system 
It  has  since  Ijeen  .shown  that  this  center,  like  the  vasomotor 
cent-er,  is  bilateral.  If  the  medulla  is  cut  through  in  the  rnitl- 
line  the  respirations  may  proceed  in  a  normal  manner.  The  center 
consists  of  two  psirts,  each  eonneetetl  priniari!\'  with  the  muscula- 
ture of  its  own  side.  Each  half  occupies  an  area  that  lies  some 
distance  lateral  to  the  mid-line  and  beneath  tlie  floor  of  the  medulla 
at  the  general  level  of  the  calamus.  According  to  ( iierkc,*  the  area 
extends  in  rabbits  from  a  jxiint  li  or  4  nuns,  in  front  of,  to  a  |Kirnt 
2  or  3  mma.  posterior  to  the  calamus.  No  especial  group  of  cells 
^ftn  be  found  in  this  i-egiun  sufficiently  sepnnited  anatomicjdly  to 
^ake  it  pnjbable  that  they  con.stitute  tlie  center  in  (piestion.     The 

•  (Gierke,  "  Archiv  f,  die  s<'.'iamime  riivRiologic."  7,  58-3,  1873;  and  "Cen- 
tralblatt  f.  d.  mod.  Wisucmrliurun,"  No.  :U,  1883. 
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region  has  been  delimited  by  vivisection  experiments  only,  and 
according  to  Gierke,  corresponds  in  Incation  to  the  position  of  the 
solitarv'  bundle  {tractus  solitarius).  According  to  Misla^reky,* 
it  lies  near  the  mid-line  in  the  formatio  reticularis,  while  Gadtpves 
it  a  relatively  large  area  in  the  lateral  portion  of  the  formatio 
reticidarit!,  the  continuation  into  the  medulla  of  the  lateral  horn  of 
the  gray  matter  of  the  cord.  Destruction  of  these  areas  or  section 
of  the  cord  anywhere  between  this  region  and  the  origin  of  the 
phrenic  nen'e  cuts  off  the  respiratory  movements,  except  th 
the  nost'  and  larynx^^  and  causes  death.  The  rapid  death 
injuries  to  the  cord  or  medulla  in  this  region — from  hanging,  for 
instance — is  explained  by  the  effect  iijion  the  respirator}'  ceotfr 
or  its  connections. 

Therte  is  no  doubt  tliat  the  respiratorv  center  in  man  occupies  the  suue 
general  jjositioii  m<  in  tiie  othpr  manunuls.  Tliere  is  on  record  a  caaej  in 
wtncii  sections  were  niiwie  of  the  iiiechdla  in  a  new-boni  infant.  i>n  ddivm' 
it  was  necessary  to  puntture  the  iTanium  and  remove  the  brain.  Thr  chiH 
»>lill  livetl  and  tbe  rnethilla  wik-*  cut  iiiTi>«i  witli  scLssors.  A  section  at  the 
posterior  end  of  tlic  laJanius  «tot>[ied  the  ret.pirations  inunediateij,  while 
one  somewhat  anterior  Imd  fiitlei)  to  have  thiK  efTert. 

The  general  idea  of  the  conneclifms  of  this  center  with  the  resfiii- 
atorj'  muscles  may  ha  describwl  its  follows:  The  respirator)'  fibers 
arising  in  the  center  pass  down  the  cord,  probably  in  the  aniertv 
lateral  columns,  and  end  in  the  gmy  matter  of  the  cord  at  the 
different  levels  at  which  tlie  motor  nuclei  fif  the  respirator}'  nerves 
are  situated.  It  is  probable  that  these  descending  fibers  deru«- 
.sate  in  part,  so  that  oacli  half  of  the  respiratory  center  is  con- 
nected with  the  musculature  of  both  sides  of  the  chest  and 
tfie  diaphragm.  A  connection  <if  tliis  kind  is  indicated  by  the 
fact  that  section  of  one-half  of  the  medulla  at  the  lower  end 
of  the  fourth  ventricle  is  followed  not  by  a  paralysis,  but  only 
by  a  weakening  of  the  action  nf  the  respiratory  muscles  on  th»t 
side.  Whether  the  connection  between  the  respiratory  c-enicr 
an<l  the  spiiiu!  luottir  nuclei  is  made  by  nne  or  by  a  series  of 
neurons  is  not  known,  but  we  may  assert  that  the  nerve  pA'h 
from  the  respiratory  center  to  the  respiratory  muscles  must  be 
composed  of  at  lejist  two  neurons.  According  to  this  conception, 
the  impulses  ui  inspiration  and  expiration  for  the  entire  respira- 
tory mechanism  originate  in  the  uic<lullary  center  and  *"* 
thence  distributed  in  a  co-ordinated  waj'  to  the  lower  mott'f 
centers  in  the  cord,  or,  in  the  ca.se  of  the  ncse  and  larynx,  to  the 
motor  centers  of  the  vagus  and  facial. 

Spinal  Respiratory  Centers.  —  At  different  times  various  BUtbt** 
(Brown-S6quard,   Ijan^endorfT.  et  id.)  have  insisted  ti»at  there  exi«l  onf  "f 

*  MirIbwrIcv,  Central  Watt  f.  die  nip(3.  \Vianenflchaften,"  No.  27,  1885. 

t  Gatl,  "  Arcbiv  (.  Physiolngit-,"  IS93,  p.  75. 

X  See  Kehrer,  "  Monftl«\iieSU'.  I.  vt&V\.,  \i«Tvn».VcX.,"  "i*,  \SA,  \«a2. 
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more  epinnl  respiratory  conters,  and  that  the  medullary  center  lias  not  tlie 

rcomiiiaiidinK  iniportanct-  iniltcati-d  in  the  above  description.     The  fatt  that, 

f*  hen  the  medulla  or  cervical  cord  Ix^iow  the  medulla  is  cut,  the  animal  at 

ce  ceases  to  breathe  is  (•xjilaincd  by  these  mithors  on  the  a.sHumptiun  that 

the  operation  cauaee  a  proIoDRed  inhibition  of  the  underlying  spinal  centers. 

PTljey  state  that  young  aniuiafc,  especially  if  (uade  hyperirritable  by  the  in- 

fjection  of  strynhnin,  nmy  eoiiiLime  to  breuttie  after  section  of  the  cord  below 

Ithe  medulla.     This  [wint  of  \iew,  howe\'er,  lias  not  prevailoiJ  in  physiology. 

►  Other  operations  on  the  cuni  or  brain  are  not  attended  by  such  profound 

] inhibition,  and  indee^J  Porter  and  Muhlberg  have  .ihown*  that,  if  half  of  the 

Icord  alone  is  cut,  the  movements  of  the  diaphragm  on  that  side  are  twrmanently 

Iparalyzed.     It   is   entirely   conceivable   that    imder  exceptional    condition.s 

lihe  lower  neurons,  the  direct  motor  centers  of  the  respiratory  masclea,  might 

Ibemadc  tc>  act  rliythmicully.  since  during;  life  they  have  been  rhjl-hmically  slini- 

ilatcd  fron>  the  medidlary  center  ;  but  the  »"vid(,'ncf  nl  present  i-"!  altdgetht-r 

iin«t  any  distinct  phymological  indpjieiidence  on  tlie  part  of  those  neuron.s. 

The  Automatic  Activity  of  the  Respiratory  Center. — The 
constant  activity  of  the  respiratory  center  tiiroughout  life  suggests 
the  question  as  to  its  autoniaticity.  Is  it  automatic  like  the  heart? 
That  is,  are  the  stimuli  discharged  from  it  jiroduced  witlxin  its  own 
cells  as  a  result  of  its  own  metiiboliam  under  the  normal  conditions 
of  circulation?    Or,  on  the  other  hantl,  is  it,  like  most  of  the  motor 

Plei  of  tlie  central  nervous  system,  only  a  reflex  center,  ita  motor 
harges  being  dependent  upon  impulses  rccciveii  from  other 
rons  by  way  of  the  sensory  paths?    Obviotisly  the  onW  way  t<> 
ver  such  a  question  directly  is  to  isolate  the  center  from  all 
rent  paths  and  leave  it  connected  •with  the  respiratory  muscles 
only  by  motor  ner\'es.     If  imder  such  conditions  the  respiratory 
rhythm  continues  the  center  may  be  regarded  as  essentially  auto- 
matic, however  susceptible  it  may  l>e  to  reflex  influences.    A  close 
^^approximation  at  least  has  I>een  made  to  such  an  experiment. 
^Htoaenthal  finds  that  rhythmical  re.s|iirator\'  movements  continue 
^Fafter  the  following  operations:  first,  section  of  the  brain  at  the  cor- 
^  pora  quadrigemina  to  cut  off  influences  from  the  cerebnim,  thala- 
mus, and  midbrain;  second,  section  of  the  vagi,  to  shut  off  afferent 
impulses  from  the  viscera,  especially  from  the  hmgs;  third,  section 
of  the  cord  at  the  seventh  cervical  vertebra  to  exclude  sensor}' 
influences  through  all  the  underlying  posterior  roots;  and,  fourth, 
section  of  the  posterior  rtjots  of  the  cervical  spinal  nerves.    The 
medulla  with  its  respiraton"  center  was  thus  isolat«tl  from  all 
afferent  impulses  except  such  jvs  might  enter  through  the  fifth, 
seventh,  eighth,  and  ninth  cranial  nerves.    Since  under  these  con* 

■ditioQS  the  center  continued  to  act  rhythnucally  we  may  draw 
ihe  probable  conclusion  that  it  is  e-asentially  automatic,  and  that 
it  probably  possesses  an  intrinsic  rhythmical  activity  resembling 
that  of  the  heart. 

Reflex  Stimulation  of  the  Center. — According  to  the  reaulta 
of  numerovis  observers,  stimulation  of  any  of  the  sensory  nerves 
jf  the  body  may  affect  the  rate  or  the  amplitude  of  the  respiratory 
♦  "  American  Journal  of  Physiology, "  4,  334,  1900. 
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inovcnients.  Thin  experimental  result  is  confirmeil  I)V  uur  mti 
exjK'rieiu'e,  since  every  t>ne  must  fiave  noticed  that  tlie  respirat(ir>' 
movements  are  reailily  JifTc^cted  l>y  strong  Ktimutatinn  of  the  cutiuie- 

ous  nerves — a  dash  of  cold  water, 
for  example — ^aa  well  as  through 
the  nerves  of  sight  and  hearing. 
In  acklition,  emotional  states  are 
apt  to  be  accompanied  by  notice- 
able changes  in  the  respirations, 
ajiil  corresponding  to  tluB  fai*t 
ex]x?rinient  shows  that  slimuLv 
titui  of  certain  jwrtions  of  the  rur- 
tcx  and  midbrain  gives  distiiicl 
effecta  upon  the  respirator>mi- 
tor.    We  must  assume,  therefore, 
that  tliis  center  is  in  connection 
with  the  sensor}'  fibers  of  pc^ 
hajjs  all  of  the  cranial  and  spinal 
nerves,  and  is  influenced  alao  V>y 
intraoentral  paths  passing  frow 
cerebnim  to  me<hilla,  jjaths  \^  h'»<-'^^ 
are  efferent  as  regards  the  cef*" 
bnun,  Iiut  afferent  as  regards  t^ 
medulla.      As  stat«l  al>ove,  t^^ 
effect   of   these   sensory    nerV** 
upon  the  acti\ity  of  the  respirator}'  center  is  varied;  the  rate  m^^ 
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Fig.  27  ft- — To  show  I  he  auKmenta- 
tion  of  the  resplrnlnry  niovemenU  cuuaed 
by  Btiii)ulatio»  of  tlie  .tciattc  nerve.  £x' 
iwriinent  ujiori  a  rabbit. 


iitij-  i»T*»,H  Sli^n   f^n^r,.!   £mI    Vaw.'^i-Wfiuk 


Tig.  277. — To  show  the  Inhibition  of  the  respimtoTj'  movement.*  in  a  rabbit  dna  W 
stimulstion  o(  the  rentml  end  u!  the  vafrus.  The  respiratory  movemenla  in  this  r>.c. 
before  and  after  ictimulation,  wero  forcerf,  ovnnR  to  the  fact  that  both  vafi  were  cu< . 


be  changeti  together  with  an  increased  or  decreased  amplitude,  the 
inspirations  and  ex\VvTra.UoT\a  wa^  esvtVv  Vie.  vtvcteaaed,  or  one  phase 
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ly  be  affecteiJ  more  markctlly  than  the  other.     In  general,  how- 
Bver,  experiraental  stimulation  of  ii  Keiusory  nerve  trunk  wliich  con- 
tains cutaneous  fibers  gives  one  of  two  eflects:  either  a  stimulating 
action,  manifested  hy  r|uicker,  stronger  inspirations  and  active  ex- 
pirations, or  an  inliibiton'  effect,  in  which  the  respirations  cease 
Itogether  or  become  slower  and  more  feeble  (Figs.  276  and  277). 
in  this,  as  in  other  similar  cases,  we  aissume  that  the  two  opix>- 
ite  effects  are  produced  bv  different  nerve  fibers  we  may  speak  of 
jnsory  filers  which  have  a  stiniulating  or  augmenting  effect,  and 
those  that  have  an  iinhibiting  iidiueuce  on  the  center,  or  following 
le  terminology^  u.sed  in  the  (.-a-se  of  the  vasomotor  center,  we  may 
ik  of  respiratory  pres.sor  ami  resi)irat.ory  depressor  fibers.     It  is 
|uite  probable  that  these  fibers  have  other  functions, — that  is,  they 
not  flistributed  exchtsively  to  the  re.spirat4iry  center.     A  euta- 
)us  fiber,  which  through  its  centra!  chain  of  neurons  eventually 
id.s  in  the  cortex  cerebri  and  gives  U3  a  sensation  of  pain,  may 
collateral  connections  affect  also  the  medullarv'  center  and  pro- 
luce  effects  upon  the  heart,  bloofl-vessels,  and  respirations. 

The  Special  Relations  of  the  Afferent  Fibers  of  the  Vagus 

the  Center. — Although  the  sensor}-  nerves  in  general  exert  a 

sflex  effect  upon  the  respiratory  center,  experimental  work  hiis 

iiown  tliat  the  sensor\'  fil>ers  distriljuted  along  the  respiratory 

jes  from  the  anterior  nares  to  the  alveoli  have  a  8{)erially 

iportant  relation  to  this  center,    ^liis  fact  is  most  clearly  shown 

the  case  of  the  sensorv'  fibers  of  the  vagus,  which  are  distributed 

the  lungs  themselves.     If  the  two  vagi  are  cut  in  the  neck  the 

5pirator>'  movements  are  at  once   altered    in   character:    they 

low  a  much  slower  rhythm  and  greater  amplitiidc  (Fig.  278). 

le  inspirations  especially  are  deejjer  and  kmger,  with  something 

a  pftu.se  at  the  end.    When  only  one  vagus  is  cut  an  intermediate 

Tect  may  be  obtaine<l,  the  respiratory  movements  may  be  slowed 

)niewhat  and  shghtly  deepened;  Inii  the  striking  effect  is  olx'servcd 

dy  after  .section  of  both  nerves.     This  i-esnlt  is  not  a  temporal' 

le  due  to  the  stimulation  of  cutting,  but  is  jienuanent,  and  there- 

)re  leads  to  the  conclusion  that  .some  influence  has  been  cut  off 

rhich  normally'  keeps  the  respirator^'  movements  at  a  more  ra  jnd 

kte.     Kxf>eriment  has  shown  that  this  influence  consists  in  the 

)mc  actioti  of  sensory  filters  c<mtained  in  the  vagus  and  distrilntted 

the  hings.     It  is  the  corLstant  effect  of  these  filjers  on  the  respira- 

)ry  center  which  maintains  the  normal  rhythm;   when  thej^  are 

jvered  the  center  <lrop9  into  a  .slower,  tinn^gulatcd  rhythm.     Ex- 

Jiiment  haa  shown,  also,  that  when  the  central  stimip  of  the 

livided  vagus  is  stimulated  artificially  the  respirator)'  center  is 

affected,  as  indicated  by  the  respiratory  movements,  in  a  variety 

ways  which  depend  ujKin  the  strength  of  the  stimulus  and  the 


DtgftrzETl'tay 


Op 


PHTBIOLOGY    OP   RBSPIRATIOPf. 


condition  of  the  center.     The  two  results  whieh  are  most  consUn 
obt-ained  and  which  may  tiicref()re  be  esjjccialli"  emphasized  are** 
follows:  first,  with  weak  stimuli  the  inspirator^'  movements  are  itt* 
hibited  partially  or  completely,  giving  either  smaller  movements  or. 
in  a  condition  of  narcosis,  complete  cessation  of  respirations,  'wit^ 


Fix.  -'^' — T"  ■■•'>'"*  "w  effect  of  t«ctii>Ji  I'f  the  viijn  on  the  r*si>irnt«>r>  moNViu^nE. 
(rabhiO-  Thr  right  vaijiiR  way  cut  at  j  nml  i'au!«il  a  iJikIii  auKmpriiBlion  und  «ioi»Tik 
of  the  tnuvement*,  The  left  va^.i  woh  rvit  »t  j-x  rikI  rHU.-<«4l  firM  a  .ihort  inhtt>iriuii  (dt) 
to  nierhanieid  Mtiniuliition^  which  was  then  fiillnwetl  by  the  typical  slow  and  deep  ■  ^' 
ratiniw  •jtwii  umler  tbiue  con(liti<ini« — {Datc»e>n.i 

the  thorax  in  the  stage  of  passive  expiration  (Fig.  277),  or.  secoiK^^j 
the  rate  of  the  inspirator)-  movements  may  l)e  increased  and  Ifcr-^j-i 
may  end  finally  in  an  inspirator>'  standstill, — that  is.  the  respiratc^^™. 
movements  cease  with  the  chest  in  an  inspiratory  position  (Fig.  27  "^j 


Fig.  i7ti. — Ti)  illu.strate  the  in;>pirntory  eflect  frrjm  htimutation  of  t.he  rontml  mil  rf 
the  vaKUK.  The  dftwiistroke  re|>re.-«nt!<  iriHpiration;  the  u;|«3*troWe,  expiration.  l>unii» 
the  pcriiMl  of  stimulation  the  rct^nirationH  are  increaaed  in  frequency  and  the  chest  ivaiiini 
in  a  condition  of  inspiration. — i.Levnndtni'»kv,) 

the  inspirators'  muscles  being  in  a  condition  of  tetanic  contraction. 
Wlien  both  the  inspirator)'  and  expiratory  muscles  are  considerel, 
the  variety  of  effect^s  that  may  be  obt-aineil  from  stimulation  of  the 
afferent  fibers  of  the  vagus  is  perplexing,  especially  with  strong 
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nm<'Ji  amerence  oi  opinion  among  ii 
main  eflfects  desciibcd  aWve  are  usually  inter- 
pretetl  to  mean  that  the  vagus  contains  two  kinds  of  sensoiy  fibers 
_ which  are  distrihut<>d  to  the  hinjsjs  and  art  normally  on  the  respira- 
)n'  center.  These  are:  fl)  The  inspiratoiy  fibei-s,  whase  effect 
to  increase  the  rate  of  inspiratory  fiisfharire  from  the  respiratory 
mter;  therefore  to  quicken  the  rate.  (Ill  The  expiratory  (or 
spiratorj'  inhibiting)  fibers,  whose  effect  is  to  inhibit  the  inspira- 
iry  discharges,  partially  or  completely.  Some  authoi-s  find  it 
jimpler  to  assume  only  one  kind  of  .sensori'  rd)er  and  to  explain  the 
lifferent  results  by  a  difference  in  the  natui-e  of  the  stimulu.s  or 
the  condition  of  the  center;  but  it  seems  atlvisable  at  present. 
accordance  with  the  doctrine  of  specific  nerve  energies,  to  hold 
the  vie\\'  of  hvo   varieties. 

Influence  of  the  Inspiratory  and  the  Inhibitory  Fibers  of 
le  Vagus  on  the  Normal  Respirations.— It  is  assumed  that 
lese  two  sets  of  fibers  are  in  constant  activity  and  keep  the  re- 
ipiratory  rate  more  rapid  than  it  would  be  othenvise.     Hence  the 
lowing  and  deepening  of  the  resptration.s  when  the  vagi  are  cut. 
The  way  in  wliieh  the.se  sensor}'  fibers  are  stimulated  normally  was 
ferred   by  Hering   and   Breuer  to  the  alternate  expansion  and 
[icollapse  of  the  hmgs.     Each  inspiration  stimulates  the  inhibitory 
[fibers  in  consequence  of  the  expansion  of  the  lungs,  and  thu.s  cuts 
short  the  inspiration,  prematurely.  a.s  jt  were.     So  at  each  expira- 
tion the  collapse  of  the  hmgs  stimulates  the  inspirator^'  fibers  and 
brings  on  an  ins|Hration  sooner  than  would  otherwise  occur.     In 
this  way  the  respiratory  rate  is  kept  automatically  at  an  accel- 
erated   rhythm.     This    hypothesis    has    been    nxuch    discussed 
inil  many  efforts  have  been  nuide  to  prove  or  di.sprove  it  by 
iieans  of  experiments.     The  result  of  this  work  on  the  whole 
inds  to  show  that  the  hyp<ithesis  is  essentially  correct.     Two 
cinds  of  afferent  fibers  exist  in  the  vagus,  one  of  which  is  stimu- 
latctl  by  expansion  of  the  Iung.s,  the  other  by  collapse.     This 
fact  is  shown  most  clearly  by  Einthoven'sf  experiineuts  with 
is  string-galvanometer.     When  the  vagus  nerve  is  cut  high  in 
khe  neck  and  is  then  connected  in  the  usual  way  with  the  string- 
jalvanometer,  the  latter  shows  a  marked  action  current  through- 
Pout  each  inspiration,  indicating,  therefore,  the  pa.ssage  of  a  .series 
of  nerve  impulses  during  inspiration  {Fig.  2S0).    When  by  suction 
the  lungs  were  collapsed,  another  electrical  variation  of  a  different 

*  For  discussion  and  literature,  see  Meltzer,  '■.\rchiv  f.  Physiologic," 
1892,  p.  340;  also  "New  York  Mwliral  Jnumal,"  January  18,  1890.  Lewan- 
dowvky,  "Areliiv  f.  Pliysiologic, "  IWlfi,  pp.  13.i  and  483. 

t  tinthovcn,  "Quarterly  Journal  of  Exp.  Physiolojfy, "  1908,  1,  243; 
Jan  "  RoMoarchce  of  the  Phyaiologicai  Laboratory  of  the  University  of  L^den," 
'II..  1908. 
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character  vvjis  pnxluepd,  indic:i,ting  the  existence  uf  a  separate 
set  of  fibers  brought  into  action  by  the  diminution  in  volume  of 
the  lungs.  In  quiet  respirations  the  expiration  coosist^  uj 
merely  a  passive  return  to  what  may  be  calle«l  the  neutral  or 
nurma!  volume  of  the  lungs,  uiul  in  this  movement  it  is  probable 
that  the  inspiratory  fibers  are  not  affected,  being  stimulatwl 
only  by  an  active  expiration.  We  may  assume,  therefore, 
with   Gad  that  the  normal  rate  of  respirations  is  maintained 


Frif.  280. — To  "Iiow  the  eloctrical  iliunices  in  tlie  different  fiben*  of  the  vairu*  n'"'^"* 
eauned  by  the  rwipirations  and  llip  heart  hpiil-4:  l'.  The  elect rcA'agogmm.  the  Uiree  »-»*•'* 
are  electrieal  osciflaliuns  «>iichronouM  -vritli  the  n«spinitor>'  movement*.  The  mukUer  *^^ 
are  electrical  changen  nyiK-ltroiiuuK  with  the  heart  best«:  P,  Mechaniod  record  of  *'^ 
raBjiiratory  roovemeuts,  ascent  of  cun'e,  in^pinntion;  C,  Mechanical  record  of  pulse  U*-*"' 
(From  Eintttovm.) 


by  the  action  of  the  inhibitory  fibers  alone.     Each  inspirat** 
is  cut  short  by  the  mechanical  stimulation  of  tliese  fibers,  I  -^ 
on  the  collapse  of  the  lungs  the  new  inspiration  is  due  t<^ 
normal  discharge  from  the  inspiratory  center. 

Loewy*  has  .>*lio\\ii  hy  .oii  iiigeriioiis  experiment  that  the  expansiou 
the  Iuiig«  iii  the  fat-lor  that  at-tually  slimulules  tlie  sieusorj'  fibers  and  quicke!=^^ 
tlie  resuimtory  rate,  as  follows:  An  aiuinal  was  made  to  hreathe  pur«oxy^ 
for  &  while  to  ilis](lace  the  nitrogeJi  in  the  alveoli.     The  rliest  on  one  side 
say,  the  right  side — vxaa  then  f>|iene<l  viith  tlie  result  that  the  lung  collapM. 
and,  owiiip  to  the  ra|>id  aksorptioii  nf  the  oxygen,  soon  became  practical 
tiotid.     The  respirations  (rabbit^  showcfl  their  normal  rate — fl«i.     Tlie  ^ 
nerve  on  tlie  left  side  was  then  rut  and  imniediatel^'  the  respirations 
on  the  dmr.icl<>r  usually  phown  when  both  vagi  are  severed, — respiratior 
=  34.     iNaxt  tlie  coUaiisoti  right  lung  wa,s  expanded  by  artificial  respirati< 
with  the  result  that  the  res[»initory  rate  at  once  returnetl  to  nonnal. 

Respiratory  Reflexes  from  the  Larynx,  Pharynx,  and  Nose 

— The  mucous  memlirane  of  the  lan-nx  receives  its  sensorv-  fibec:::^^ 
from  the  suiwrior  larv-ngeal  nerve.     When  this  nerve  is  stimulate    ^ 
artificially  the  respirations  are  always  inhibited;  the  chest  comee  t-*? 
rest  in  the  position  of  pa.ssive  ex]3iration.     The  same  effect  may  h»^ 

•  *  "Arcluv  f.  die  gesainiiitc  Physiologie,"  -12,  273 


Digitized  by 


Google 


INNERVATION    OF    THE    RnsPIHATORY    MOVEMENTS. 


685 


KftUt 


Kspec 


obtained  from  the  sensory  fibers  of  the  *:jIf>ssophan-ngeal  supplying 
the  pharynx,  and  indeei!  a  ternporan*  inhibition  of  respirations 
occurs  through  tliis  nerve  during  ever>'  act  of  swallowing.  The 
sensory  fibers  of  the  nasal  mucous  membrane  (trigeminal)  cause  a 
similar  reflex  inhibition  when  stimulated  by  injurious  or  so  called 
irrespirable  gases,  suc!i  as  HCl.  CU  NHj,  .SC)j,  etc.  We  may  regard 
this  inhibitorj'  influence  exerted  by  the  sensor\-  fibers  distributed 
along  the  air  passages  as  a  protective  reflex  which  guards  the  lungs 
.utoniatically    from    injurious   gases.     This    protective   action   is 

de  more  evident  by  the  fact  that,  together  with  the  cessation  of 
respirations,  the  glottis  is  refiexly  closeil  b}'  contraction  of  the  ad- 
ductor muscles  and,  if  the  stimulation  is  strong,  even  the  bronchial 
musculature  may  Ijc  contracted,  aa  that  in  every  way  the  passage 
to  the  alveoli  is  made  more  difficult.  The  reflex  is,  of  course,  more 
or  less  tem|K)rary,  but  it  po.ssesses  the  great  advantage  of  l)eing 
automatic,  and  may  enable  the  animal  or  individual  to  escape 
unharmed  from  a  dangerous  locality  liefore  the  incivasing  irritabil- 
ity of  the  respirator}'  center  breaks  through  the  inhibition.  In 
iai  cases  the  inhibition  may  last  for  an  unusually  long  time. 

us,  Fredericq  states  that  in  ac|uatic  birds  wat-er  allowetl  to  flow 
over  the  beak  so  as  to  penetrate  slightly  into  the  nastrils  brings 
about  an  inhibition  of  respirations  for  many  minutes.  There 
would  seem  in  this  case  to  f)e  a  special  adaptation  of  the  reflex  to 
the  needs  of  diving.  We  know  also  that  irritating  gases  or  foreign 
IxRlies  of  any  sort  that  enter  the  larynx  may  lead  to  a  coughing 
reflex, — that  is,  to  a  series  of  expirator>'  blasts  which  have  a  pur- 
poseful end  in  the  expulsion  of  the  stinuilating  object.  In  this  case 
there  is  not  simply  an  inhibition  of  the  inspirator}'  movements, 
but  a  reflex  excitation  of  a  peculiar  tyjje  of  exj)iratorv  movements^ 

The  Voluntary  Control  of  the  Respiratory  Movements. — 
We  can  control  the  respiratorv'  movements  within  wide  limits,  make 
forced  or  feeble  inspirations  or  expirations,  accelerate  the  rhythm, 
or  completely  inhibit  the  resj)irations  in  any  phase.  If,  however, 
the  "breath  is  held," — that  is,  if  the  re.sj>iratory  movejnents  are 
inhibitefi  and  the  glottis  is  closed,  the  increasing  irritability  of 
the  respiratory  center  eventual!}'  itreaks  tlirough  the  voluntary 
inhibition.  How  far  this  voluntary  control  is  liascd  ujion  direct 
connections  between  the  cerebrum  and  the  respiratory-  center  and 
how  far  it  de[>ends  upon  vohmtar\'  paths  to  the  separate  spinal 
nuclei  of  the  muscles  involved  cannot  be  discussed  profitably. 
The  Nature  of  the  Respiratory  Center. — ^The  respirator}' 
center  located  in  the  medulla  oblongata  might  with  more  propriety 
be  designated  as  the  inspiratory'  center.  Our  normal  respirations 
throughout  life  consist  of  an  active  inspiration  and  a  passive 
expiration.     It   is   the   co-ordinated   activity   of   the   inspiratory 
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muscles  that  is  characteristic  of  the  respiratory  movexiaents.  The 
expiraton'  muscles  come  into  action  only  occasionally  and  under 
apecial  conditions.     It  is,  in  reality,  incorrect  to  speak  of  the  normal 
respirations  as  consisting  of  alternate  inspirator}'  and  e-\pirator)' 
movements;   as  a  matter  of  fact,  they  consist  of  rhythmical  in- 
spiratory movements  alone.     So  also  when  we  descrilje  the  respirt- 
tory  center  as  essentially  automatic  we  refer  only  to  the  action  on 
the  inspirator>'  muscles,  since  a  series  of  active  inspiraton'  laovi- 
ments  is  the  essential  feature  of  respiration.     I'nder  certain  ren- 
ditions, however,  we  do  have  rhythmical  expiratory-  movements, 
active  expirations.    Such   movements  may  occur  independently 
of  the  respirations  proper,  as  in  coughing  and  laughing,  or  in  the 
straining  movements  of  defecation,  micturition,  and  parturition; 
or  they  may  occur  as  an  integral  part  of  the  respirations,  as  in  the 
forced  movements  of  dyspnea.     Under  the  conditions  of  partial 
suffocation,  for  instance,  as  the  blood  J>ecnmes  more  and  more 
venous  the  respirations  increase  in  force  and  active  expirations 
appear.    It  liecomes  a  question,  therefore,  as  to  the  existence  of 
what  might  be  called  an  expirator}'  center,  a  group  of  ner\'e  celb 
controlling  the  co-ordinated   activity  of  the  expirator}'  muscles. 
The  mere  fact  that  in  dyspnea  we  have  a  rhythmical  and  co-ordi- 
nated activity  of  these  muscles  seems  to  imply  the  existence  of  such 
a  center,  but  there  is  no  definite  experimental  knowledge  as  to  its 
location.     Assuming  that  there  is  such  a  center,  it  may  be  believed 
that  it  exists  in  the  medulla,  since  after  section  l^elow  the  medulla 
there  is  no  evidence  of  the  occurrence  of  rhythmical  expiratoi}' 
movements  even  in  extreme  conditions  of  venosity  of  the  blood. 
The  expiratory'  center  rnay  or  may  not  l>e  locate<l  !n  the  same 
region  as  the  inspiratory  center,  but  the  following  general  cha^ 
acteristics  ma\'  be  assigned  to  it:  In  the  first  place,  it  is  not  auto- 
matic; at  least  not  under  normal  conditions.     In  the  second  place, 
its  activity  must  \ye  dei^endent  in  some  way  upon  that  of  the  ha- 
spiratorj-  center.     Ji^ven  our  most  violent  respirators  movements 
show  an  orderly  sequence  of  inspiration  and  expiration, — and  we 
may  believe  that  the  action  of  the  expiratory'  center  is  conditioned 
by  the  previous  discharge  of  the  insjMratory'  center,  just  as  in  the 
heart  the  beat  of  the  ventricle  dejjends  upon  the  previous  systole 
of  the  auricle.     That  an  active  expiration  is  not  causetl  reflexly  by 
the  mechanical  expansion  of  the  lungs  seems  to  be  demonstrated 
by  the  fact  that  the  most  forcible  voluntarj'  inspiration  is  followed 
by  a  passive,  not  an  active  expiration.     Until  our  knowledge  is 
extended  by  further  experimental  work  we  may  consider  the  ex- 
pirator}'  center  as  a  group  of  cells  connected  by  definite  jjatlis  with 
the  expinitorj'  muscles  and  capable  of  being  stimulated  in  one  of  at 
least  four  general  ways:  (I)  In  special  reHexes,  such  as  coughing. 
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(2)  By  voluntary  control  from  the  cerebrum,  as  in  atrainiiig.  (3) 
By  stimulation  through  afferent  fibers  from  the  skin,  eepeeiaily  the 
pun  fibers.  (4)  By  the  action  of  an  increased  venosity  of  the  blood. 
Under  the  latter  two  conditions  it  is  possible  that  the  irritability 
of  the  center  is  so  increased  that  it  becomes  responsive  to  the  in- 
fluence of  the  inspirator>'  center.  The  relalion.s  of  the  inspiratory 
Md  expiratory  centers  under  the  various  conditions  of  artificial 
•timulation  are  verj'  complex,  and  although  it  is  possible  to  rep- 
Wait  these  relations  more  or  less  completely  by  schemata  of  some 
•oil  it  does  not  .seem  advisable  at  present  to  seriously  coasider 
■Hell  hypotheses. 

The  Accessory  Respiratory  Centers  of  the  Midbrain. — Several  ol^tserv'crs 

P*Wfalle<l  attention  to  the  existent-e  of  a  p<is.silile  aft-es-sorj'  respiratory  t-eiiter 

*»i  the  midbniin  at  the  level  of  the  posterior  coUiculus.    Martin  and  Boctker 

found  that  stimulations  in  this  reRicm  cauBed  a  marked  increase  in  the  rate 

'^  iiuipiratory  movementj^  ami  finally  a  standstill  in  inspiration, — that  ia, 

*  complete  tetanic  fontraftiou  of  the  inspiratory  niuscles  lasting  durin/i;  the 

•Simulation.*      Lewandowskyt  has  shown  that  set-tion  of    the  brain  stem 

^Jl  or  below  the  inferior  eolliculi  caiises  an  alteration  in  the  respiratory  rhythm 

Munilar  to  that  foUowiti^  section  of  both  va^.    After  eutt'ui^  thruuf;ti  the 

ierior  colliculi  furtlier  sections  more  postenorly  do  not  add  to  the  effec-fc, 

e  cooaiders  that  there  ia  an  automatic  inhibitor)-  renter  in  the  midbrain 

^hich  influeuces  continually  the  automatic  activity  of  tlie  medullary  center. 


The  Nature  of  the  Automatic  Stimulus  to  the  Respiratory 

Center. — We  have  accepted  the  view  that  the  respirator}'  (iiispira- 

tor>")  center  is  essentially  automatic,  although  ven,-  sensitive   to 

reflex  stimulation.    The  further  question  arises  as  to  the  nature  of 

the  automatic  stimulus.     Iiiaaniuch  as  the  activity  of  the  center 

controls  the  gaseous  exchanges  of  the  blood,  it  was  natural  fierhaps 

for  physiologists  to  look  to  the  gases  of  the  blood  for  the  origin  of 

the  int-emal  stimulus.     Experiments  show  beyond  question  that 

the  condition  of  the  gases  in  the  blood  has  a  direct  and  marked 

influence  upon  the  acti\ity  of  the  center.     If  for  any  reason  the 

blood  supplying  the  center  becomes  more  venous,  the  respirations 

^L  are  increased  in  force  or  rate  or  both,  and  indeed  the  activity  of  the 

B  center  is  in  a  general  way  increased  in  proi>ortion  to  the  venosity 

of  the  blood.     Un  the  other  hand,  if  the  blood  supplying  the  center 

^m  is  more  arterialized  than  nonnal,  by  active  ventilation  of  the  lungs, 

^B  for  instance,  the  center  acts  more  feebly  or  may  fail  to  act  altofrether, 

^■|^\'ing  the  condition  known  as  apnea.     These  facts  may  be  accepted 

^vas  completely  demonstrate:!,  but  they  do  not  go  far  enough.     When 

we  speak  of  the  arterial  blood  being  more  venous  than  normal  we 

mean  that  it  contains  less  oxygen  and  more  carlwn  dioxiil    than 

normal  arterial  bloo<l.     Which  of  the.se  conditions  servers  to  stinmlate 

*  Martin  and  liooJcer,  "Journal  of  Physiology,"  1,  370,  1878. 
t  "Archiv  f .  Pliysiologie, "   1896,  489. 
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the  center,  and  which  may  be  regarded  as  the  constant  stirnulu.'* 
throvip;hout  life  ?  The  three  possible  views  have  been  defended: 
(1 »  That  the  normal  stimukis  is  a  hick  of  sufficient  oxygen  (Rosen- 
thal). When  sufficient  O  Ls  sup{)lied  the  center  ceases  to  act, 
l)ecomies  apueic.  (2)  That  the  normal  stimulus  is  the  presence  of 
an  excess  m*  CO..  (Traulie).  Wliea  tliis  excretion  is  quickly  re- 
move<i  the  center  ceases  to  act, — becomes  apneic.  (3)  It  is  possible 
that  the  two  factors  may  co-operat ».  The  blood  that  flows  throuKh 
the  center  may  stimulate  the  cells  by  virtue  of  the  fact  that  it  does 
not  remove  the  CO,  fast  enougli  and  does  not  supply  sufficient 
oxygen.  Much  evidence  has  been  collected  to  show  that  the 
action  of  the  reapinitorv'  center  is  increased  when  the  tension  of  tlie 
(X>2  in  the  hlootl  is  raLsed  without  altering  that  of  the  ox>'gen  and 
that  a  simitar  result  is  obtained  if  the  tension  of  oxygen  is  greatly 
diminished  without  any  change  in  that  of  the  carbon  dioxid,  w 
♦  hat  it  ntiist  be  admitted  that  a  change  in  either  factor,  if  sufr 
ciently  great,  acts  as  a  stimulus.  Experiments,  however,  hft' 
indicated  that  the  accumulation  of  the  CO,  is  the  more  effici 
stimulus  of  the  two.*  Zuntz  refxjrts  the  following  interesi 
experiments,  in  which  the  extent  of  the  respiratory  movements  WM 
measured  by  the  amount  of  air  Ijreatlial  in  a  minute.  In  one 
the  ajiiount  of  oxygen  in  the  air  breathed  was  reduced.  This  el 
did  not  affect  the  quantity  of  carbon  dioxid  in  the  blood.  The 
following  results  were  obtained: 

Normal  air volume  breathed  per  minute  =  7,.325  to    9,000  «.cl 

Air  with  10  to  11.5  per 

i-eul.  oxygen "  "  "         "       =  8,1W5  to    9,428    ** 

Air  with   8  to    10    iier 

i-ent.  oxygen "  "  "        "       =  9,093  to  12,810  " 

A  reduction  of  one-half  of  the  oxygen  in  the  air  breathed  had  litUa 
effect  upon  the  respirations.  From  our  present  standpoint,  how- 
ever, the  imfwrtant  thing  in  not  the  amount  of  oxygen  in  live  air. 
but  the  amount  in  the  blood.  I'aul  Bert's  experimentsf  upoo 
living  animals  indicate  that  when  the  ox>'gen  of  the  air  is  redimd 
by  a  half  the  amount  of  oxygen  in  the  blood  is  diminisheil  by  about 
one-third.  Assuming  this  to  be  correct,  it  is  evident  that  a  vex)' 
considerable  reduction  may  be  made  in  the  oxygen  of  the  blood 
without  noticeably  affecting  the  respirations.  A  similar  concltuHO 
may  be  drawn  from  Haldane's  experiments^  with  carbon  monoxid. 
He  found  upon  breathing  mixtures  of  this  gas  that  no  distinct  effectt 
were  observable  until  the  blood  was  about  one-third  aaturated  wHb 
thi;  gas, — that  is,  had  lost  ono-third  of  its  oxygpn.     Zuntt't  «• 

•Sec  Zunlx,  "Arcliiv  f,  I'liysioloKin,"  1NW7,  .T7».     See  klao  Khnfliodw 
and  I!crl»T.  "  Zt'il.  f.  pliyniol.  <li«'inip,    2,  W.  nnd  3.  19. 

t  iVrrt,  "  Ldi  pri'fleinn  baroniotrique,"  1878,  601  • 

t  Hnldftnc,  "  Jounml  of  I'hyiciology , "  18,  *i2.  1.H95. 
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iments,  in  which  the  CO,  in  the  air  breathed  was  increased,  while 
*the  oxygen  remained  normal,  gave  quite  different  results,  as  follows : 

NotTDAl  air volume  breathed  per  minute,    7,433  c.c 

Air  of  20.2  per  cent.  O,  0.95  per 

cent.  CO, "  "  "        "  9.060    " 

Air  of  18.06  per  cent.  O,  2.97  per 

cent.  CO, "  "         "         "        11,326    " 

Air  of  18.42  per   cent.  O,  11.5  per 

cent.  CO, "  "         "         "        32,464    " 

I  These  and  similar  re.sults*  show  that  small  fiifferencos  in  the 
ftmount  of  the  carbon  dioxtd  in  the  l>loo<i  have  a  distinct  effect 
||ipon  the  acti\'ity  of  the  respiratory  center.  Under  normal  con- 
iditions  the  respiratory-  center  recei^-es  blood  containing  19  to  20 
Volumes  per  cent,  of  oxj'gen,  while  the  venous  biood  flowing  away 
from  the  center  still   holds  10  to  12  per  cent.    Considering  the 

•amall  eflfect  of  lowering  this  oxygen  supply  by  one-third,  it  is 
difficult  to  believe  that  normally  the  amount  of  oxygen  is  so 
deficient   for  the   normal   metabolism  as   to  set  up  a  constant 

•stimulus.  Tiie  trend  of  recent  work  favors  rather  the  view  that 
^e  noiinal  stimulus  to  the  respiratorj'  center  is  the  carbon  dioxid. 
When  this  substance  is  present  above  a  c€^rtain  amount  or  tension 
it  acts  as  a  .stimulus  and  gives  rise  to  the  moderate  movements  of 
normal  inspiration.  If  the  tension  of  the  carbon  dioxid  is  increased 
its  stimulating  action  becomes  stronger  and  leatls  to  the  production 
of  a  condition  of  hyperpnea  and  dyspnea.  On  the  other  hand, 
if  for  any  reason,  such  as  active  ventilation  of  the  lungs,  the  tension 
of  the  carbon  dioxid  in  the  blood  falls  below  a  certain  value, 
estimated  by  Zuntz  as  lying  between  19  and  24  mms.,  no  stimu- 
lation occurs,  the  center  is  in  a  condition  of  apnea  and  respiratory 
movements  cease.  Accepting  the  view  that  carbon  dioxid  in  the 
blood  circulating  in  the  medulla  constitutes  the  normal  stimulus  to 
the  respiratory  center,  one  naturally  inquires  why  a  deficient  supply 
of  oxygen  should  also  stimulate  the  center.  It  is  true,  as  stated 
above,  that  the  supply  of  oxygen  may  be  diminished  considerably 
before  any  augraentetl  action  of  the  center  is  observed,  but  there 
^Haeeins  to  be  no  question  that  tlysiiiu'ic  movement-s  result  whvn  the 
^Hoxygen  to nsiou  falls  below  a  certain  point.  Onr  explanation  has  bt'rn 
■suggested  which  may  be  accepted  provisionally  at  least.  We  may 
believe  that  in  the  metabolism  of  the  nerve  cells  constituting  the 
center,  a.s  in  the  metabolism  of  the  museU*,  certain  organic  acids, 
luch  as  lactic  acid,  arc  formed  which  in  the  presence  of  a  normal 
supply  of  oxygen  are  further  oxidized.  When,  however,  the 
oxygen  supply  is  insufficient  these  acids  may  accumulate  and  serve 
as  a  stimulus,  either  directly,  or  indirectly  by  nvaking  the  cells 

'See  Haldane  and  Priestley,  "Journal  of  Physiology,"  32,  225,1905. 
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more  irritable  to  the  effect  of  the  earlion  dioxid.*  This  point  oi 
view  enabtas  us  to  understand  also  some  interesting  results  of  the 
effect  of  breathing  oxygen.  When  one  holds  his  breath  the  c&rbon 
dioxid  tension  in  the  blood  inoretwes,  and  eventually  the  stimulus 
Fx'comes  so  strong  that  respirations  eiu'Ue  in  spite  of  the  strongest 
effort  to  inhibit  them.  This  "  breaking  point  "  is  reachedt  in 
23  to  77  sivMjntls  when  the  carbon  dioxid  in  the  alveoli  of  the  lun^ 
hap  a  concentration  of  0.2  to  7.5  per  cent.,  an* I  the  oxygen  is 
reduced  to  9  to  11  per  eent.  If  before  hol<ling  the  breath  the  lungs 
are  filled  with  oxygen  by  taking  stiveral  breaths  of  the  pure  gas, 
the  breaking  point  may  be  prolongetl  to  as  much  as  160  seconds, 
and  one  observer  (Vernon)  reports  that  if  the  lungs  are  first 
thoroughly  aerated  by  forced  breathing,  so  as  to  wash  out  the  car- 
bon dioxid  in  the  alveoli,  and  at  the  end  pure  oxygen  is  lireathedin, 
the  breaking  point  may  be  deferred  as  long  as  eight  minutes. 
Evidently,  therefore,  an  accumulation  of  carbon  dioxid  in  the 
blood,  as  indicated  by  the  composition  of  the  alveolar  air,  Is  leas 
efficient  as  a  stimulus  to  the  center  when  an  adequate  supply  of  oxj'- 
gen  is  provided,  and  this  fact  may  be  explained  on  the  hypotheas 
that  the  oxygen  prevents  the  accumulation  of  the  acid  products  of 
metabolism. 

The  Cause  of  the  First  Respiratory  Movement. — The  mam- 
malian fetus  under  normal  ccmditions  makers  no  respiratory  move- 
ments while  in  tUero.  After  birth  and  the  interruption  of  the  pla- 
cental circulation  the  first  breath  is  taken.  The  cause  of  this 
sudden  awakening  to  activity  on  the  part  of  the  respiratory  center 
must  be  closely  connected,  if  not  identical  wth,  the  cause  of  the 
automatic  activity  of  the  center  throughout  life.  Two  or  perhaps 
three  views  have  been  held  regarding  its  immediate  cause:  (1) 
That  it  is  due  to  the  increased  venosity  of  the  blood  brought  about 
by  the  interruption  of  the  placental  circulation ;  (2)  that  it  is  due  to 
stimulation  of  the  skin  by  handling,  drying,  etc.;  (3)  that  it  is  due 
to  a  combination  of  these  causes.  Preyer  has  shown  that  stimula- 
tion of  the  skin  of  the  fetus  while  in  ittero  and  with  the  placental 
circulation  intact  sufficies  to  cause  respiratory  movements.  Cohn- 
stein  and  ZuntzJ  have  sho^vn  that  iiiteirmption  of  the  placental 
circulation  while  the  fetus  is  kept  bathed  in  the  amniotic  liquid  also 
brings  about  respirations.  Since  both  of  these  events  occur  normally 
at  birth,  we  may  believe  that  each  aids  in  causing  the  first  respira- 
tion, antl  indeed  it  may  be  neces.sary  at  times  deliberately  to  in- 
crease the  stinudation  of  the  skin  in  order  lo  bring  on  respirator)* 
movements,  If  the  two  causes,  stimulation  through  the  nerves  and 
stimulation  through  the  blood,  normally  co-operate,  it  may,  how- 

*  Haldane  and  Poulton,  "Journal  of  Physiology,"  37,  390,  190S. 

t  Hill  and  Flack,  "Journal  of  FhysioloRy,"  37',  77,  1908. 

i  Cohiistein  and  ZuuU,  "XTcti.  I,  Aw  w^asMu^^  P^^YWol,"  42.  342,  1888. 
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ever,  be  said  that  the  essential  oauf^e,  aceortling   to  tho  theory 

adopted  in  the  precetiing  paragraphs,  lies  in  the  greater  venosity  of 

the  blood,  that  is.  the  inci-eased  tension  of  the  carbon  dioxid  follow- 

g  interrupt  ion  ol'  the  placental   circulation.     During  the  intra- 

terine  perio<l  it  \s  evident  that  the  fetal  blood  is  aerated  so  well 

exchange  with  the  maternal  blood  that  it  doeK  not  act    xs    a 

imulus  to  the  fetal  i-espiratoiy  center.      The  fetus  is,  phy.siolog- 

irally  spejiking,  in  a  condition  of  apnea.     Since  the  maternal  blood 

acts  upon  the  respiniton,'^  center  of  the  mother,  while  the  fetal 

bloo<l  which  exchanges  gases  with  it  does  not  act  on  its  ovvt>  respira- 

Ty  center,  it  follows  that  the  fetal  respirator}'  center  po.ssesses  a 

wer  degi-ee  of  irritability  than  that  of  the  mother. 

Dyspnea,  Hyperpnea,  Apnea. — By  the  term  dyspnea  in   its 

idest  sense  we  mean  any  noticealtle  iniTea.se  in  the  force  or  rate  of 

e  respiratoiy  mnvenients,     ,\s  saifl  above,  such  a  ronfittinn  ma}' 

be  caused  either  by  stimulation  of  sensory  nerves,   particularly 

the  pain  nerves  or  the  sensory  fibers  of  the  vagus  distributeil 

to  the  lungs  themselves,  or  by  an  increased  venosity  of  the 

tblood — that    is,  by  an  increase    in    the  CO,  or  by  a  marked 

«Tease  in  the  oxygen.     Changes  of  other  kinds  in  the  com- 

ition  of  the  blood,  some  of  which  are  considered  in  the  next 

chapter,  may  also  stimulate  the  respiratory  center  and  cause 

dyspnea.     The    dyspneic    movements    naturally    show    many 

degrees  of  intensity  corresponding   with   the   strength   of   the 

itimulus,  and  sometintes  the  initial  stages  are  designated  as 

perpnea,   while  the  term  dyspnea  is  reserved  for  the  more 

^bored  breathing  in  which  the  expirations  are  active  and  forced. 

When  dyspnea  is  produced  by  withholding  air  (suffocation)  the 

respiratory'  nno\ement8  become  more  and  more  violent  until  they 

take  on  a  convulsive  character.     This  stage  is  succeeded  by  one 

of  apparent  calm,  indicative  of  exhaustion  of  the  centers.     Deep. 

long-drawn  insiiirations  follow  at  intervals  and  finally  cease.     The 

animal  lies  ()uiet!y,  with  feeble  heart  beat  and  dilated  pupils,  in 

a  condition  designated   as  asphyxia  or  complete  asphyxia. 

The  tenn  apne^i  means  literally  a  condition  of  no  breathing,  and 
ance  this  comlition  may  occur  from  several  causes  some  confusion  in 
nomenclature  has  resiilted.     In  medical  literature  the  term  is  some- 
times employed  as  a  .synon>'m   for  asphyxia  or  suffocation.     In 
physiological  literature  it  is  restricted  to  a  ver>'  interesting  con- 
dition which  is  of  great  importance  with  reference  to  the  theories 
I     of  respiration.     This  condition   is  one  of  cessation  of  breathing 
^bkovcments  due  to  lack  of  stimulation  of  the  respirator}*  center. 
^Ht  is  l)rought  about   by  rapid   and   prolonged  ventilation  of  the 
^HplgS.     If.  for  instance,  in  a  rabbit  or  other  animal,  a  tracheal 
^^Bnnula  is  inserted  and  connected  with   a   Ir'Uows  or  respiration 
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apparatu-s,  the  lungs  may  Im»  inflated  artifirially  at  a  rapid 
for  any  given  period  of  time.  If  such  an  experiment  is  pflfi* 
formed  it  will  be  found  that  when  the  blasts  are  stopped  the 
animal  makes  no  breathing  movements  at  all,  sometimes  for  a  con- 
sidpral>le  interval.  When  the  respirations  start  again  they  bepn 
with  fwrble  movements,  which  graflually  increase  to  th«;  normal  am- 
plitude (Fig.  281).  Une  may  produee  a  similar  condition  upon  him- 
self, approximately  at  tea.st,  by  a  series  of  rapid,  forced  inspirations. 
The  question  of  importance  is:  Why  does  the  respiratory  center 
cease  to  act?  The  numerous  researches  made  upon  this  condition 
stHim  to  show  verj'  clearly  that  in  the  ordinary  method  used  to  pro- 
duce it  two  factors  co-operat«,  namely,  a  change  in  the  condition  of 
the  gases  of  the  blood  and  a  stimulation  of  sensor>'  )il)er8  in  the 


ng.  281  —To  ahnw  the  rveovary  front  apno^.  The  ■nimkl  (rmbbiO  h*<l  bMO  ««•»' 
l»tcd  with  •  liellciws  and  throtrn  into  a  oooditinn  of  apnok  ahoini  at  tba  bMMM 
of  the  record.  The  rcMpirstioiu  returned  firM  a«  f«ebl«  movaoMak*  wbieb  fimdtiiuiy  a- 
MWued   to  the  normal. — (.Dav4on.) 

lungs.  Since  either  one  of  these  factors  alone  may  caum  » 
cessation  of  breathing,  some  authors  have  distinguished  lw«J 
kinds  of  apnea,  apnea  vera  or  chemicai  apnea,  and  apnea  v»Ki 
or  inhibitory  apnea.  Whether  or  not  it  ia  pr(»per  to  speak  of 
this  latter  condition  as  apnea  depends  altogether  upon  tl* 
definition  one  gives  to  the  terni.  If  we  adhere  to  the  definition 
suggested  alxne,  namely,  that  apnea  ia  a  cessation  of  bret 
due  to  lack  of  stimulation  of  the  respiratory  center,  then 
inhibition  of  respirations  produced  by  stimulation  of  the  vm^ 
the  so-called  apnea  vagi,  ought  not  to  1)e  inciude<l  under  the 
term.  It  is  generally  stated*  that  after  section  of  the  vagi  it 
is  more  difficult  than  in  the  normal  animal  to  produce  apoM 

*S«c  IIiwl,  "Journal  »(  PhysioIoKy,"  10,  1,  and  27d,  1880. 
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by  vigorous  artificial  respiration,  bo  doubtless  in  this  last  proce- 
dure, as  usually  carried  out  with  a  bellows,  thf!  rapid  stimulation 
of  the  inhibitory  fibers  of  the  vagus  by  the  expansion  of  the 
lungs  facilitates  the  produetion  of  a  true  or  chemical  apnea  de- 
?ndent  upon  a  change  in  the  gases  of  the  blood.  That  clieiniral 
apnea  may  exist  is  shown  by  the  fact  tliat  after  section  of  both  vagi 

r^apnea  may  still  he  produced  \iy  artificial  respiration,  and,  indeed, 
?veral  observers*  find  that  after  section  of  lijoth  vagi  and  of  the 
leduUa  above  the  respiratory  center  the:  animal  may  still  be  made 

"apncic.  In  such  cases  it  is  difficult  to  see  any  other  cause  for  the 
apnea  than  a  change  in  the  gases  of  the  blood.  Rosenthal  assumed 
that  the  apnea  is  due  to  an  overoxygenation  of  the  blood,  but  since 
the  vigorous  resjHrations  lower  especially  the  contents  of  the 
blood  in  COj  it  is  probable,  as  Insisted  upon  by  Traul.ve,  that 
this  latter  factor  is  the  more  important.  In  the  preceding 
paragraphs  evidence  has  been  given  to  show  that  the  normal 

I  stimulus  to  the  center  is  due  to  the  presence  of  CO,,  and  it  fol- 
lows logically  that  the  more  complete  removal  of  this  gas  by  venti- 
lation of  the  lungs  should  be  considered  as  the  chief  cause  of  true 
apnea.  Experimentally,  this  view  is  well  borne  out  by  an  old  obser- 
vation of  Bems,  according  to  which  a  condition  of  apnea  in  a  rabbit 
Bpiay  be  cut  short  in.stantly  at  any  moment  l)y  a  blast  of  CO,  sent 
Into  the  hmgs,  a  blast  of  air  having  no  such  effect.  This  observa- 
tion is  further  supported  by  recent  experiments  l>y  Mtjssof  upon 
men,  in  which  he  shows  that  apnea  cannot  be  produced  bj' 
inflation  with  carbon  dioxid.  This  author  designates  the 
condition  of  diminished  COj  in  the  blood  as  acapnia.  According 
to  this  terniinologj',  true  apnea  is  due  to  a  condition  of  acapnia. 

kMuch  other  work  has  tended  to  strengthen  the  general  view 
at  a  certain  tension  or  pjressure  of  CO,  in  the  bloud  is  neces- 
ry  to  stimulate  the  respiratory  center,  and  that  if  the  CO,  is 
washed  out  to  a  certain  point  by  unusual  ventilation  of  the 
^lungs  (condition  ctf  acuiniia),  then  the  respiratory  center  ceases  to 
^Kive  off  its  rhythmic  discharges.  There  is  no  desire  to  breathe 
^Knd  the  animal  lies  quiet  in  a  condition  of  apnea.  Voluntary 
H»>rced  respiration.s  in  man  maintained  for  some  minutes  will 
produce  a  similar  condition.  According  to  the  interesting 
:count  given  by  Hald^me  and  PoultunJ  an  apnea  may  be 
produced  in  this  way  which  will  la.st  for  100  to  150  seconds,  and 
jfore  the  inrlividual  begins  to  breathe  again  he  may  become 
rery  blue  in  the  face,  owing  to  the  loss  of  oxygen  from  the 
lood.  Henderson^  has  given  experimental  evidence  to  show 
•  Lnowy,  "Arrhiv  f.  iHc  Kcsftmmti^  Phywiologir,''  42,  24.'),  1888;  and 
iiigt-miorft,  "Arrhiv  f.  Ph>sioli>KM\"  INSS,  p"  2.Hti, 

t  Moeso.  "  Arr.hivi'.-i  itiilicrincH  (W  biol<JKii',"  40,  1,  VMXi. 

{Haiilani-  and  Poullon,  "  .Irmmal  of  PhyHloloiy."  :i7,  liSM),  I'JOS. 
Hendemon,  "American  Jourual  o(  PLysiiology,"  21,  128,  I  DOS. 
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that  a  marked  diminution  in  the  pressure  of  the  CO,  io  K^iie 
blood,  brought  about  by  fnrcetl  respiration,  may  cause  not  ot:»7i 
a  roriflition  of    apnea  but  also  a  feeble  rapid  heart-beat,  wfr/t 
fall  of  bluod-pressure  and  the  syniptotus  of  surgical  shock.   It   i> 
known  that  a  cessatiitn  of  res]>iration8  may  be  brought  ahoui  in 
still  a  third  way,  namely,  by  a  condition  of  nmre  or  less  romplet*' 
anemia  produced  by  shutting  off  the  blood-supply  to  the  resjiira- 
tory  center.     The  lack  of  activity  in  this  case  is  probably  not  < 
true  apnea  in  the  sense  of  the  term  given  above,  since  we  may 
suppose  that  under  these  conditions  the  tension  of  the  cailwn 
dioxid  increases  rather  than  decreases.     In  other  words,  there  b  no 
removal  of  stimulus,   but  the  cells  have  lost  their  irritabilily. 
and  hence  fail  to  respjond  to  stimulation. 

lanervation     of     the     Bronchial     Musculature. — Nuiuerous 
investigators,     using    different     methods,     have     demonslralwl 
that  the  bronchial  musculature  is  supplied  through  the  vagu» 
with     motor    and    inhibitory    fibers,     brouchoconstrictur  and 
brtmchodilator  fibers,  as  they  are  usually  called.*     Stimulation 
of  the   constrictors   causes    a   narrowing   of   the   bronchi,  ami 
therefore   increases  the   resistance  to   the   inflow   and  outflo* 
of    air.     Some    observers    state    that    these    fibers    are   noT- 
mally  in  a  condition  of  tonic  activity  (Roy  and  Brown),  b^^ 
others  find  little  evidence  for  this  belief.     An  artificial  tonus" 
that  is,  a  condition  of  maintained  activity  of  the  constrictor  fibe<^^ 
may  be  set  up  b\-  the  action  of  a  nimiber  of  drugs,  such  as  mu8C»i^' 
pilocarpin,  and  phyaostigmin,  which  in  this  ease,  as  in  so  n^^^- 
other  Instances  of  autonomic  fibers,  are  supposed  to  stimulate^   ^^ 
endings  of  the  fibers  in  the  lungs.     Their  effect  is  removed  by  ^"^ 
action  of  atropin.     These  fibers  are  stimula(prl  also  during  th^   **" 
citatory  stages  of  asphyxia.     Reflex  stimulation  of  the  eonstricr  '*-^^ 
is  olitained  most  reatUly  (Di.xon  and  Brodie)  by  irritation  of 


the 


imsa!  niucou.s  nicnitmmc,  and  it  seems  probable  that  in  bronc"^  ^ 
or  spasmodic  asthma  these  fil>ers  are  also  stimulated  reflp^  ^^ 
The  normal  conditions  under  which  the  constrictors  and  dila  •^ 
are  brought  into  play  can  scarcely  l>e  stated.  Irrita.ting  vapoi  -J^ 
even  CO,  lead  to  a  bronchoeonstriction  and  this  reflex,  as  statecr^'^ 
p.  685,  may  be  regarded  as  protective.  When  a  constriction  of  f** 
bronchial  musculature  exists  it  may  be  abolished  by  the  paraly^^'^ 
action  of  atropin,  or  temporarily  by  injections  of  extract*  ** 
lobelia  or  by  the  anesthetic  effect  of  inhalations  of  chlorofonxr*  '"' 
ether.    Nieotin  also  causes  a  dilatation. 

*  For  references  to  literature,  see  Di.xon  aud  Brodie,  "Journal  of  PImJ** 

o!ogy,"29,  97,  1<J03. 
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The  Effect  of  Muscular  Work  upon  the  Respiratory  Move- 
ments.— It  is  a  matter  of  common  experience  that  muscular  ex- 
ercise increases  the  rate  and  amplitude  of  the  respiratorv-  move- 
ments. Roughly  ajjeaking,  the  increase  is  projH»rtioual  to  the 
amount  of  muscular  work,  jiiul  the  relationsliip  is  evitJently  a  berie- 

Ificial  adaptiition.  The  greater  the  amount  of  work  done,  the 
larger  wiJl  Ije  the  amount  of  CO,  produced  and  the  greater  will  be 
the  need  of  oxygen.  Tlie  adaptation  was  formerly  exjitained  in 
udiat  .seemed  to  he  an  entirely  sitisfacton,-  way  by  a-s-suniing  thai 
the  increased  cimsumptiou  of  (t  and  the  greater  pniduction  of  COj 
ill  the  muscles  resulted  in  rendering  the  blood  more  venous,  and 
consequently  the  respiratory  center  was  stimulateil  more  strongly, 
and  indeefl  proportionally  to  the  muscular  effort..     Geppert  and 

IZuntz,*  however,  have  shown  by  gas  analyses  that  whatever  ma>- 
fce  the  condition  of  the  venous  blood  during  muscular  exercise 
(the  arterial  blood  sent  out  from  the  left  heart  shows  no  constant 
'Change  in  the  cjuantity  or  tension  of  the  contained  gases.     They 
prove*!,  also,  that  the  effect  on  the  center  is  Tiot  simply  a  reflex 
from  the  nerves  in  the  niiisclcs,  since  wlieu  the  hind  limbs  were  made 
to  contract  by  stimulation  the  respirator}"  center  was  affected  in 
^^^e  usual  way  although  all  the  nerve  connections  were  destroyed. 
^PThe\'  conclude,  therefone.  that  the  resi)iratory  effect  of  muscular 
work  must  be  due  to  certain  sulistanros  produced  in  the  miuscle  and 
^^ven  off  to  the  blood.     Other  experiments  (Lehmann)  make  it 
Hprobable  that  these  substances  are  the  acid  products,  lactic  acid  and 
acid  phosphates,  known  to  be  forrncil  in  muscle  during  contraction, 
I      and,  indeed,  it  can  be  shown  that  the  lactic  acid  in  tlie  blood  is 
^Kncreased  during  muscular  exercise,  f     The  arlaptive  reaction,  by 
^Kneans  of  which  the  need  of  the  ctuitracting  muscles  for  more  oxygen 
BcJB  met,  may  be  explained,  therefore,  as  follows:   Owing  to  the 
greatly  increased  metabolism  in  the  contracting  muscle  the  resting 
supply  of  oxygen  is  inadequate  to  oxidize  the  acid  intennediary 
profiucts  of  metaboUsm,  these  latter  escape  into  the  l>lood-stream, 

•  Geppert  and  Zuniz,  "  Archiv  f .  die  gesatmrnte  Physiologie,"  42,  189,  1888. 
t  Ryflt*!,  "Jouroul  of  Physiology."  39,  1909. 
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and  by  stimulating  the  respiraton,'  center  (and  accelerating  thr 
heart-rate)  they  occasion  a  more  abundant,  supply  of  oxygen  to 
the  muscle. 

The  Effect  of  Variatioiis  in  the  Composition  of  the  Air 
Breathed.— Variations  in  tht^  amount  of  nitroRon  in  the  inspirptl 
air  have  no  distinct  physiological  effect.  The  important  elementa 
to  consider  are  the  oxygen  and  the  carbon  dioxid. 

Increased  Percentages  of  Oxygen,^The  normal  pressure  of  oxygen 
in  the  air  is  20  pjer  cent,  or  152  nuns.     We  may  increase  this  pr»- 
flure  either  by  changing  the  volurae  per  cent,  of  the  gas  or  by  raising 
the  barometric  pressure  by  compression.    The  somewhat  natural 
supposition  that  breathing  pure  ox>'gen — that  is,  oxygen  at  a  pres- 
sure of  76()  mm. — should  have  a  beneficial  effect  on  the  oxidatiooa 
of  the  body  has  found  no  support  in  physiological  experiments. 
Atmospheric  air  supplies  us  vdth  an  excess  of  oxygen  over  the  needs 
of  the  body;  a  still  further  increase  of  this  excess  has  no  poative 
advantage.     This  is  true  at  least  for  ordinary  conditions  of  rest  or 
iiiuderate  activity.     In  excessive  and  |>ro!onged  aiuscular  exertion 
the  supply  may  be  inadetjuate,  and  uiuter  these  or  similar  condi- 
tions an  increa.se  in  the  percentage  of  oxygen  in  the  respired  air 
would  naturally  be  advantageous.     Paul  Bert,  in  his  interesting: 
work  on  barometric  pri-ssures,*  has  called  attention  to  the  fact  tV\a< 
at  a  certain  pressure  oxygen  is  not  only  not  beneficial,  but,  on  ^\^'' 
contrary,  is  markfxlly  toxic.    From  experiinpnt.s  made  upon  a  g^*^*^ 
variety  of  animals  and  plants  he  conclude«l  tiiat  all  living  things  ^^' 
killed  when  the  oxygen  pressure  is suffitnently  high, — say,  300  to    ^^ 
jwr  cent.     Warm-blooded  animals  die  with  convulsions  when  s=^^;^ 
mitted  to  3  atmospheres  of  pure  oxygen  or  15  atmospheres  of      *^^ 
At  these  high  pressures  the  blootl  contains  about  28  volumes  of  *^^5' 
gen  to  each  ICK)  c.c.  of  btuoil  instead  of  the  usual  20  volumes.  ^  , 

additional  8  volumes  are  contained  in  solution.    Fish  also  are  kt-— 
when  the  oxygen  pre.ssiire  is  increased  to  such  a  point  that  the  ws-— '* 
contains  10  volumes  of  dissolved  oxygen  to  each  J  00  c.c.     In  n" — '^^^ 
recent  experiments  by  Smith,!  made  upon  mice,  it  was  found  t 
oxygen  at  pressures  of  100  per  cent,  to  130  per  cent,  proves  f&j^^     ^j 
in  a  few  days,  the  animals  showing  inflammator>'  changes  in  ^% 

lungs.     Oxygen  at  180  per  cent,  kills  mice  and  binls  within  twen^^^**^ 
four  hours.     Pressures  of  two  atmospheres  of  air  (40  j)er  cent.    -^  '" 
have  no  injurious  effect.     No  aderpiate  chemical  explanation  c —      '^ 
be  offered  at  present  for  this  toxic  action  of  oxygen  at  high  tensio 
The  matter  is  one  of  practical  importance  in  cormection  with  c 
and  submarine  work  and  the  therapeutical  use  of  oxygen. 

Decreased  Percenbiges  of  Oxjfgvn. — Numerous  observers  ( 

♦"La  pression  barom Arique, "  p.  764,  Paris,  1878, 
t"  Journal  of  Physiolojty, ''  24,  19,  1899. 
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Tuntz,  el  al.)  have  shown  that  a  fall  in  oxygen  pressure  has  no 
perceptibly  injurious  result  until  it  reaches  about  10  per  cent.  At 
or  somewhat  below  this  pres-sure  the  hemoglobin  is  unable  to  take 
4p  its  full  amount  of  oxygen,  and  the  body  consequently  suffers 
>m  a  real  deficiency  in  its  o3cygen  supply,  a  condition  designated 
Bs  anoxemia.  According  to  Bert's  experimental  results,  death  with 
con\ailsions  quickly  follows  a  fall  of  atmospheric  pressure  to  25() 
mms.  (oxj'gen  pressure,  50  mma.  or  6  to  7  per  cent.).  Animals 
supplied  with  an  atmosphere  containing  a  deficient  amount  of 
oxygen  show  dyspneic  respirations,  which  increase  in  violence 
and  finally  become  convulsive.  The  ordinary  syniptonis 
described  for  death  from  asphyxia  are  due,  therefore,  to  the 
anoxemia — that  is,  lack  of  oxygen — not  to  the  accumulation 
of  CO,. 

Increased  Percentages  of  Carbon  Diaxid. — It  was  pointed  out 

clearly  by  the  researches  of  Friedland<T  and  Herter*  that  death 

^Y)m  increased  percentages  of  COj  is  accompanied  by  symptoms 

■lute  different  from  those  due  to  lack  of  oxygen.     As  the  CO,  is 

mcreased  a  noticeable  hyperpneA  may  he  observed  (Zuntz)  at  a 

_concentration  of  about  3  per  cent.   When  the  c<}nrentrati()n  of  COj 

:hes  8  per  cent,  to  10  or  15  per  cent,  there  is  distinct  dj'spnea; 

It  beyond  this  point  further  concentration,  instead  of  augmenting 

respirations,  decreases  them,  and  the  animal  dies,  at  concen- 

itions  of  40  to  50  per  cent./  without  convulsions,  but  with  the 

appearance,  rather,  of  a  fatal  narcosis. 

■     High  and  Low  Barometric  Pressures,  Mountain  Sickness, 

Caisson  Disease,   etc. — High  barometric  pressures  arc  used  in 

submarine  work,  diving,  caisson  work,  etc.    As  stated  above,  it 

follows  from  the  work  of  Bert  and  Smith  that  when  the  pressure 

fches  5  to  6  atmospheres  long  continuance  in  it  may  be  followed 
injurious  or  fatal  results  due  to  the  toxic  action  of  the  oxygen, 
the  pressure  is  increased  to  15  atmospheres  the  toxic  influence 
of  the  oxj'gen   brings  on   death  with   convulsions.     Practically, 
however,  such  pressures  are  not  encountentMl  in  submarine  work. 
^  caisson  is  a  wooden  or  steel  chamber  arranged  so  that  it  m&y 
■e  sunk  under  water.    The  water  is  driven  out  by  air  under  pres- 
sure.    Since   the  pressure   increases    1    atmosphere   for  each    10 
jneteiB  (33  feet),  it  will  be  seen  that  verj'  high  pressures  of  air 
not  usually  required.    Caisson  workers  are  at  times  attacked 
serious  or  even  fatal  symptom."},  not  while  in  the  compressed 
r,  but  during  or  after  the  ''  decompression"  that  is  necessary  in 
w  return  to  normal  conditions.     The  symptoms  consist  of  pains 
jn  the  muscles  and  joints,  paratysis,  dyspnea,  congestion.     Those 

•Friedlander  and  Herter,  "Zeitschrift  f.  physiol.  Cliemie,"  2,  9Q,  1878, 
:J,  K>,  1879. 
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who  have  investigated  the  subject  *  state  that  the  injurious  results 
are  due  to  u  too  rapid  decompression.  When  this  occurs  the  gases 
in  the  blood,  particularly  the  nitrogen,  are  suddenly  liberated  ag 
bubbles,  which  block  the  capillaries  and  thus  produce  anemia  io 
different  organs.  If  the  decompression  is  effected  gradually  no  evil 
results  follow. 

The  effect  of  low  barometric  pressures  is  chiefly  of  interest  in 
connection  with   residence  in  high  altitudes,  balloon  ascensioDS, 
etc.     At  certain  altitudes,  from  30(K)  to  4000  meters,  disagreeable 
symptoms  are    ex{>erienced    by   many   persons,   especially  after 
miiscular  effort,  whicli   are   designated   usually  under   the  tenii 
mountain  sickness.     The  individual  so  affected  suffers  from  head- 
ache, nausea,  vertigo,  great  weakness,  etc.     Much  investigation, 
esfM^f'ially  of  recent  years,  has  Inien  devoted  to  this  subject.  |    Pnul 
Bert  concluded,  from  his  numerous  experiments,  that  a  fall  inlaro- 
metrif  fjressure  acts  ufwn  tlie  organism  only  in  so  far  as  there  if) a 
diiuituitiou  of  the  partial  {jresaiire  of  the  oxygen  in  the  air  respired. 
This  view  has  been  genenilly  accepted  in  physiologj',  and  moimtaiu 
sickness  and  similar  (listurl>ances  in  balloon  ascents  have  been 
explained,  therefore,  jus  due  iiminly  to  the  lack  of  oxygen, — thatLs 
to  the  condition  of  anoxemia,     Mosso,  on  the  contrary,  has  insistd 
upon  the  i>art  playetl  by  the  carbon  dioxid.     He  gives  experi- 
ments to  show  that  there  is  a  diminution  in  the  carbon  dioxid 
contents  of  the  blood  (a  condition  of  acapnia),  and  it  is  to  tlii«r 
rather  than  to  the  anoxemia,  that  he  woukl  attribute  the  physio- 
logical  results  of   low   barometric   i>reastiree5.     Other   authors  lay 
stress  upon  the  mechanical  disturbances  of  the  lung  circulation, 
while  still  others  assvmie  that  certain  vaguely  imderstood  coainical 
influenco-s — such  as  the  electrical  ctmdition  of  the  air,  its  ioniza- 
tion, or  radiations  of  some  kind — may  affect  the  metabolisms  o^ 
the  body  and  thus  protluce  the  symptonm  in  question.     It  woul'i 
seem  that  the  whole  matter  is  more  complex  than  was  at  fi'^^ 
sujiposed.     At  a  height  of  4000  meters,  at  which  mountain  Bi<^^* 
ness  is  apt  to  occur,  the  barometric  pressmi;  is  460  nuns.,  so  ti^^ 
there  is  an  oxygen  pressure  of  92  mnis., — a  pressure  high  enoiife"^ 
HUf  would  suppose,  not  to  endangi'r  the  oxygen  supply.     Mo^* 
states,  also,  from  experiments  upon  monkeys,  that  lowering    ^"' 
iMiromctric  pressure  sufficiently  (to  about  250  nuns.)  causes   ^^ 
oonsciousnes.s  (sleep)  even  when  the  partial  pressure  of  the  axyff^ 
is  kept  normal.    The  historical  incident  of  the  death  of  Sivel  f*** 

*fJce  Bert,  loc.  di.,  p.  939;  also  Hill  and  MacLecxl,  "Journal  of  Ph>'^ 
oloj^y, "  29,  382.  and  "Journal  of  Hygiene. "  3,  -107 

t  See  "Zunts!  ct  ai.  H6h*-nklinm  u.  BergwanckTungen  in  ilirer  Wjrk**^ 
auf  d.  Menschcn."  Berlin,  I!)(MJ.  Mosso  and  Morro,  "  Archivea  italienaes  * 
biologie,"  .19,  387,  also  vole.  40  and  41.  t'ohntioim,  article  on  "  Alpiniani»^i 
"Ei)^bni88e  der  PhyiiTologie,"  vol.  ii.,  part  1,  1903. 
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Croce-Spint'lli  at  an  altitiiik>  of  StiUO  meters  (barometric  pressure, 
262  mms.;  oxj'gen  pressure,  52.4  nuiis.)  seems  to  indicate  also  that 
something  more  than  mere  ditniimtioti  in  oxygen  pressure  is  respon- 
sible for  the  effects  of  extremely  liigh  altitudes. 

The  incidents  eonne<'ted!  with  the  a-'^cent  in  the  Iwillooii  Zenith  of  Rivel, 
Croc^-Spioelli,  and  Tiwandier,  April  15,  1875,  are  ilesrribed  in  detail  by  tlie 
last  named  in  "La  Nature,"  1875,  p.  337,  <i1to  in  Bert'-*  "La  pres.sion  baro- 
metrique,"  n.  IfKU.  Only  Ti-ssandier  snrvtvetl.  The  Imllnonists  were  pro- 
vided witli  nags'  pontiuninR  oxy((en  (72  7)ercent.),  but  they  were  \anable  to 
make  satisfactory  use  of  them  since  shortly  after  passing  7.iOb  meters  tbey  be- 
came so  weak  thai  tlie  effort  to  raise  the  arm  ta  seize  the  o.xygen  tube  waa 
impossible.  Tiiwandier's  lerraphic  description  relates  that  at  8000  meters 
it  was  imfhOssible  for  him  to  speak,  iindf  timt  .sht)rtly  afterward  he  became 
entirely  unconscious.  None  of  the  three  sen-uis  to  have  shown  any  sign-s  of 
the  violent  dyspnea  that  usually  precedent  asphyxia  caused  by  lack  of  oxygen. 
It  is  noteworthy,  however,  tliat  the  heart  beat*  were  very  rapid,  and  that  they 
ex^>erienee«l  at  first  great  depres-sion  of  muscular  htrengtli  without  loss  of 
consciouaner*.  The  onset  of  eomiilete  uucoiisciousuesb  wat*  t-uddeii,  but  wa-* 
preceded  by  feelingi«  of  !^leep>ine.ss«,  which,  however,  were  not  awsotiateti 
with  any  tllstress.  These  latter  (acts  recall  the  condition.s  of  "shock,"  and 
^^ Would  suggest  that  probably  the  rapid  heart  ixat  waa  an  indication  of  a  great 
^YaU  in  blo<Kl-pre*Mure,  whica  nmy  Imve  been  directly  responsible  for  the  mav- 
eulax  weakue^  and  final  uucon8ciou^alei)s  and  death. 

The  Respiratory  Quotient  and  its  Variations. — In  studying 
the  gaseous  exchanges  of  rcspinition  one  may  determine  the  varia- 
tions in  the  oxygen  absorbed  umler  different  contlitions  or  In  the 
carbon  dioxid  eliminated^  or  finally  in  the  ratio  of  one  tn  the  other. 
^^,  which  is  known  as  the  respinitorv  quotient.  In  short-lasting 
experiments  the  respiratory  quotient  is  not  a  very  reliable  indicator 
of  the  extent  or  clianif  ter  of  the  physiological  oxidations  ui  the  body, 
since  any  alteration  in  the  ikqdh  or  rajnclity  of  the  re.spirat/«ir>' 
movements  may,  by  changing  the  ventilation  of  the  alveoli,  make 
a  difference  in  the  output  of  CO,, — a  diffei'ence,  however,  which 
would  have  no  significance  in  regard  to  the  nutritive  clianges  of  the 
body.  In  longer  exi>erinients  and  in  those  during  which  the  respira- 
tory movements  are  not  altered  the  determination  of  this  ratio 
throws  light  ujMm  the  chameter  of  the  oxidations  that  are  taking 
^Bplace,  as  will  be  apparent  from  tlie  following  considerations;  Under 
HEnrdinary  conditions  of  rest  and  upon  a  mixed  diet  the  R.  Q.  varies 
between  0.65  and 0.95  (Loew})  or  between  0.75  and  0,89 (Magnus 
Levy).  If,  however,  the  material  oxidized  in  the  body  is  entirely 
carbohydrate  the  R.  (J.  should  l)e  equal  to  unity :  -^^'  =  1  •    All  the 

» oxygen  use^l  in  the  combustion  might  be  considere*.!  as  uniting  with 
the  C  to  form  CHJ^.  .since  enough  (J  is  j)rescnt  in  the  sugar  to  account 


for  that  used  in  oxidizmg  the  H  to  FI^O. 
reaction, 


Or,  as  expressed  in  a 


C,H„0,  +  60,  =  6C0,  +  6H,0. 


R.  Q.  =  J  =  L 
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The  number  of  molecules  of  CO,  formed  in  the  oxidation  is  equal 
to  the  mmiber  of  molecules  of  O,  used.  If  fats  alone  are  oxidized 
in  the  body  the  R.  Q.  should  be  low  (0.7),  since  these  substances 
are  poor  in  oxygen  compared  with  the  amoimt  of  C  and  H  present 
in  the  molecule.  The  combustion  of  palmitin  may  be  represented 
as  follows: 

Palmitin,  C,H,(C,-H„0,),  =  Cg,H-,0- 
2(C„H»0.)  +  1460,  =  lofcO,  +  98Hip. 
R-  Q-  =  iff  =  0.703. 

In  estimating  the  respiratory  quotient  for  proteins  one  must 
bear  in  mind  the  fact  that  these  substances  vary  somewhat  in 
composition  and,  moreover,  that  they  are  not  completely 
oxidized  in  the  body.  Calculations  based  upon  the  amount  of 
unoxidized  carbon  and  hydrogen  escaping  in  the  urine  and 
feces  give  the  average  figure  of  0.801  for  the  R.  Q.  of  proteins. 
It  is  evident  from  these  statements  that  an  increase  in  the 
])roportion  of  carbohydrate  food  will  cause  the  R.  Q.  to  approach 
unity,  while  an  increase  in  protein  and  especially  in  fat  will 
lower  its  value.  In  this  way  wc  can  understand  the  actual 
variation  observed  in  the  average  respiratory  quotient  of  different 
clas.scs  of  animals,  as  shown  in  the  following  brief  table  (Loewy): 

Horse,  herbivorous— R.Q.- 0.960 
Sheep,  "  "    =0.900 

Mun,    omnivorouR        "    =0.800 
Dog,    carnivorous        "    —0.750. 

In  starvation,  when  the  body  is  living  only  on  its  own  protein 
and  fat,  the  R.  Q.  is  much  lower  than  under  a  normal  diet  with 
its  large  proportion  of  carbohydrate.  By  a  determination  of 
the  respiratory  quotient  before  and  after  varying  certain  con- 
<litions  one  may  ascertain  whether  the  given  condition  cau.'f* 
a  olijiuge  in  the  character  of  the  body  metabolism.  For  example, 
this  method  has  been  used  to  liscertain  whether  muscular  wtirk 
oflfects  any  change  in  the  nature  of  the  material  consumed  in 
the  body.  Kxperinicnts  made  upon  this  point  indicate  that 
the  K.  Q.  is  not  changed  by  mu.scular  work  when  it  is  not 
excessive  or  prolonged.  Consequently  we  may  infer  that  the 
same  kind  of  material,  .sugar,  for  example,  is  oxidized  by  the 
c<mtra('ting  muscle  as  l)y  the  muscle  at  rest.  In  prolongr<l 
or  fatiguing  muscular  work  the  H.  Q.  may  be  lowered,  due 
probably  to  tlie  body  using  more  of  its  fat ;  or  in  some  conditions 
it  may  i)e  raised,  owing  to  some  insufficiency  in  the  respiratory 
and  circulatory  ai)i»aratus  in  furnishing  an  ade<|uate  ^supply  <'i 
«tx\gen.  Under  certain  special  conditions  the  respiratory 
qvjiitient  may  excet^d  unity  or  fall  distinctly  below  0.7.     A  rise 
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a  value  over  unit\'  may  occur  temporarily  because  of  increased 
mtilatioii  of  the  alveMti.     Deeper  and  more  rapid  breathing 
rill  drive  out  some  uf  the  GO3  in  the  air  of  the  lungs  and  thus 
Increase  greatly  the  R.  Q.     As  previously  stated,  this  increase 
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Record  showinic  typical  Cbeyne-Stokes  rNpiratioD  (trom  a  ease  of  Biirtjd  And 
■      "  The    ■ 


mitnU  iiuufficioney  with  vteriusclerosis). 
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^Bas  in  itself  no  nutritional  significance,  but  it  is  a  factor  that 

^Bnust  be  allowed  for  in  such  experiments.     A  more  suggestive 

Hncrease  of  the  R,  Q.  is  observed  during  convalescence.     In  this 

period,  as  is  well  known,  an  individual  may  increase  in  weight 

^rapidly,  chiefly  from  the  laying  on  of  fat.     This  fat  is  made  in 

^■arge  part  probably  from  the  carboliydrate  of  the  food.     An 

^Htxygen-rich  food,  therefore,  is  converted  to  an  oxygen-poor  one, 

^fko  that  some  of  the  oxygen  must  be  split  off  partly  as  carbon 

dioxid,  and  there  Ls  a  larger  output  of  this  substance  in  the 

expirefl  air. 

Modified  Respiratory  Movements. — Laughing,  coughing,  yawn- 
ing, sneezing,  sobbing,  an<l  even  vomiting  may  be  considered 
as  modified  respiratory  movements,  since  the  same  group  of  muscles 
comes  into  play.  These  are  all  movements,  with  the  exception  of 
yawning,  which  may  be  regarded  as  reflexes  that  have  nothing  to 
do  directly  with  the  processes  of  respiration.  A  most  intei-e.sting 
variation  of  the  normal  type  of  respiration  is  known  as  the  Cheyne- 
»Siokes  respiration.  It  occurs  in  certain  pathological  conditions, 
such  as  arteriosclerosis,  uremic  states,  fatty  degeneration  of  the 
^^eart,  and  especially  under  conditions  of  !n<-rea8ed  intracranial 
^B»reasure.  It  is  characterized  by  thi*  fact  that  the  respiratory 
movements  occur  in  groups  (10  to  3tJ)  separated  by  apneic  pauses, 
which  may  last  for  a  nunilier  (.30  to  40)  of  seconds.  After  each  pause 
the  respirations  begin  with  a  small  movement,  gradually  increase 
to  a  maximum,  and  then  fall  off  gradually  to  the  point  of  complete 
oeasation  (see  Fig.  282).    Great  variations,  however,  are  shown  in 
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the  character  and  number  of  the  respirations  during  the  so-called 
(iyspneic    phase.       From    observations    made    by    means   of  the 
sphygmomanometer  Eyster  *   has   shown   that    in    this   conditioB 
there  are  also  rhythmic  waves  of  blood-pressure   (Traube-Herin^ 
waves),  and  aci-ording  to  the  relation  of  these  pressure  waves  to 
the  groups  of   respirations  the  Cheyne-Stokes  cases  fall  into  two 
groups.     In  one  group  the  dygpneic  pha.se  coincides  with  a  faV\ 
of  blood-pressure  and  a  slowing  of  the  pulae-rate.    In  the  othe'» 
group  the  reverse  relations  hold,  the  blood -pressure  and  pulse-rat'^ 
both  rising  during  the  dyspueit'  phase  and  falling  during  the  apnes^^-^^. 
This  latter  group  consists  of  cases  in  which  there  Ls  evidence  f^^^ 


^ 


inrreased    intracranial    tension.     L-nder    experimental    condition^ 

the  author  was  able  to  show  on  dogs  that  aii  artificial  increase  it:^ 

intracranial  ten.-^ion  calls  forth  Cheyne-iStokes  respiration.^,  whenever 

it  happens  that  rhythmic  changes  in  blood-pressure  are  produced  ^^^«\ 


of  .luch  a  character  that  the  blood-pressure  rises  and  falls  alternately 
above  and  l>elow  the  line  of  intracranial  pressure.  It  Ls  probable, 
therefore,  that  in  the  clinical  rsuses  associated  with  a  rise  of  intra- 
cranial pre.ssure  the  blood-pres.sure  likewise  rises  and  falls  above 
and  below  intracranial  ten.sion.  and  that  the  alternating  periods 
of  apnea  and  <ly.spnea  are  due  to  this  fact  in  this  class  of  ca^^es. 
When  the  blo(jd-|)res.surp  falls  below  intracranial  pressure  there 
i.'^  a  condition  of  deep  anemia  of  the  raetlulla  sufficient  to  suspend 
the  activity  of  the  respiratory  eent.er.  The  following  rise  of  blood- 
pre&'*ure  by  forcing  nutre  blood  through  the  medulla  calls  forth  a 
group  of  respiratory  movements. 

By  e.xamination  of  the  expired  air  Penibreyf  has  shown 
that  during  the  dyspneic  phase  the  percentage  of  CO,  in  the 
alveolar  air  is  markedly  diminished  (2  per  cent.),  and  he  believes, 
therefore,  that  the  following  ]>h{i.se  of  apnea  is  due  entirely  to 
this  washing  r>ut  of  the  COj,  that  is.  to  the  removal  of  the  normal 
stimulus  to  the  respirator;'  center.  Practically  he  finds  that 
the  apneic  phase  can  be  removed  by  the  administration  of 
either  pure  oxygen  or  carbon  dio.xid  (2.2  to  11.2  per  cent.). 
Pembrey  does  not  give  the  clinical  histories  of  his  patients,  but 
apparently  he  has  studied  cjlscs  belonging  chiefly  to  E^'ster's 
first  group.  None  of  the  suggestions  made  at  present  seem  to 
account  adequately  for  the  very  labnred  breathing  at  the  acme 
of  the  dyspneic  phase,  and  the  phenomeuun  evidently  requires 
further  experimental  study. 

More  or  less  rhythmical   variations  in  the  strength   of   the 

breathing  movements  have  been  de.scribcd  also  in  normal  sleep. 

hibernation,  chloral   narcosis?  etc,  but  nothing  so  definite  and 

characteristic  as  in  these  very  interesting  Cheyne-Stokes  case^. 

*  Eyster,  "Joxinml  of  V'.x^H'rimt'iilal  Mwiirini*,"   IJKXr. 

t  Pembrey,  *'Jovima\  oi  Va\\\Q\oRf  iwvA  V.*tWTvv>\wcj;'  Vl.'iSR,,  VJfife. 
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PHYSIOLOGY  OF  DIGESTION  AND  SECRETION. 


CHAFfER  XXXIX. 


HOVEMENTS  OF  THE  ALIMENTARY  CANAL. 

Mastication. — Mastication  is  an  entirely  voluntan'  act.  The 
articulation  of  the  mandil>les  with  the  skull  permits  a  variety  of 
movements;  the  jaw  nnay  be  raised  and  lowered,  may  he  projected 
and  retracted,  or  may  be  moved  from  side  to  side,  or  various  com- 
binations of  these  different  directions  of  movement  may  be  effected. 
The  muscles  concerned  in  these  movements  and  their  innervation 
are  described  as  follows  r  The  masseter,  temporal,  and  internal 
pter\'goids  raise  the  jaw;  these  muscles  are  innervated  through  the 
inferior  maxillary  division  of  the  trigeminal.  The  jaw  is  depressed 
mainly  by  the  action  of  the  digastric  muscle,  assisted  in  some  cases 
by  the  mylohyoid  and  the  geniohyoid.  The  two  foniier  receive 
motor  fibers  from  the  inferior  raaxillar>'  division  of  the  fifth  cranial, 
the  last  from  a  branch  of  the  hypoglos.sal.  The  lateral  mo\'ements 
of  the  jaws  are  produced  by  the  external  pterj'goids,  when  acting 
separately.  Simultaneous  contraction  of  these  muscles  on  both 
ades  causes  pnjjection  of  the  lower  jaw.  In  this  latter  case  forcible 
retraction  of  the  jaw  is  protluced  by  the  contraction  of  a  part  of  the 
temporal  muscle.  The  external  pterygoids  also  receive  their  motor 
fibers  from  the  fifth  cranial  nerve,  through  its  inferior  maxillary 
division.  The  grinding  movements  commonly  used  in  masticating 
the  food  between  the  inola.r  teeth  are  produced  by  a  combination  of 
le  action  of  the  externa!  pteryogids,  the  elevators,  and  perhaps 
le  depressfjrs.  At  the  same  time  the  movements  of  thp  tongue 
and  of  the  nuiscles  of  the  cheeks  and  Yips  serve  to  keep  the  food 
properly  piacetl  for  the  action  of  the  teeth,  and  to  gather  it  into 
px»ition  for  the  act  of  swallowing. 

Deglutition. — The  act  of  swallowing  is  a  complicated  reflex 
movement  which  may  l>e  initiated  voluntarily,  but  is,  for  the  most 
part,  completed  quite  independently  of  the  will.  The  cla.ssical 
description  of  the  act  given  by  Magendie  divides  it  into  three  stages, 
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corresponding  to  the  three  anatomical  regions — mouth,  phantu, 
and  esophagus — through  which  the  swallowed  morsel  passes  on  itg 
way  to  the  stomach.     The  first  stage  consists  in  the  passage  of  the 
bolus  of  food  through  the  isthmus  of  the  fauces, — that  is,  the 
opening  lying  between  tlie  ridges  formetl  by  the  palatoglossi  muscla, 
the  so-calletl  anterior  pillars  of  the  fauces,     This  part  of  the  act  ic 
usiialJy  ascril>ed  to  the  iiiovernents  of  the  tongue  itself.    The  twius 
of  fond  lying  upon  its  upper  surface  is  forced  backward  by  the  ele- 
vation of  the  tongue  against  the  soft  palate  from  the  tip  toward 
the  base.    Tliis  portion  of  the  movement  may  be  regarded  as  vol- 
untary, to  the  extent  at  least  of  manipulating  the  food  into  its  prope* 
position  on  the  dorsum  of  the  tongue,  although  it  is  open  to  doubt 
whether  the  entire  movement  is  usually  effected  by  a  voluntary 
act.     Under  normal  coiuUtions  the  presence  of  moist  food  upon  ttv* 
tongue  seems  essential  to  the  complete  execution  of  the  act;  and  a-*^ 
attempt  to  make  the  movement  with  very'  dr>'  material  upon  th^* 
tongue  is  either  not  successful  or  is  performed  with  difficulty.    Tb^^^ 
second  act  comprises  the  passage  of  the  bolus  from  the  isthmus  o-;' 
the  fauces  to  the  esophagus,— t  hat  is,  its  t  ransi  t  through  the  phar\Tix   "-^ 
The  phar}'nx  being  a  common  ptassage  for  the  air  and  the  food,  it  ies^ 
imjx>rtant  that  this  part  of  the  act  should  be  consiunmated  quickly—-      ' 
According  to  the  older  description,  the  motor  power  dri\ing  th 
bolus  downward  through  the  pharj'nx  is  derived  from  the  contrac- 
tion of  the  pharyngeal  muscles,  particularly  the  constrictors,  which 
contract  from  above  downward  and  drive  the  food  into  the  esopha- 
gus.    Kronecker  and  Meltzcr,*  however,  have  shown  that  the  con- 
traction of  the  mylohyoid  muscle  in  the  floor  of  the  moutb  is  the 
most  important  factor  in   this  act  of  shooting  the  footl  suddenly 
through  the  phar>-nx  into  the  esophagus.    The  contraction  of  this 
muscle  marks  the  beginning  of  the  purely  involuntan'  part  of  the 
act  of  swallowing.     The  l>olus  of  food  lies  upon  the  dorsum  of  the 
tongue  and  by  the  pressure  of  the  front  of  the  t«ngue  against  the 
hard  palate  it  is  shut  off  from  the  front  ]>art  of  the  mouth  cavity. 
When  the  mylohyoids  contract  sharply  the  bolus  is  put  under  pres- 
sure and  is  shot  into  and  through  the  pharynx.    This  eff'ect  is  aided 
by  the  contraction  of  the  hyoglossi  muscles,  which  by  mo\ing  the 
tongue  backward  and  downward  tend  to  increase  the  pressure  put 
ufjon  the  food.     Simultaneously,  a  numlier  of  other  muscles  are 
brought  intfl  action,  the  general  effect  of  which  is  to  shut  off  the 
nasal  and  larv'ngeal  ojjenings  and  thus  prevent  the   entrance   of 

*  Kronecker  and  Melt »er,  "  Archiv  f .  PliysinloRJe, "  18.^3,  suppl.  volume, 
p.  328;  also  "Jouninl  of  Exiierimental  Medicine,"  2,  453,  1897.  For  lat*r 
work,  consult  Cannon  ainl  Moser,  "American  Journal  of  Phvsiologj*, "  I, 
435,  1898;  Rclireiber,  ".Archiv  f.  exper.  Patliol.  u.  Phannakologie, "  46, 
414,  1901;  aijd  Eyknian,  "Archiv  f.  die  gesanimte  P*livsiologie, "  99,  513. 
1903. 
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food  into  the  corresponding  cavities.    The  whole  reflex  is  there- 
fore  an  e.vcellent  example  of  a  finely  co-ordinated  movement. 

The  following  events  are  described:   The  mouth  eavdty  is  shut 
off  by  the  position  of  the  tongue  against  the  palate  anct  by  the  con- 
traction of  the  muscles  of  the  anterior  pillars  of  the  fauces.    The 
opening  into  the  nasal  cavity  is  closed  by  the  elevation  of  the  soft 
palate  (action  of  the  levator  palati  and  tensor  palati  muscles)  and 
the  contraction  of  the  posterior  pillars  of  the  fauces  (palatophan'n- 
geal  muscles)  and  the  elevation  of  the  uvula  (azygos  uvulte  muscle). 
The  soft  palate,  uvula,  and  posterior  pillars  thus  form  a  sloping 
surface  shutting  off  the  na.sal  cliamljor  and  facilitating  the  passage  of 
the  food  backward  through  the  pharynx.     The  respiratory  opening 
into  the  larynx  is  closed  by  the  adduction  of  the  vocal  cords  (lateral 
crico-arytenoids  and  constrictors  of  the  glottis)  and  by  the  strong 
elevation  of  the  entire  larynx  and  a  depression  of  the  epiglottis  over 
the  larynx  (action  of  the  thyrohyoids,  digastrics,  geniohyoids,  and 
mylohyoids  and  the  muscles  in  the  aryteno-epiglottidean   folds). 
If  the  elevation  of  the  larynx  be  prevented  by  fixation  of  the  thy- 
roid the  act  of  swallowing  becomes  impossilile.     There  is  also  at 
tliis  time,  apparently  as  a  regular  j>art  of  the  swallowing  reflex, 
a  slight   inspiratory  movement  of  the  diaphragm,  the  so-called 
swallowing  respiration.     The  movements  of  the  epiglottis  ditring 
this  stage  o(  swallomng  have  been  much  discussed.     The  usual 
view  is  that  it  is  pressed  ilown  upon  the  laryngeal  orifice  like  the  lid 
of  a  box  and  thus  effectually  protects  the  respiratory  pas.sage.     It 
has  been  shown,  however,  that  removal  of  the  epiglottis  does  not 
prevent   normal  swallowing,   and   Stuart   and   McCbrmick*  have 
reportefi  the  case  of  a  man  iia  whom  part  of  the  phar>'nx  had  l>een 
permanently    removed  by   surgical   operation   and   in  whom   the 
epiglottis   could  lie  seen   during  the  act  of  swallowing.     In  this 
'^dividual,  according  to  their  observations,  the  epiglottis  was  not 
^«Med  back  tlitring  swallowing,  but  remained  erect.     Kanthack  and 
■^derson  t  state  that  in  normal  individuals  the  njovement  of  the 
epiglottis  backward  during  swallowing  may  be  felt  by  simply  passing 
'^  finger  back  into  the  pharynx  until  it  comes  into  contact  with  the 
epiglottis.     According   to    most  observers,  it   is  not  necessary  for 
tbe  protection  of  the  larj'nx  that  the  epiglottis  shall  be  actuailv- 
'olded  down  over  it  by  the  contraction  of  its  own  muscles.    The 
forcible  lifting  of  the  larynx,  together  with  the  descent  of  the  base 
of  the  tongue,  eflFects  the  same  result  by  mechanically  crowding  the 
]»rt8  together,  and  the  larynx  is  still  furtlicr  guardeil  by  the  &]>■ 
proximation  of  the  false  and  true  vocal  cords,  thus  closing  the  glottis. 
The  whole  act  is  verj'  rapid  as  well  as  complex,  so  that  not  more 

•"Journal    of   Anfttomv    aiul    Physiology,"    1892. 
t  "Journal  of  Physiology,"  14,  154,  1883. 


Digitized  by 


Google 


706  PHYBIOIXJOY  OP  DIGESTION  ANB  BBCRBTIOW. 

than  a  second  elapses  between  the  beginning  of  the  contraction  ^ 
the  mylohyoids  and  the  entrance  of  the  food  into  the  upper  end  <^ 
the  esophagus. 

The  passage  of  the  food  through  the  asophagus  diflfers  apparently 
with  its  consistency.     When  the  food  is  Ucjuid  or  very  soft  Kroneck*?/ 
and  Meltzer  have  shown  that  it  is  shot  through  the  whole  length  of 
the  esophagus  by  the  force  of  the  initial  act  of  swallo'M'ing.    It 
arrives  at  the  lower  end  of  the  esophagus  in  aijout  0.1  sec,  and  may 
pass  immediately  into  the  stomach  or  may  lie  some  moments  in  tbe 
esophagus  according  to  the  conditions  of  the  sphincter  guarding 
the  cardiac  orifice.     When,  however,  the  food  is  solid  or  semi- 
solid, as  was  shown  by  Cannon  and  Moser,  it  is  forced  down  tb»« 
esophagus  by  a  peristaltic   movement  of  the  muscidature.    Tl»^ 
circular  muscles  are  constricted  from  aljove  downward  by  an  aA  ' 
vancLng  muscular  wave,   while   the  longitudinal  muscles  contnM?"  "* 
probably  somewhat  in  advance  of  this  wave  so  as  to  dilate  the  tub^^*^ 
and  facilitate  the  passage  of  the  bolus.     The  tipper  portion  of  th^^^, 
esophagus  contains  cross-striated  fil)ers  indicating  rapid  contraction 
the  lower  end  consists  of  plain  muscle  only,  while  the  intermediat^^^^^. 
portion  is  a  mixture  of  the  two  varieties.     Kronecker  and  Meltze  ^^ 


believe  that  each  of  these  segments  contracts  as  a  whole  and  in 
orderly  succession,  but  other  observers,  on  the  evidence  furnished 
by  Roentgen-ray  photographs,  agree  that  there  is  no  perceptible 
pause  in  the  downward  movement  of  the  wave  of  contraction.  These 
same  movements  occur  in  the  sM'allowing  of  liquid  or  soft  food,  but 
in  such  cases  the  peristaltic  wa%e  follows  the  actual  descent  of  thv 
food.  According  to  the  observation  of  Kronecker  and  Meltzer,  it 
takes  aljout  6  sec.  for  the  peristaltic  wave  to  reach  the  stomach, 
and  the  passage  of  the  food  through  the  eardia  takes  place  with 
sufficient  energj^  to  give  rise  to  a  murmur  that  may  be  heard  by 
au.scidtating  over  this  region.  In  the  case  of  the  more  liquid  food 
that  is  shot  at  once  to  the  lower  end  of  the  stomach  within  0.1  sec., 
it  may  apparently  pass  at  once  into  the  stomach  or  it  may  lie  in  the 
lower  end  of  the  esophagus  imtil  the  wave  of  contraction  reaches 
it  (6  sec.)  and  forces  it  through  the  opening.  Afconling  to  the 
observations  made  by  Hertz,*  li<[uids  or  liquid  footl  are  held 
up  at  the  end  of  the  esophagus  and  pass  slowly  into  the  stomach 
through  the  sphincter.  He  estiniates  that  an  interval  of  from 
4.6  to  8.6  sec.  elapses  before  the  swallowed  bolus  disappears 
into  the  stomach,  about  <ine-half  nf  this  time  being  occupied 
by  the  passage  to  the  bottom  of  the  esophagus  and  one-half  in 
the  transit  through  the  cardiac  orifice  of  the  stomach.  Ai  the 
canlia  or  cardiac  orifice  the  circular  layer  of  muscles  acts  a.«  a 
sphincter  which  is  nornmliy  in  a  condition  of  tone,  particularly 
*  HerU,  "Guy'a  Hospital  ReportB,"  61,  389,  1907. 
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when  the  stotiinrh  eontains  foixl.     The  advaneinp  wave  of  con- 

Iraclion  in  the  eMuphafi;us  eitiier   fnrres  the  foixJ  through  the 

resistance  offere<l  hy  this  sphincter,  c»r  [jrtihably  the  sphincter 

8  an  inhibition  at  this  moment  as  a  part  of  the  general 

artion.     Indeed,  experiments  have  shown  (von  Mikulicz) 

that  the  tonus  of  the  rardiae   sphint'ter   is   IjirjSiely   controlled 

through  the  extrinsic,  nerves.    Small  pressures  in  the  bottom  of 

the  esophagus  cause  a  dilatation  of  the  cardia  by  inhibition. 

Anatomically   the    cardiac    sphincter  receives-nerve  fibers    not 

"'Jv  from  the  vagus  but  also  from  the  sympathetic,  by  way  of 

^  cdiac  ganglion.     The  precise  control  exerted  through  these 

nores  has  not  yet  been  worked  out.     Kronecker  and  Meltzer 

nave  noted  the  interesting  fact  that  if  a  second  swallow  is  made 

*Uhia  an  interval  of  six  seconds  after  the  first,  the  peristaltic 

•■*Ve  occasioned  by  the  latter  is  inhibited  at  whatever  portion 

'*^  its  path  it  may  have  reachetl.     The  footl  carried  down  by  the 

*^  swallow^  waits  in  this  case  for  the  arrival  of  the  succeeding 

^^ve  before  entering  the  stomach. 

Ker70us  Control  of  Deglutition.— The  entire  act  of  swatlowiug, 

*|^  has  been  said,  is  essentially  a  reflex  act.     Even  the  comparatively 

**inple  wave  of  contraction  that  sweeps  over  the  esophagus  is  due 

^  a  reflex  nervous  stimulation,  and  is  not  a  simple  conduction  of 

Contraction  from  one  j)ortion  of  the  tube  to  another.    This  fact  was 

^demonstrated  by  the  experiments  of  Mosso,*  who  found  that  after 

^'^moval  of  an  entire  segment  from  the  esophag^ls  the  perisUiItic 

^ave  passed  in  due  time  to  the  pfjrtion  of  the  esophagus  left  on  the 

Stomach  side,  in  spite  of  the  anatomical  break.    The  same  experi- 

^nent  was  performe<l  successfully  on  rabbits  by  Kronecker  and 

Aleltzer.    OlMervation  of  the  stomach  end  of  the  esophagus  in  this 

•animal  showed  that  it  went  intx>  contraction  two  seconds  after  the 

lieginning  of  a  swallowing  act  whether  the  esophjigus  was  intact  or 

ligated  or  completely  divided  by  a  transverse  incision.     A  still 

more  .striking  pnnif  nf  the  same  fact  is  the  interesting  case  cited 

»\>y  V.  Mikulicz  of  a  man  in  whom  a  portion  of  the  esophagus 
had  been  resected  on  account  of  a  carcinoma.  The  lower  end 
iii  the  esojjhagus  wa-s  given  a  fistulous  opening  in  the  neck  and 
and  it  was  found  that  food  intr<)duce<l  into  this  opening  was 
not  moved  toward  the  stomach  until  the  patient  ma<lc  a  swallow- 
ing movement. t  The  afferent  nerves  concerned  in  this  reflex 
are  the  sen-sory  fibers  to  the  mucous  membrane  of  the  pharynx 
and  esophagus,  including  branches  uf  the  glu.ssopharyngeal, 
trigeminal,  vagus,  and  superior  laryngeal  division  of  the  vagus. 
Artificial  stimulation  of  this  last   nerve  in  the  lower  animals 

•  Moleschott's  "  UntorMuclurnpi'n, "  1870,  volume  xi. 

t  Quot«d  from  ColinKcim  in  Nagel's  "  Handbuch  d.  PliyHiologie. " 
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is  known  t<>  j>nuiu('e  swallowing  m<»venient 
have  attenij)t€<l  tr>  det ermine  the  precise 
pharyngeal   membrane   from    which  the   sensory   impulses  lib- 
erating the  reflex  normally  start.     Ai-rortling  to   Kahn.*   the 
most  effective  areas  from  whose  stijuulation  the  reflex  may  be 
pro<luced  var>'  in  location  in  riifferent  animals.     In  the  rabbit  the 
reflex  is  originated  niost  easily  by  stimulation  at  the  entrance  to 
the  pharynx — the  soft  palate — along  the  line  extending  from  the 
posterior  etlge  of  the  hard  palate  to  the  tonsils  (superior 
lary  branch  of  trigeminal);  in  the  dog  irritation  of  the 
pharyngeal   wall  is  most  effective  (glossophar>-ngeal  nerve);    ia 
monkeys  the  area  is  approximately  as  in  rabbits, — that  is,  in  the 
region  of  the  tonsils.    The  motor  fibers  concerned  in  the  reflex; 
comprise  the  hypoglossal,   the  trigeminal,  the  glossopharyngeal, 
the  vagus,  and  the  spinal  accessory.    For  an  act  of  such  complexity 
and  such  perfect  co-ordination  it  has  been  assumed  that  there  is  a 
special  ner\'e  center,  the  swallowing  or  deglutition  center,  which  Im0 
l)een  located  in  the  medulla  at  the  level  of  the  origin  of  the  vagL 
There  is  little  jxjsitive  knowlmlge,  however,  concerning  the  existence 
of  this  center  as  a  ilefinite  group  of  intermediary  nerve  cells,  after 
the  tyije  of  the  vasoconstrictor  or  respiratory  center,  which  send 
their  axons  to  the  motor  nuclei  of  the  several  efferent  ner\'es  con- 
cerned.   As  in  the  case  of  other  complicated  reflex  acts,  we  can  onl)' 
pay  that  the  deglutition  reflex  is  controlled  by  a  deflnite  nervoia 
mechanism  the  final  motor  cells  of  which  are  scattered  in  the  several 
motor  nuclei  of  the  efferent  nerves  ntentioned  above. 

The  Anatomy  of  the  Stomach. — The  stomach  is  man  l^eloQp 
to  till'  simple'  ty|»e  as  distinguished  from  the  compound  stomal 
of  some  of  the  other  man\maha, — the  nurdnating  anifwifhi^  for 
example.    Physiological  and  histological  investigations  have  sbowOr 
however,  that  the  so-called  simple  stomachs  are  divided  into  putt 
tliflt  have  different  proi^erties  and  fimctions.  The  ruimes  and  bowK^- 
aries  of  these  {Mirt*  can  not  be  stated  precisely,  since  they  v«r>'  in 
different  animals,  and,  more^jver,  there  is  some  want  of  a^?r«^ 
ment  among  different  authors  regarding  the  nomenrUturf  "f 
the  parts  of  the  stomach. t     Fur  the  purposes  of  a  ph>Tsiolojrii*»' 
description  we  may  u.se  the  names  indic.'ited  in  the  u 
ing  schematic  figure.    Ti»e  main  interest  lies  in  the  s<  i 

Ihe  pyloric  part  of  the  stomach  or  antrum  pylori  from  the  mi* 
cavity  of  the  stomach.  The  line  of  separation  is  tiiarked  by  * 
(Wsure  on  the  small  curvature,  incisura  angularis  (/.  .4.),  and  on  it* 
large  curvature  by  an  abrupt  change  of  direction.    The  pyloric  [lat^ 

*  Kalktt.  "Arrtiiv  f.  PhyBiolnffir,"  1903,  suppL  Tulume^  3BI1. 
t  Siv  His.  •  Archiv  f.  Aiiatomi.-,"  1903.  p.  346;  aim  CuaoingkaBi,  "Tnm- 
■rtionx  of  thr  KoyiU  Society  o(  Kdinburuh,*  45,  9,  1906-06. 
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iDAkes  &n  angle,  thereforo,  with  the  IxMly  of  the  stomach,  and  differs 
from  the  latter  in  it»niust!uta(ure,  the  macroscopical  and  niicroscop- 
iol  characteristics  of  its  mucous  membrane,  and  in  its  functional 
importance.     Some   writers   divitle    the   antrum   further   into   a 
pyloric  vestibule,  forming  the  larger  part  of  the  antrum,  and  a 
pyloric  canal,  consisting  of  the  narrower  tube-like  portion  which 
cr>nnpcts  with  the  duodenum.     The  pylorie  canal  is  short,  about 
3  cm.,  and  is  more  marked  as  a  separate  .structure  in  the  stomach 
of  young  children.     The  rest  of  the  stomach  falls  into  two  sub- 
divisions, the  fundu.*^  and  the  etirpus  or  body.     The  fundus  is  the 
blind,  rounded  end  of  the  stomach  to  the  left  of  the  cardia,  or,  in 
*  vertical  position  of  the  stomach,  the  portion  that  lies  above  a 
horijontal  plane  pa>vsiiiK  throuij;h  the  cardia;  the  ixjrtion  betwet>n 
I       the  fundus  ami  the  pylorus  is  the  body  of  the  stomach  or   the 

prrfi^lorie  rejian 
wm.  28a  — SehemBiic  fifux*  to  »how  the  different  part«  ci(  the  •tomBch.— (Afler  Batfita.) 


Duodti 


CarJu 


P/lo> 


cfuM^M 


fyonc/Mtrttfs/cmm 
^  antrum  bjlvl  i 


fosr/iva  of  ' 
trtuiavfrif  iat^ 


intermediate  or  prepyloric  region.  This  latter  region  shows  in 
many  animah*  a  characteristic  structure  in  its  secreting  glands, 
and  it  is  in  this  pt:trtion  that  the  hydrochloric  acid  of  the  gastric 
juice  is  mainly  secreted. 

The  Mu9c\dniuTe  oj  the  Stomach. — ^'I'he  musculature  of  the 
stomach  is  usually  divided  into  tliree  layers, — a  longitudinal,  an 
oblique,  and  a  circular  coat.  The  longitudinal  coat  is  continuous 
at  the  cardia  with  the  longitudinal  fibers  of  the  esophagus;  it  sprea^ls 
out  from  this  point  along  the  length  of  the  stomach,  fonning  a  layer 
of  varying  thickness;  along  the  curvatures  the  layer  is  stronger 
than  on  the  front  and  posterior  surfaces,  while  at  the  pyloric  end  it 
increases  considerably  in  tliickness,  and  passes  over  the  pylorus  to 
be  continuetl  directly  into  the  longitudinal  coat  of  the  duodenum. 
Tbe  layer  of  oblique  fibere  is  quite  incomplete;  it  seems  to  l>e 
continuous  with  the  circular  fibers  of  the  esophagus,  and  spreads 
out  from  the  cardia  for  a  certain  distance  over  the  front  and  posterior 
surfaces  of  the  fundus  of  the  stomach,  but  toward  the  jvyloric  end 
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disappears,  seeming  to  pass  into  the  circular  fibers.  The  circuhr 
coat,  which  is  placed  between  the  two  preceding  layers,  is  the  thick- 
est and  most  important  part  of  the  musculature  of  the  stomach. 
At  the  fundus  the  circular  bands  are  thin  and  somewhat  loosely 
placed,  but  toward  the  pyloric  end  they  increase  much  in  thickness, 
forming  a  strong,  muscular  mass,  which,  as  we  shall  see,  {days  the 
most  important  part  in  the  movements  of  the  stomach.  At  the 
pylorus  itself  a  special  development  of  this  layer  functions  as  a 
sphincter  pylori,  which  with  the  aid  of  a  circular  fold  of  the  mucoui 
membrane  makes  it  possible  to  shut  ofiF  the  duodenum  comi^etdj 
from  the  cavity  of  the  stomach.  The  line  of  separation  between 
the  antrum  pylori  and  the  body  of  the  stomach  is  made  by  a 
special  thickening  of  the  circuhu:  fibers  which  forms  a  stnicUin 
known  as  the  "transverse  band"  by  the  older  writers,*  and  dB> 
scribed  more  recently f  as  the  "sphincter  antri  pyloric!."  Under 
certain  conditions,  such  as  vomiting,  stimulation  of  the  vagus, 
etc.,  this  sphincter  may  be  contracted  with  such  force  as  to  sep- 
arate the  antrum  entirely  from  the  fundic  end  of  the  stomach. 

The  Movements  of  the  Stomach. — The  solid  food  roiuuns  in 
the  stomach  for  several  hours,  and  during  this  time  the  musculature 
contracts  in  such  a  way  that  the  thinner  portions  as  tiiev  are  fonned 
by  digestion  are  ejected  from  time  to  time  through  the  pylorus  into 
the  intestine.    Except  at  the  definite  intervals  when  the  pykxie 
sphincter  relaxes  the  food  is  entirely  shut  off  from  the  rest  of  the 
aJimcntar>'  canal  by  the  tonic  closure  of  the  sphincters  at  the  cardia 
and  the  pylonis.    There  is  a  certain  orderliness  in  the  movementa 
of  the  stomach,  and  especially  in  the  separation  and  ejection  of  the 
more  liquid  from  the  solid  parts,  wliich  shows  the  existence  <rfa 
specially  adaptoil  mechanism.  These  movements  have  be«i  studied 
by  many  investigators,  making  use  of  various  experimental  mcth- 
(hIs.     The  first  noteworthy  contributions  to  this  subject  were 
those  nisule  in  tliiscountn-  by  lieaumont  in  his  famous  observations 
upon  Alexis  St.  Martin,  the  Canadian  voyageur,  who  had  a  per- 
manent fistulous  i>i>eniiig  in  his  stomach  as  the  result  of  a  gunshot 
wound. t     In  rtH'ont  years  the  subject  has  been  studied  with  great 
success  i>y  means  of  the  x-rays,  S  on  the  excisetl  stomach,  ||  and  by 
means  oi  tambours  or  sounds  intmduced  into  the  stomach  to  meas- 
im'  the  prt^ssure  changes.'     These  researches  all  unite  in  em- 

♦  S>«»  lUviumont,  ••  PhysioloBy  of  Dipostion,"  necond  oilition.  1S47,  p.  jW 

t  Uofinois»«T  und  Sch'iiti,  ".Xrcliiv  f.  exiior.  Patholope  und  Phannakol- 
opk\"  !*»>>»>.  vol.  \\. 

J  Sv  t>>lor.  •Journal  of  tho  .Vnirrioan  Meiliral  .\8M>cuition, "  Nov.  1* 
\W2.  for  lift-  of  IWauinont  and  account  of  his  work. 

f  S-*-  Cannon.  ••.Vnu'rii'un  Journal  of  I'hysiolojjy. "  1.  359,  1998;  tad 
lv"i\  and  Halthaianl.  ■•.Vrvliivrti  de  I'hysiokHtK'. "  10,  S5.  1898. 

il  H«»fn\ci!>t««r  and  Schuti.  loc.  eii. 

^  Moriti,   -Z<'iu<ctinft  f.  Bk>lopr."  .12,  359,  1895. 
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P^^airing  one  fundamental  point — namely,  that  the  fundic  end 
"'    the  stomach  is  not  actively'  concerned  in  these  movements,  but 
*rves  rather  as  a  reservoir  for  retaining  the  bulk  of  the  foodj  while 
•**©  muscular  pyloric  region  is  the  ap])ariitus  which  trituraU-s  and 
"^Ucerates  the  food  and  forces  it  out  from  time  to  time  into  the 
j<*U<ideiiura.     According  to  the  observations  made  with  the  x-ray 
*PparatU8,  niovementB  begin  a  few  minutes  after  the  entrance  of 
'^H>d  into  the  Btomach.    Small  contractions  start  in  the  middle 
'^g;ion  of  the  stomach  and  nm  toward  the  pylorus.    These  moving 
^aves  of  contraction  appear  at  regular  intervals.    The  pyloric 
Portion  becomes  lengthened  and  it  may  lie  noticed  that  in  this 
*"Bgion  the  peristaltic  waves  become  more  and  more  forcible  as 
digestion  progresses.    These  running  waves  or  rings  of  contraction 
irve  to  pi-ess  the  stomach  contents  against  the  pylorus.     According 
I  Cannon,  they  occur  in  the  eat  at  intervals  of  10  seconds  and  each 
Mrave  requires  about  20  seconds  to  reach  the  pyloiiis.     While  in 
Hunuui  beings,  to  judge  from  the  sounds  which  may  be  heard  upon 
musculation  when  food  mixed  with  air  is  given,  they  occur  at  intervals 
of  about  20  seconds.     Tlie  ol>vious  result  of  these  movements  is  to 
,inix  the  food  thoroughly,  in  the  interme<liate  and  pyloric  portions 
the  stomach,  with  the  acitl  gastric  juice  and  to  reduce  it  to  a  thin, 
^liquid  mass. — the  chyme.     At  certam  intervals  the  pyloric  sphincter 
relaxes  and  the  contraction  wave  .^squeezes  some  of  the  fluid  con- 

I "tents  into  the  duodenum  with  considerable  force.  The  mechanism 
controlling  the  rela.xation  of  this  sphincter  is  obscure.  It  does  not 
occur  with  the  approach  of  each  contraction  wave,  but  at  irregular 
intervals.  Cannon  connects  it  in  part  with  the  consistency  of  the 
food,  but  mainly  with  the  effect  of  the  hydrochloric  acid  in  the 
gastric  se<rretion.  Solid  objects  forced  against  the  pylorus  prevent 
relaxation  and  retard  the  passage  of  the  chyme  into  the  intestine. 
When  liquifl  food  alone  is  taken  into  the  stomach  numerous  ol)- 
aervations,  made  by  means  of  intestinal  fistulas,  prove  that  the 
material  may  l«  forceil  inUi  the  tkiodenutn  within  a  few  minutes. 
Hydrochloric  acid  in  the  .■stomach   seems  to  favor  or  produce  a 

■  relaxation  of  the  pyloric  sphiivcter,  while  in  the  duodenum,  on  the 
contrar>',  it  cau-ses  a  contraction  of  the  sphincter.  In  this  way  it 
may  be  imagincfl  that  after  each  eje<'tion  of  acid  chyme  the  sphinc- 
ter is  kept  closed  until  the  acid  material  in  the  duodeimm  is  neutral- 
ized, and  so,  automatically,  a  mechani.'im  is  provided  by  means  of 
which  the  duodenum  is  c:harged  at  intervals  and  at  such  times  as  it 
is  prepared  to  receive  and  neutralize  a  new  quantity  of  the  ch>Tne. 
According  to  tliis  d<?scription,  the  portion  of  the  kmti  toward  the 
pyloric  end  of  the  stomach  is  the  first  to  be  thoroughly  mi.ved  with 
the  gastric  juice,  and  to  be  broken  down  partly  by  digestion  and 
partly  by  the  mechanical  action  of  the  contractions.     This  portion, 
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Kijt.  ;J84. — Section  of  froxen 
BtomBCD  of  rat  ilurinit  difoxti'in  to 
show  the  eimtification  of  food  Kivea 
»t  differeot  tioiea—lOrmtner.)  The 
food  WBa  BJven  in  three  portions  and 
colored  dinerendv:  firat,  block;  aec- 
ond,  white  ^itidicnled  bv  vertictJ 
inarkinK):  third,  re<t  (iii<licatc>i  hy 
Iraiisveme     mnrkine). 


I 


as  it  is  liquefied,  is  expelled,  and  its"place  is  taken  by  new  roiterial 
forced  forward  from  the  fuiidic  t^nd.  It  would  seem  that  this  latter 
portion  of  the  stomach  is  in  a  contlition  of  tone,  an<i  the  pressure 
thus  put  u|X)n  the  contents  is  sufficient  to  force  them  slowly  toward 
the  pyloric  end  as  this  becomes  emptied.  The  older  view  was  that 
the  contents  of  the  stomach  are  kept  in  a  general  rotar>'  movenient 
so  as  to  become  more  or  les,s  uniformly  mixed;  but  Cannon's  obser- 
vations, and  also  those  of  GrutKner,*  indicate  that  the  matirial  at 
the  funilic  end  may  remain  undisturbed  for  a  long  time  and  thus 
esca|>o  mixture  with  the  acid  {j;astric  juice,  so  far  at  least  a«  thft 

int^'rior  of  the  mass  is  conwmd. 
This  fact  is  of  importance  ia  con- 
nection with  the  salivary'  digpslion 
(if    the  starchy  foods.     Obviously, 
>;iiivary  diKcstion  may  procofd  for 
a  time  in  the  fondle  end  without 
l»ctng  affected  by  the  acid  of  the 
stomach.     Cirutzner  fed  rats  wtb 
food  of  different  colors  and  found 
that  the   successive  portions  wen' 
arranged    in    definite    strata.    Tbfl 
food   first   taken   lay   next  to  tk 
walls   of   the   stomach,   while  the 
succectfing  portions  were  arranfj«l 
regularly  in  the  interior  in  a  con- 
centric   fashion,    as   shown   in  th? 
figure.     Such  an  arrangement  of  the  food  is  more  reatlily  understood 
when  one  recalls  that  the  stomach  has  never  any  empty  space 
within;  its  cavity  ia  only  as  large  as  its  contents,  so  that  tbe 
first  portion  of  food  eaten  entirely  fills  it  and  successive  po*"" 
tions  find  the  wall   layer  occupied   and  are  therefore  receiv^ 
into  the  interior.     The  ingestion  of  much  liquid  must  interf^**; 
somewhat  with  this  stratification.     Cannon f  has  reported  sot*** 
interesting   experimenta    ujMtn    the    relative    duration    of   gast*^ 
digestion  for  carbohydrates,  proteins,  and  fats  when  fed  sejmrat^^ 
and  combined.     The  foods  were  mixed  with  subnitrate  of  bism** 
and  their  po.sition  in  the  stomach  and  passage  into  the  intcs 
were  watched  by  means  of  the  Roentgen  rays.     It  was  found  t 
carlxihydrate  footl  begins  to  pass  out  from  the  .'^tomach  5MX)n  nf 
ingestion,  and  ixxjuires  only  about  one-half  as  much  time  as  the  f> 
teins  for  complete   gastric   digestion.     Fate   remain   long  in 
stomach  when  taken  alone,  and  when  combined  with  the  oD 

•  Grutrner,  "Arcliiv  f.  dip  Resammtc  Phy-sicilogic,"  106,  -HW,  1905. 

t  Cannon,    "  .^mericun   Journul   of   Physiology,      12,  387,  1»04.     Ft»i 
general  review  of  Cannon's  work,  see  "American  Journal  of  the  Med-** 
Sciences,"  April,  1906. 
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markwlly  tietay  tlieir  exit  through  the  pylorus.     This 
distinct  difference  in  the  main  foodstuffs  can  hardly  be  rcferreti  to 
hnere  mechanical  consist-ency,  since  the  fats  are  liquefied  by  the 
^cat  of  the  body.     Cannon  has  sho'rni  that  this  regulation  is  not 
effectefl  through  t  he  agency  of  the  extriiisii;  nerves.    After  section  of 
lAhe  splanchnics  and  vagi  the  difference  in  time  between  the  ejection 
■  of  carlxihydrate  and  protein  material  still  exists,  so  that  the  con- 
trol in  this  matter  must  Ije  exerted  througli  some  local  mechanism 
in  the  stomach  itself.     If.  in  a  given  diet,  the  carbohydrate  is  fed 
before  the  protein,  the  former,  having  the  position  of  advantage 
toward  the  pyloric  end,  will  Ije  ejerted  promptly  into  the  intestine, 
while  the  protein  is  retained  for  gastrii-  digestion.    If  the  orcier  is 
reversetl  and  the  protein  is  fed  first,  the  passage  of  the  carbo!iydrat€ 
out  of  the  stomach  will  be  retarded.     Thi.s  author  has  also  reporte<l 
numerous  interesting  experiment.s,  of  me<lic!il  and  surgical  interest, 
which  indicate  that  the  motor  activity  of  both  stomach  and  intea- 

» tines  may  be  greatly  depressed    by  certain    condition?,  especially 
by  mechanical  handling  or  by  conditions  of  general  asthenia. 

Regarding  the  general  mechuni-sm  of  the  stomach,  it  may  be 
pointed  out  that  it  forms  an  ntlmirably  aihifited  apparatus  for 
receiving  at  once,  or  within  a  short  period,  a  large  amount  of  food 
which  it  reduces  to  a  lirjuid  or  semiliquid  coniiition,  partly  by 
digestion,  partly  mechanically,  ami  that  it  charges  the  intestine 
■At  int«!rvals  with  small  amrnuits  of  this  chyme  in  such  a  condition 
■as  to  admit  of  rapid  digestion.  It  seems  obvious  that  without  the 
stomach  our  mode  of  eating  would  have  to  be  changed,  as  it  would 
not  be  possible  to  load  the  intestine  rapidly  with  a  large  supply  of 
food  such  as  is  consumed  at  an  ordinary  meal. 

The  Relation  of  the  Nerves  to  the  Movements  of  the 
Stomach. — The  stomach  receives  nerve  fibers  from  two  sources, — • 
the  vagi  and  the  splanchnics. — but  its  orderly  movements  are  merely 
Jgulated  through  these  extrinsic  fibers:  it  is  essentially  an  auto- 
latic  organ.  Thus,  it  has  been  shown  that  the  excisetl  stomach 
[ofmeister  and  SchutK).  when  kept  warm,  continues  to  execute 
liar  movements  which,  if  not  identical  with  those  observed  under 
normal  conditions,  have  at  least  an  orderly  sequence.  So  also  it 
would  appear  from  the  results  of  several  observei-s  *  that  gastric 
digestion  may  proceed  normally  both  as  regards  secretion  and 
movements  after  section  of  the  extrinsic  nerves.  We  may  regard 
the  stomach,  considered  as  a  motor  mechanism,  as  an  automatic 
organ  like  the  heart.  Its  stimuli  to  movement  arise  within  itself, 
but  these  movements  are  regtilated  by  the  action  of  the  extrinsic 
,.nerve  fibers  so  as  to  adapt  them  to  varj-ing  contlitions.     Whether 

•See  Heidenliain  in    Ht'rmann's  ••Hamlbtrch  tier  Phvwologie,"  vol.  v.; 
Also  Cannon,  "American  Journal  of  Physiolojty,  '  1906. 
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the  automaticity  is  a  property  of  the  plain  muscle  tissue  itself,  (k 
depends  upon  the  rich  supply  of  intrinsic  nerve  ganglia  (plf-xuatscfcf 
Meissuer  and  Auerbacb),  is  a  question  that  cannot  be  answer&cj 
definitely  at  present.     The  extrinsic  nerves  not  only  supply  ttj© 
stomach  with  efferent  fibers,  motor  and  secretory,  but  also  carry 
afferent  fibers  from  the  stomach  to  the  central  nervous  system. 
Regariling  the  pui-ely  efTeient  action  of  the  extrinsic  nerves,  tbe 
results  of  numerous  experiments  seem  to  show  quite  conclusively 
that  in  peneral  the  fil>ers  received  along  the  vagus  path  are  motor, 
artificial  stimulation  of  them  causing  more  or  less  well-marked  con- 
tractions of  part  or  all  of  the  musculature  of  the  stomach.    It  has 
been  shown  that  the  sphincter  pylori  as  well  as  the  rest,  of  the  muscu- 
lature is  supplied  by  motor  fillers  from  these  nerves.    The  fiher"^ 
coming  through  the  splanchnics.  on  the  contrary,  are  mainly  inhit^^ 
itory.     When  stimulated  they  cause  a  dilatation  o(  the  contracte^-^ 
stomach  ami  a  relaxation  of  the  sphincter  pylori.    Some  obser\'er^^^ 
have  reported  experiments  which  seem  to  show  that  this  anatoraica--        ,^ 
separation  of  the  motor  and  inhibitory  filjers  is  not  complete;  that^^^^'    ^ 
some  inhibitory  fibers  may  i>e  found  in  the  vagi  and  some  motor      _^a,^ 
fibers  in  the  splanchnics.    The  anatomical  courses  of  these  fibers      ,^-»* 
are  insufficiently  known,  but  there  seems  to  be  no  question  as  to  the  — ^ 

existence  of  the  two  physiological  varieties.  Through  their  activity, 
without  doubt,  the  movements  of  the  stomach  may  be  influencetl, 
favorably  or  unfavorably,  by  contlitions  directly  or  indirectly  affect- 
ing the  central  nervous  system.  Wertheimcr*  has  shown  experi- 
mentally that  stimulation  of  the  central  end  of  the  sciatic  or  the 
vagus  nerve  may  cause  reflex  inhibition  of  the  tonus  of  the  stomach, 
and  Doyonf  has  confirmed  this  result  in  cases  in  which  the  move- 
ments and  tonicity  of  the  stomach  were  first  increased  by  the  action 
of  pilocarpin  and  strychnin.  Cannon,  in  his  observations  upon  cats, 
found  that  all  movements  of  the  stomach  ceased  as  soon  as  the 
animal  showed  signs  of  anxiety,  rage,  or  distress. 

Movements  of  the  Intestines.— The  muscles  of  the  small  and 
the  lai^e  intestine  arc  arranged  in  two  layers, — an  outer  longitudinal 
and  an  inner  circular  coat, — while  between  these  coats  and  in  the 
submucous  coat  there  are  present  the  nerve-plexuses  of  Auerbach 
and  Meissner.  The  general  arrangement  of  muscles  and  nerves  is 
similar,  therefore,  to  that  prevailing  in  the  stomach,  and  in  accor- 
dance with  this  we  find  that  the  physiological  activities  exhibited 
are  of  much  the  same  character,  only,  perhaps,  not  quite  so  complex. 

Two  main  forms  of  intestinal  movement  have  l^een  distinguished, 
^the  peristaltic  and  the  pendular  or  rhythmic. 

Peristalsis. — The  peristaltic  movement  consists  in  a  constriction 


*  "Arehiv  de  phyaiologie  nonuiile  et  paihologique,"  1892,  p.  379, 
t  Ibid.,  1895,  p.  374. 
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of  the  walls  of  the  intestine,  which,  licginuing  at  a  certain  point, 
pisses dowiiward  away  from  the  stomat-h,  from  segment  to  scgnicnt, 
while  the  parts  behind  the  advanciug  zone  of  con-striction  gradually 
relix.  The  wave  of  constriction  may  be  recorded  by  the  use  of 
wiuble  apparatus.  When  thus  nscorded  it  is  found  that  the  ail- 
vancing  area  of  constrietion  is  preceded  by  an  area  of  inbil)ition 
arrekxation,so  that  the  peristaltic  movement  eoiisislsof  two  part^i, 
ibilowing  in  a  definite  sequence,  which  seem  to  combine  to  facili- 
We  the  movement  onward  of  the  intastinal  contents;  for  it  is 
obvious  that  the  wave  of  constriction  will  be  more  efifective  in 
forcing  the  contents  forward  if  just  in  front  of  it  the  intestine  is 
''elaxed  by  inhibition  of  the  totiitnty  of  the  muscular  coat  (Fig.  285). 


TSf.  2S5. — Prrulnltic  ninlraclion  of  the  aninll  Jntmtine  (iluic).  The  horisonta]  line  girM 
Vile  time  ia  aeranda.  The  curve  wiu  obtninetl  by  racurclinR  cbe  dwnicU^r  of  the  intestine  »t 
m  pvoa  point  durins  Ibe  yajaMgc  of  a  p«-Hittaltic  wrnvc^  tt  will  be  teea  that  then  Wha  firet  • 
iMlillatinn  (wave  of  inbibiliuo),  fulJo«re<l  by  a  atruoK  contracliaji.  Thn  anuUler  waves  on  tbe 
•  due  U>  (be  effect  of  tbc  n^iqjirittnr)-  RinvemeatK  un  Itie  recordiuc  mcchanimn. 


Baylias  and  StarlinB,*  to  whom  we  owe  the  discovery  of  this  two- 
fold charact*?r  of  the  movement,  regard  it  as  a  reflex  which  is  con- 
trolled within  the  intestinal  wall  itself  through  its  intrinsic  ganglia 
and  their  afferent  and  efferent  connections.  When  a  bolus  is 
inserted  into  the  intestine  at  any  point  its  effect  upon  the  sensory 
fibers  is  such  as  to  eau.se  a  reflex  contraction  of  the  muscle  above  the 
bolus,  that  is,  toward  the  stomach,  and  a  reflex  inhibition  or 
dilatation  below.  They  speak  of  this  definite  relationship  as  the 
atf  of  the  intefitine.  It  ia  obvious  that  the  circular  layer  of  muscles 
is  chiefly  involved  in  peristalsis,  since  constriction  can  only  be  pro- 
duce<l  by  contraction  of  this  layer.  To  what  extent  the  longitudi- 
nal muscU'H  enter  into  the  movement  is  not  definitely  determined. 
The  term  "  antiperistalsis  "  is  used  to  describe  the  same  form  of 
movement  running  in  the  opfxisite  din-ction — that  is,  toward  the 
•tomach.  Antiperistalsis  is  said  not  to  occur  under  normal  condi> 
•  BaylisH  and  Starling,  "Journal  of  Physiology,"  24,  9U,  1899. 
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tkins;  it  has  horn  observed  in  isolate<l  pieces  of  intestine  or  in  the  ex- 
posei!  intestine  of  living  animals  when  stimulated  artificially  or  after 
complete  intestinal  obstruction  (Cannon),  and  Grutzner*  reports  t 
number  of  curious  exi>eriments  which  seem  to  show  that  sulistanott 
such  at*  hairs,  animal  charcoal,  etc.,  introduced  int-o  the  rectum  may 
travel  upward  to  tlie  stomach  under  certain  conditions.  The  peris- 
taltic wave  normally  passes  downward,  and  that  this  direction  of 
movement  is  dependent  upon  some  definite  arrangement  in  tlie  in- 
testinal wails  is  shown  by  the  experiments  of  Mall  t  upon  reversal  of 
the  intestines.  In  these  experiments  a  portion  of  the  small  intestine 
was  resected,  turned  around,  and  sutured  in  place  again,  so  that  in 
this  piece  what  vv:is  the  lower  end  became  the  up()er  end.  In  tho« 
animals  that  made  a  good  recovery  the  nutritive  condition  gradually 
became  very  serious,  and  when  the  animals  were  killed  and  ex- 
amined it  was  found  that  there  was  an  accumulation  of  focMf  at  thf 
etomacii  end  of  the  reversed  piece  of  intestine,  and  that  this  repon 
showed  miirked  dilatation. 

The  peristaltic  movements  of  the  intestines  may  he  observfd 
upon  living  animals  when  the  abdomen  is  opened.     If  the  operation 
is  made  in  the  air  and  the  intestines  are  exposed  to  its  influence,  or 
if  the  conditions  of  temperature  and  circulation  are  othemriM 
disturbed,  the  movements  observed  are  often  violent  and  irregular. 
The  peristalsis  runs  rapidly  along  the  intestines  and  may  pass  over 
the  whole  length  in  about  a  minute;   at  the  same  time  the  con- 
traction of  the  lungitudinal  nniscles  gives  the  bowels  a  f)eculi*r 
writhing    movement.    Movements    of    this    kind    are    evidentJy 
abnormal,  and  only  occur  in  the  body  under  the  strong  stimulation 
of  pathological  conditions.     Normal  jx^ristaLsis,  the  object  of  which 
is  to  move  the  food  slowly  along  the  alimentary  tract,  is  quite  a 
different  aflair.    Observers  all  agree  that  the  wave  of  contrmctioo 
is  gentle  and  progresses  slowly,  although  at  different  ratc«  perhaps 
in  different  parts  of  the  intestine.     The  force  of  the  eont motion 
as  measured  by  ('a.«ht  in  the  dog's  intestine  is  very  small.    A 
weight  of  five  to  eight  grams  was  sufficient  to  check  the  onw&nJ 
movement  of  the  substance  in  the  intestine  and  to  set  up  violml, 
colicky  contractions  which  caused  the  animal  evident  uneasincai. 
The  time  requirtnl  for  the  passage  of  food  through  the  small  in- 
testine must  vary  with  its  amount  and  clmructiT.     From  obecr- 
vationa  made  uf)on  man  with  the  jr-ray,  Hertz  estimate's  that  on 
the  average  it  requires  al)Out  45  hours.     After  a  meal,  therefore, 
we  nuiy  imagine  that  at  about  the  time  the  stomach  has  finished 
discharging  its  contents  into  the  duodenum  the  firttt   poriioitf 


•  "r>fiit'«rh<'  mixiirinim'Iie  Wochmwliritt,"  No.  48,  1894. 

t  "Johiu  Hopkiim  Hctspilul  Ke|K}r(«,"  1.  03,  IR06. 

t  "  Froeccdinei  of  the  Hoy»l  Society."  London,  41,  IS87. 
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reached  the  ileocecal  valve.  That  is  to  say,  a  column  of 
food,  broken  into  separate  segments,  stretches  at  one  time  practi- 
cally along  the  whole  length  of  the  small  intestine. 

Mechanism  of  the  Peristaltic  ^fm.'('^nent. — The  means  by  which 
the  peiistaltic  mo^'ement  m/ikes  its  orderlj'  fnnvard  progression 
have  not  been  determined  beyond  fiuestion.  The  simplest  explana- 
tion would  be  to  assume  that  an  impulse  is  conveyed  directly  from 
cell  to  cell  in  the  circular  muscular  coat,  so  that  a  contraction  started 
at  any  point  would  spread  by  direct  conduction  of  the  contraction 
change.  This  theory,  however,  does  not  explain  satisfactorily  the 
normal  conduction  of  the  wave  of  coutraction  always  in  one  direc- 
tion, nor  the  fact  that  the  wave  of  contraction  is  preceded  by  a 
wave  of  inhibition.     Moreover,  Bayliss  and  Starling  state  that, 

Flthough  the  peri.''taltic  movements  continue  after  section  of  the 
extrinsic  nerves, — indeed,  become  jnore  marked  under  these  con- 
ditions,— the  application  of  cocain  or  nicotin  prevents  their  oc- 
currence. Since  these  substances  may  be  supjwsed  to  act  on  the 
intrinsic  nerves,  it  is  probable  that  the  co-ordination  of  the  move- 
ment is  effected  through  the  local  nerve  ganglia,  but  our  knowledge 
,  of  the  mechanism  and  physiolog}'  of  tliese  f>eriphcral  nerve-plexusea 
as  yet  quite  incomplete. 

Rh'itkmical  Movemmta. — In  addition  to  the  peristaltic  wave    a 

second  kind  of  movement  may  l>e  observed  in  the  small  intestines. 

tt  consists  (.assent ially  in  a  series  of  hvnl  con.itriftions  of  the  intes- 

lal  wall,  the  constrictions  occurring  rhythmically  at  those  points 

It  which  masses  of  food  lie. 

Cannon*  has  studied  these  movements  most  successfully  by 
means  of  the  Roentgen  rays.  He  finds  thut  a.s  a  result  of  the.se 
contractions  the  masses  or  strings  of  footl  lying  in  the  intestine  are 

I  suddenly  segmented,  repeatedly  and  in  a  definite  manner,  into  a 
bumber  of  small  pieces,  which  move  to  and  fro  as  the  pieces  combine 
imd  are  again  separated  (see  Fig.  286).  These  segmentations  may 
|>roceed  at  the  rate  of  thirty  por  minute  for  a  certain  time,  and  the 
apparent  result  is  that  the  material  is  well  mixed  with  the  digestive 
secretions  and  is  brought  thoroughly  into  contact  with  the  absorp- 
tive walls.  iJuring  these  rhythmical  contractions  there  is  no  steady 
progression  of  the  food;  it  remains  in  the  same  region,  although 
subjected  to  repeated  division.s.  From  time  to  time  the  separated 
J)iece8  are  caught  by  an  advancing  peristaltic  wave,  moved 
"Torward  a  certain  di.stance,  and  gathered  again  into  a  new  mass. 
In  this  new  location  the  rhythmical  contractions  again  segment 
nd  chum  the  ma.ss  before  a  new  peristaltic  wave  moves  it  on. 
According  to  this  de.scrijjtinn,  the  rhythmical  mo\'ements  are 
eal  contractions  (mainly  of  the  circular  muscles)  which  seem 
•Cannon,  "American  Journal  of  Physiology, "  6,  2.^1,  1902. 
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to  be  due  to  the  local  distention  caused  by  the  food.  They  occtm^x 
rhythmically  for  a  certain  period  and  then  cease  until  a  new  seric?--ji 
is  started,  and  it  is  obvious  that  they  must  play  a  very  importai'^h.t 
part  in  promoting  both  the  dij^eMtitm  and  absorption  of  the  fofic  ^. 
Mall*  has  suggested  that  these   rhytlimical  contractions  of  tb^^e 


KJK-   286. — Dinisram  to  show  rh«  cfTert  of  tlip  rliythuiicsl  conatricling   moremeau  c 
the  amall  iute.HUiii^  upon  the  ronlmned  food.     A  strinR  of  food  (1^  is  divicMxl  mid<iealy  bit 
a  aeriea  of  aegmenu  <21 ;  each  of  llie  Inttcr  ix  adin  divided  and  the  prooeasia  repeated 
number  of  times  (3  and  4 ).     Eventunlly  a  peristaltic  wave  sweeps  theae  seamenta  fo 
a  certain  distance  and  gathen  them  again  into  a  loug  Mring,  a*  in  (I),     llie  pr 
aeKmentaUon  is  then   repeated  as  dettcribed  above.     (Cannon.) 

circular  coats  may  also  act  as  a  pumping  meehanism  upon  tht—-^*    ■ 
venous  plexuses  in  the  walls  and  thus  aid  in  driving  the  blood  intc:::^^*'  I 
the   portal   system.     Similar   movements   have  been    observedJ^^ 
in   the   human   being. f     The   curiouH  observation   is   report e<lt^-5^ 
that  during  the  period  of  fa.sting  (dog)  the  whole  gastro-intestinal  M^^m 
canal,    although    empty,    shr)w.s    at    intervals   rhythmical    con-- — '-^ 
traetitjns  of  its  nnisculature  whitdi  mit>'  last  for  twenty  to  thirty      '-^2 
minutes  (see  p.  778). 

The  Nervous  Control  of  the  Intestinal  Movements. — There 
is  some  evidence  to  .show  that  the  rhythmical  contractions  of  the 
inteetincH  are  muscular  in  nrigin  {tiiyctgfuic),  while  the  more  co- 
ordinated peristxltir  movements  tlepend  upon  the  intrinsic  nervous 
mechanism.  The  int^^stine  Ls,  however,  not  dependent  for  either 
movement  upon  its  connections  with  the  central  nervous  system. 
Like  the  stomach,  it  is  an  automatic  organ  whose  activity  is  simply 
regulated  through  its  extrinsic  nerves. 

The  small  intestine  and  the  greater  part  of  the  laT:ge  intestine 
receive  visceromotor  nerve  fibers  from  the  \'agi  and  the  sympathetic 
chain.  The  former,  according  to  most  observers,  when  artifically 
stimulated  cause  movements  of  the  intestine,  and  are  therefore 
regarded  as  the  motor  fibers.  It  seems  probable,  however,  that  the 
vagi  carry  or  may  carry  in  some  animals  inhihitorj-  fibers  as  weJJ, 
and  that  the  motor  effects  usually  obtained  upon  stimulation  ate 

*  Mall,  "Johns  Hopkins  Hoapital  Report*,"  1896,  i.,  37. 

t  f  If'rtz,  h>c.  cit. 

X  Boidireff,  "Archivefl  des  sciences  biologiqmw,"  11,1,  ISO,"!. 
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due  to  the  fact  that  in  thcso  nerxcs  the  motor  fibers  predominate'. 
The  fibers  receivetl  from  the  sympathetic  chain,  on  the  other  hand, 
give  nxainly  an  inhibitory  effect  when  stimulated,  although  some 
motor  fibers  apparently  may  take  this  path.  Rechterew  and 
Mislawski  ♦  state  that  the  sympathetic  fibers  for  the  small  intestine 
emerge  from  the  spinal  cord  aa  medullated  fibers  in  the  sixth  dorsal 
to  the  first  hmibar  spinal  nerves,  (or  lower — Hunch)  and  pass  to  the 
sj'mpathetie  chain  in  the  splanchnic  nerv'es  and  thence  to  the 
semilunar  plexus.  The  paths  of  these  filters  tlm)ugh  the  central 
nervous  system  are  not  known,  but  there  are  e\'ident]y  connections 
extending  to  the  higher  brain  centers,  since  jxsychical  states  are 
known  to  influence  the  movements  of  the  intestine,  and  according 
to  some  observers  stiuudation  of  [xirtions  of  the  cerebral  cortex 
may  produce  movements  or  relaxation  of  the  walls  of  the  small  and 
lai]ge  intestines. 

Effect  of  Various  Conditions  upon  the  Intestinal  Move- 
ments.— Experiment-s  have  shown  that  the  movements  of  the  in- 
testines may  be  evoked  in  many  ways  itx  addition  to  direct  stimu- 
lation of  the  extrinsic  nerves.  Chemical  stimuli  may  !je  applied 
directly  to  the  intestinal  wall.     Mechanical  stimulation — pinching, 

l|for  example,  or  the  introduction  of  a  bolus  into  the  intestinal 
cavity — m.ay  start  peristaltic  movements.  Violent  movements 
may  be  produced  also  by  shutting  off  the  blood-supply,  and  again 
temporaril\'  when  the  supply  is  re-established.  A  condition  of 
dyspnea  maj'  also  start  movements  in  the  intestines  or  in  some 
cases  inhibit  movements  which  are  already  in  progress,  the  stimu- 
lus in  this  case  seeming  to  act  upon  the  central  nervous  system  and 
to  stimulate  both  the  motor  and  the  inhibitor}'  filters.  Oxygen  gas 
within  the  bowels  tends  to  suspeml  the  movements  of  the  intes- 
tine, while  CC)„  CH^,  and  HjS  act  as  .stimuli,  increasing  the  move- 
ments. Organic  acitis,  such  as  acetic,  ]jropionic,  foruMc,  and 
caprylic,  which  may  be  formed  normally  within  the  intesfcine  as 
the  result  of  brictcriid  action,  act  also  ius  strong  stimulants. 

H  Movements  of  the  Large  Intestine. — The  opening  from  the 
small  intestine  into  the  large  is  cotitrolled  both  by  the  ileocecal 
valve  and  by  a  sphincter,  the  ileocecal  or  ileocolic  sphincter. 
It  is  stated  that  this  sphincter  is  normally  in  tonu-s  and  that 

^-  its  condition  of  tonus  is  regulated  through  the  splanchnic  nerve 

B  (Magnus).  The  musculature  in  the  large  intestine  has  the 
same  general  arrangement  as  in  the  small,  and  the  usual  view 
has  been  that  the  movements  are  similar,  although  more  infre- 
quent, so  that  the  material  received  from  the  small  intestine 
^is  slowly  moved  along  while  becoming  more  and  more  solid 
•  "AxohJv  f.  Phyaiologie,"  18S9,  HUppl.  volume. 
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from  the  absorption  of  water,  until  in  the  form  of  feces  it  reachik  ^ 

the  sigmoid    flexure   aiul   rectum.     Baylisa   and   Starling  st^^t^ 
that  their  law  of  intestinal  peristalsis  holds  in  this  jxirtion    <>/ 
the  intestine, — that  is,  local  excitation  causes  a  constriction  abo-ve 
and  a  dilatation  below  the  point  stimulated.     Cannon,*  howerer. 
from  his  studies  of  the  normal  niovements  in  cats,  as  seen  h)*  the 
Roent-gen  rays,  comes  to  the  conclusion  that  the  movements  in  the 
large  intestine  show  a  marked  peculiarity  j^reviously  overiooked. 
He  divides  the  large  intestine  into  two  parts;  in  the  second,  cor- 
responding roughly  to  the   descending  colon  the  food  is  move<J 
toward  the  rectum  by  peristaltic  waves.    A  number  of  constrictions 
may  be  seen  simultaneously  within  a  length  of  some  inches.    In 
the  ascending  and  transverse  colon  and  cecum,  on  the  contrar>",  the 
most  frequent  movement  is  that  of  an ti peristalsis.    The  food  in  this 
portion  of  the  canal  is  more  or  less  liquid  and  its  presence  sets  up 
running  waves  of  constriction,  which,  beginning  somewhere  in  the 
colon,  pass  toward  the  ileocecal  valve.     These  waves  occur  in  groups 
separated  by  j^eriods  of  rest.    The  presence  of  the  ileocecal  valve 
prevents  the  materia!  from  being  forced  back  into  the  small  iB- 
testine.    The  value  of  this  pecviliar  re\'ersal  of  the  normal  move- 
ment of  the  bowels  at  this  jmrticular  point  woidtl  seem  to  lie  in  the 
fact  that  it  delajs  the  passage  of  the  material  toward  the  rectum 
and  by  thoroughly  mixing  it  gives  increased  opportunities  for  the 
completion  of  the  processes  of  digestion  and  absorption.     Herti 
estimates  that  in  man  the  food  requires  about  2  hours  to  i)a^ 
from  the  ileocecal  valve  to  the  hepatic  flexure  and  about  -k*! 
hours  to  reach  the  splenic  flexure.     As  the  colon  becomes  fill^^ 
some  of  the  material  penetrates  into  the  descending  part,  whe^"^ 
the  normal  peristalsis  carries  it  very  slowly  toward  the  rectuia  ^ 

The  large  intestine — particularly  the  descending  colon  ar»-J^^ 
rectum — receives  it.n  ner\'e  sTipfily  from  two  sources  (Fig.  287"    J^ 
(1)  Fibers  which  leave  the  spinal  cord  in  the  lumbar  nerv< 
(second  to  fifth  in  cat),  pa.'«>  tn  the  sympathetic  chain,  ai 
thence  to  the  inferior  mesenteric  ganglia,  which   probably   fori 
the  terminatiun  of  the  preganglionic  fibers.     From  this  poijx::^'^ 
the  path  is  continued  by  fibers  running  in  the  hypogsistric  nerv*e 
and   plexus.     Stimulation   of  these   fibers   has   given   diflferer 
results  in  the  hands  of  various  observers,  but  the  most  recer^^ 
workt  indicates  that  they  are  inhihitorj'.     (2)  Fibers  that  leav 
the  cord  in  the  sacral  nerves  (second  to  fourth),  form  part  of  th 
nervi  erigentes  and  enter  into  the  hypogastric  plexus.     Whe 

•  Cannon,  loc.  cit. 

t  Langley  und  .^ndereoa,  "Journal  of  Phyaiology,"  18,  67.  1895.  Bi«; 
lias  and  StarlinR,  ihul.,  2<j,  107,  HWO.  Also  Wiscnnewaky,  in  Hermann- 
"  Jahresbcricht  iler  PhyHiologie,"  vol.  xii.,  1896. 
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timulatcd  these  fibers  cause  contractions  of  the  muscular  coats; 
they  may  be  regardetJ,  therefore,  as  motor  fibers.  As  in  the 
case  of  the  small  intestine  and  stomach,  we  may  assume  that 


VJ>f»>y{. 
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Fi|{.  287, — Scliciita  to  xliow  Oie  inner\-slion  of  llie  rectum  and  inlirmal  spliincter 
at  the  anus,  and  the  foruiation  of  ibe  lij-poKiutric  nlexiu.  (After  Frankl'llurhwarl  nnii 
FrMieh.) 


Rt 


these  motor  and  inhibitory  fibers  serve  for  the  reflex  regulation 
and  adaptation  of  the  movements. 

(Defecation. — The  undigested  and  Indigpstilile  parts  of  the 
ood,  together  with  some  of  the  debris  ami  secretions  ham  the 
ilimentary  tract  eventually  reach  the  Hignioid  flexure  and 
ectum.  Authorities  differ  as  to  whether  the  rectinn  normully 
ontains  fecal  material  or  not.  According  to  the  obsf-rvations 
of  Hertz,*  made  upon  man  by  means  of  x-rays,  fecal  mateiiol 
i.s  normally  absent  from  the  rectum  cxcej>t  just  before  defeca- 
tion. It  seems  probable  that  a  distinct  desire  to  defecate 
felt  only  when  the  feces  have  nctuall\'  entered  the  rcc- 
im  and  produced  some  distension.  The  fecal  material  is 
stained  within  the  rectum  by  the  action  of  the  two  sphincter 
juscles  whicli  close  the  anal  opening.  One  of  these  nmscles. 
IP  internal  sjjhincter,  is  a  strong  band  of  the  circular  layer  of 
kvoluntary  muscle  which  forms  one  of  the  coats  of  the  rectum. 

•  Hertz,  "Guy's  Hospital  Reporta,"  61,  389,  1907. 
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When  the  rectum  contains  fecal  material  this  muscle  is  thrown 
into  a  condition  of  tonic  contraction  until  the  act  of  defecation 
begins,  when  it  is  relaxed.  The  external  sphincter  ani  is  com- 
posed of  striated  muscle  tissue  and  is  under  the  control  of  the 
will  to  a  certain  extent.  It  is  supplied  by  a  motor  nerve,  the 
Nn.  hemorrhoidales  inferiores,  arising  from  the  N.  pudendus 
and  eventually  from  the  sacral  spinal  nerves.  This  muscle, 
therefore,  like  striated  muscle  in  general,  is  innervated  directly 
from  the  spinal  cord,  but  it  possesses  properties  which  are  to 
."^ome  extent  intermediate  between  those  of  plain  and  of  striated 
muscle.  For  example,  it  differs  from  the  latter  and  resembles 
the  former  in  the  fact  that  it  does  not  atrophy  after  section  of 
its  motor  ner\'e;  it  is  much  l^s  sensitive  to  the  paralyzing  action 
of  curare  than  the  typical  striated  muscle,  and  it  is  stated  that 
its  curve  of  contraction,  when  it  is  stimulated  through  its  nene, 
exhibits  a  long  latent  period  and  a  slow  contraction  and  relaxa- 
tion. Both  the  internal  and  the  external  sphincter  are  normally 
in  tonus  and  unite  in  protecting  the  anal  opening.  The  forre 
of  the  tonic  contraction  of  the  internal  is  somewhat  less  (30  to 
60  yter  cent.)  than  that  of  the  external  sphincter.f  The  innena- 
tion  and  contrt>l  of  the  internal  sphincter  is  better  understood 
than  that  of  the  external.  Like  the  rest  of  the  rectum,  it  receives 
motor  fibers  fn>m  the  hypogastric  plexus  by  way  of  the  nemis 
erigens,  and  inhibitory  fibers  from  the  same  plexus  by  way  of  the 
hyiH>ga.«!tric  nerve.  It  has  been  possible  to  show  experimentally 
that  each  of  these  sets  o(  fibers  may  be  actetl  upon  reflexly.  for 
example,  by  stinmlation  of  the  ^^'nsory  nerves  in  the  sciatic. 
The  reflex  takes  place  in  this  case  through  the  lower  portion  of 
the  conl.  Both  the  hyjH->g:istric  nerve  and  the  N.  erigens  cim- 
tain  also  afferent  fillers.  Stimulation  of  the  central  end  of  the 
severeil  N.  erigens  gives  a  reflex  inhibition  through  the  hypo- 
g:i.««tric  nerve,  and  stimulation  of  the  central  stump  of  the  cut 
hyi>og:istrio  causes  a  reflex  contractitin  through  the  N.  erigens. 
It  is  even  state«l  that  these  latter  reflexes  may  be  obtained 
when  the  lumlmsaonil  cord  is  destn>yetl.  a  fact  which  if  correct 
would  indicate  a  reflex  effecte<i  through  an  outlying  ganglion 

inl.  mestmterio  ganglion^.  Tlie  act  of  ilefecation  as  it  iH'curs 
mvrnuUly  is  partly  a  voluntary  and   partly  an  involuntar>'  act. 

rhe  involuntary  aoi  i'onsist>  in  j»eristaltic  contractions  of  the 
rectum  or.  indrtNl.  of  the  whole  rolon.  together  with  an  inhibi- 
tion of  the  sphinoter>.  Whether  the  inhibition  of  the  sphincters 
i^  nonv.;»ny  entirely  :»n  involuntary  reflex  canniit  l>e  statfri 
•  Con^tiit  Frar.kl-Hivhwari  .-inJ  Fmhlioh.  "'Arrhiv  f.  d.  (tw.  Phvsaolope." 
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definitely.  No  tloubt  the  sensory  stimuli  arising  from  the  accu- 
mulatioa  of  fecal  material  uouk!  eventually  cause  in  this  way 
A  relaxation  of  the  sphincters,  but  the  act  of  defecation  usually 
fakes  place  before  such  a  strong  necessity  arises.  It  is  initiated 
usually  by  a  voluntary  act  and  it  is  possible  that  in  such  cases 
tlie  relaxation  of  botli  sphincters  may  be  effected  by  voluntary 
iflhibition  acting  upon  the  spinal  centers. 

The  voluntary  factor   in   defecation  consists  mainly  in  the 
Contraction    of    the    alidoniinal    muscles.     When    these    latter 
•^tiscles  are  contracted  and  at  the  same  time  the  diaphragm  is 
prevented  from  moving  upward  by  the  closure  of  the  glottis, 
*he  increased  abdominal  pressure  is  brought  to  bear  upon  the 
Abdominal  and  pelvic  viscera,  and  aids  strongly  in  {»rcssing  the 
•^'jntents  of  the  de.scending  colon  and  sigmoid  flexure  into  the 
'J^tura.     The  pressure  in  the  abdominal  cavity  is  still  further 
Ulcreased  if  a  deep  inspiration  is  first  made  and  then  maintained 
cluring  the  contraction  of  the  abdominal  muscles.     Hertz,  on 
the  basis  of  his  skiagraphic  observations,   insists  that  simul- 
taneously with  the  contraction  of  the  abdominal   nmscles  and 
the  closure  of  the  glottis  the  diaphragm  is  also  contracted  and 
thus  aids  in  bringing  pressure  to  bear  upon  the  pelvic  organs. 
Although  the  act  of  defecation  is  normally  initiated  by  voluntary 
effort,  it  may  also  be  carried  out  its  a  purely  involuntary  reflex 
|b«'hen  the  sensory  stimulus  is  sufficiently  strong.     Goltz*  has 
^*thown  that  in  dogs  in  which  the  spinal  cord  hatl  l>een  severed 
in  the  lower  thoracic  region  defecation  was  performetl  normally. 
In  later  experiments,  in  which  the  entire  spinal  cord  was  removed 
except  in  the  cervical  anfl  upper  |>art  of  the  thoracic  region,  it 
was  found  that  the  animal,  after  it  had  recovered  from  the 
operation,  had  normal  movement  once  or  twice  a  day,  indicating 
that   the   rectutn   and  lower  bowels  acted   by  virtue  of  their 
Bteiotrinsic    mechanism.     An    interesting   result   of   these   experi- 
Hrinents   was  the  fact   that   the  external  sphincter  suffereii   no 
atrophy,  althcyigh  its  motor  nerve  was  destroyed,  and  that  it 
eventually  regained  its  tonic  activity. 

It  would  seem  that  the  whole  act  of  defecation  is,  at  bottom, 
an  involuntary  reflex.  The  physiological  center  for  the  move- 
ment probably  lies  in  the  lumbar  cord,  and  it  has  sensory  and 
lOtor  connections  with  the  rectum  and  the  tnusrles  of  defecation. 
As  stated  above,  the  inhil>itory  fibers  to  the  internal  sphincter 
pass  by  way  of  the  hypogastric  nerve,  the  motor  fibers  through 
"the  nervus  erigens,  and  both  of  these  nerves  cimtain  afferent 
£bers  which  may  reflexly  excite  inhibition  or  contraction.  But 
•  "Archiv  f.  die  gesaininle  rhysiologie,"  8,  ICO,  1874;  63,  362,  1896. 
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this  center  is  probably  provided  also  with  intraspinal  con- 
nections ivith  the  centers  of  the  cerebrum,  through  which  tlie 
act  may  be  controlled  by  voluntary  impulses  and  by  varinuj 
psychical  states;  the  effect  of  emotions  upon  defecation  l»einp 
a  matter  of  common  knowledge.  In  infants  the  essentially  in- 
v(jluntary  character  of  the  act  is  well  known. 

Vomiting. — The  act  of  vomiting  causes  an  ejection  of  the  con- 
tents of  the  stomach  through  the  esophagus  and  mouth  to  the 
exterior.     It  was  long  debated  whether  the  force  producing  this 
ejection  come.H  from  a  strong  contraction  of  the  walls  of  the  stom- 
ach itself  or  whether  it  is  due  mainly  to  the  action  of  the  walls  of 
the  abdomen.    A  forcible  spasmodic  contraction  of  the  abdominnJ 
muscles  takes  place,  as  may  easil\'  be  oljserved  by  any  one  upon 
himself,  and  it  is  now  believed  that  the  contraction  of  these  muscles 
is  the  principal  factor  in  vomiting.     Magendie  found  that  if  tlie 
stomach  was  extirpated  and  a  bladder  containing  water  was  sub- 
stituted in  its  place  and  connected  with  the  esophagus,  injection 
of  an  emetic  caused  a  typical  vomituig  movement  with  ejecUon  of 
the  contents  of  the  bladder.     Ciiamizzi  showed,  on  the  other  hand, 
that  upon  a  curarized  animal  ^'omiting  could  not  be  produced  by  an 
emetic — because,  apparently,  the  muscles  of  the  abdomen  were 
paralyzed  by  the  curare.     There  are  on  record  a  number  of  ol>- 
servations  which  tend  to  show  (fiat   the  stomach  is  not  pasffl^'* 
during:  the  act.     On  the  contrary-,  it  may  exhibit  contractions,  mor* 
or  leas   violent   in   character.     According   to   Openchowski,*  t^^* 
pylorus  is  closed  and  the  pyloric  end  of  the  stomach  firmly  co-^^" 
tracted  so  as  to  drive  the  contents  toward  the  dilated  cardiac  p<^^' 
tion.     Cannon  states  that  in  cats  the  normal  jjeristaltic  waves  pa»-^*. 
over  the  pyloric  portion  in  the  period  preceding  the  vomiting  hx^^ 
that  finally  a  strong  contraction  at  the  "transverse  band"  coi*^^ 
pletely  shuts  off  the  pyloric  jxirtion  from  the  body  of  the  stomaci 
which  at  this  time  is  quit«  relaxed.    Tiie  act  of  vomiting  is,  in  fac 
a  complex  reflex  movement  into  which  many  muscles  enter.    Tl; 
following  events  are  describetl :   The  vomiting  is  usually  preceded  b 
a  sensation  of  nausea  and  a  reflex  How  of  saliva  into  the  mouthi 
Thc.st;  phenomena  arc  .succeeded  or  accompanied  Ijy  retching  movt?2 
ments,  which  consist  essentially  in  deep,  spsismmlic  insj)irations  witt        -. 
a  closed  glottis.    The  effect  of  these  movements  is  to  compress  th'^^^ 
stomach  by  the  descent  of  the  diaphragm,  and  at  the  same  time  \^ 
increase  decidedly  the  negative  pressure  in  the  thorax,  and  therefo: 
in  the  thoracic  portion  of  the  esophagus.     During  one  of  th 
retching  movements  the  act  of  vomiting  is  effected  by  a  comnjlsiv^ 
contraction  of  the  abdoniinal  wall  that  exerts  a  sudden  additioi 
"Aivhiv  f .  Physiologie."  1889,  p.  5o2. 
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strong  pressure  upon  the  stomach.  At  the  same  time  the  cardiac 
orifice  of  the  stomaifh  is  tlilaied,  probably  by  an  inhibition  of  the 
.sphincter  caused  by  the  rise  of  pressure  in  the  stomach,  and 
according  to  the  above  description  the  fundic  end  of  the  stoina<'h 
is  also  dilated,  while  the  pyloric  eiul  is  in  strong  contraction. 
The  stomach  contents  are,  therefore,  forced  violently  out  of  the 
stomach  through  the  esophagus,  the  negative  pressure  in  the 
latter  probably  assisting  in  the  act.  The  passage  through  the 
esophagus  is  effected  mainly  by  the  force  of  the  contraction  of  the 
abdominal  muscles;  there  is  no  evidence  of  antiperistaltic  move- 
ments on  the  part  of  the  esophagus  itself.  During  the  ejection  of 
the  contents  of  the  stomach  the  glottis  is  kept  closed  by  the 
adductor  muscles,  and  usually  the  nasal  chamber  is  likewise 
shut  off  from  the  pharynx  by  the  contraction  r>f  the  posterior 
pillars  of  the  fauces  on  the  palate  and  uvula.  In  violent  vomit- 
ing, however,  the  vomited  material  may  break  through  this 
latter  barrier  and  be  ejected  partially  through  the  nose. 

Nervous  Mechanism  of  Vomiting. — That  vomiting  is  a  refiex  act 
is  abundantly  showm  by  the  frequency  with  which  it  is  produced  in 
consequence  of  the  stimulation  of  sensory^  ner\'es  or  as  the  result 
of  injuries  to  various  parts  of  the  central  nervous  system.  After 
lesions  or  injuries  of  the  brain  vomiting  often  results.  Disagreeable 
emotions  and  disturbances  of  the  sense  of  equilibriimi  may  produce 
the  same  result.  Irritation  of  the  mucous  membrane  of  various 
parts  of  the  alimentary  canal  (as,  for  example,  tickling  the  back 
of  the  phar\nx  with  the  finger);  disturljances  of  the  urogenital 
apparatus,  the  liver,  and  other  vi.sceral  organs;  artificial  stimula- 
tion of  the  trunk  of  the  vagus  and  of  other  sensory  ner\'es,  may  all 
cause  vomiting.  Under  ordinary'  conditions,  however,  irritation  of 
the  sensory  nerves  of  the  gastric  mucous  membrane  is  the  most 
common  cause  of  vomiting.  This  effect  may  result  from  the  prod- 
j  ucts  of  fermentation  in  the  stomach  in  cases  of  indigestion,  or  may 
^_be  produced  intentionally  by  local  emetics,  such  as  mustard,  taken 
^Bnto  the  stomach.  The  afferent  path  in  this  case  is  through  the 
^^■nor>'  fil)ers  of  the  vagus.  The  efferent  paths  of  the  reflex  are 
^BRbkI  in  the  motor  nerves  innervating  the  muscles  concernetl  in  the 
vonruting, — namely,  the  vagus,  the  phrenics,  ami  the  spimil  nerves 
supplying  the  abdominal  muscles.  Whether  or  not  there  is  a  defi- 
te  vomiting  center  in  which  the  afferent  inijmlses  are  received 
tlu^ugh  which  a  co-ordinated  series  of  efferent  impulses  is 
out  to  the  various  muscles  hiia  not  l)(*en  .satisfact-orily  deter- 
ined.  It  has  been  shown  that  the  portion  of  the  nervous  system 
through  which  the  reflex  is  effected  lies  in  the  medulla,  and  it  may 
be  observed  that  the  uiuscles  concerned  in  the  act,  outside  those 


Digitized  by 


Google 


726  PHYSIOLOGY   OF   DIGESTION   AND   SECRETION. 

of  the  stomach,  are  respiratory  miiscles.  Vomiting,  in  fact,  consiste 
essentially  in  a  simultaneous  spasmodic  contraction  of  expintoiy 
(abdominal)  muscles  and  inspiratory  muscles  (diaphragm).  It  hu 
therefore  been  suggested  that  the  reflex  involves  the  stimulation  of 
the  respiratory  center  or  some  part  of  it.  Thmnas  claims  to  have 
located  a  vomiting  center  in  the  medulla  in  the  immediate  neighbor- 
hood of  the  calamus  sciiptorius.  Further  evidence,  however,  is 
required  upon  this  point.  The  act  of  vomiting  may  be  produced 
not  only  as  a  reflex  from  various  sensory  nerves,  but  may  also  be 
caused  by  direct  action  upon  the  medullary  centers.  The  actioa 
of  apomorphin  is  most  easily  explained  by  suppodng  that  it  acts 
directly  on  the  nerve  centers. 
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CHAPTER  XL. 


GENERAL  CONSIDERATIONS  UPON  THE  COMPOSITION 
OF  THE  FOOD  AND  THE  ACTION  OF  ENZYHES. 

Foods  and  Foodstuffs. — The  term  food  when  used  in  a  popular 
sense  includes  everytliing  tliat  we  eat  for  the  purpose  of  nourishing 
the  body.  From  this  point  of  view  the  food  of  mankind  is  of  a  most 
varied  character,  comprising  a  great  variety  of  products  of  the 
animal  and  vegetable  kingdoms.  Chemical  analysis  of  the  animal 
and  vegetable  foods  shows,  however,  that  the^'  all  contain  one  or 
more  of  five  or  six  different  classes  of  suijstances  which  are  usuall\" 
designated  as  the  foodstuffs  (older  names,  alimentary  or  j^roximate 
principles)  on  the  Ijelief  that  they  form  the  useful  constituent  of  our 
foods.     The  classification  of  foodstuffs  usuallj'  given  is  as  follows: 


Foodstuffs 


r  Water. 
Inorganic  salts. 
t'ro(Kin«. 

Albuminoidsj  a  group  of  Iwdics  bi/lfmging  to  tiM 
of  |in>tpins,  but  having  in  soitip  rewpectB  s 
^i^•c  value. 
farbohydniteB. 
LFatH. 


I 
I 


leral  group 
'ereul  nutn- 


From  the  scientific  point  of  view,  a  foodstuff  or  fooil  jna>'  be  defined 
as  a  substance  absolutely  ncccsaar}'  to  the  nonual  cojuixjsition  of 
the  Ixxly,  aa  in  the  case  of  water  and  salts,  or  as  a  substance  wliich 
can  be  acted  upon  by  the  tissues  of  the  body  in  such  a  way  as  to 
yield  energy*  (heat,  for  example)  or  to  furnish  material  for  the  pro- 
duction of  lining  tissue.  Moreover,  to  he  a  food  in  the  physiological 
sense  the  substance  must  not  directly  or  indirectly  affect  injuriiiusly 
the  normal  nutritive  processes  of  the  tissues.  The  five  or  six 
substances  named  aljove  are  all  foods  in  this  sense.  The  water  and 
certain  salts  of  sodium,  potassium,  calcium,  magnesium,  iron,  and 
perhaps  other  elements  are  absolutely  necessarv'  to  maintain  the 
normal  composition  of  the  tissue.  Complete  withdrawal  of  any 
one  of  these  constituents  would  cause  the  death  of  the  organism. 
Proteins,  fats,  and  carbohvdnitcs,  on  the  other  hand,  are  substances 
whose  molecules  have  a  more  or  less  complex  structure.  When 
eaten  and  digested  the\'  enter  the  body  liquids  and  are  employed 
either  in  the  synthesis  of  the  more  complex  living  matter,  or  they 
undergo  various  chemical  changes,  spoken  of  in  general  as  metab- 
olism, which  result  finally  in  the  breaking   up  of  their  complex 
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molecules  into  simpler  compounds.  The  chemical  changes  of  metab- 
olism or  nutrition  are,  in  the  long  run,  mainly  exothermic, — that 
is,  they  are  attended  by  the  production  of  heat.  Some  of  the  chem- 
ical or  internal  energy  that  held  the  complex  molecules  together 
assumes  the  form  of  heat,  or  perhaps  muscular  work,  after  these 
molecules  are  broken  down  by  oxidative  changes  to  simpler,  more 
stable  structures,  such  as  water,  carbon  dioxid,  and  urea.  Protdns, 
fats,  and  carbohydrates  form  materials  that  the  tissue  cells  are 
adjusted  to  act  upon  after  they  have  undergone  certain  changes 
during  digestion.  Other  complex  organic  compounds  containing 
chemical  energy  are  either  injurious  to  the  tissues,  or  they  have  a 
structure  such  that  the  tissues  cannot  act  upon  them.  Such 
substances  cannot  be  considered  as  foods  in  the  scientific  sense. 
When,  therefore,  we  desire  to  know  the  food  value  of  any  animal 
or  vegetable  product,  we  analyze  it  to  determine  its  composition  as 
regards  water,  salts,  proteins,  fats,  and  carbohydrates.  The 
following  table  compiled  by  Munk  from  the  analyses  given  by 
Kdnig  *  may  be  taken  as  an  indication  of  the  average  composition 
of  the  most  commonly  used  foods: 


COMPOSITION  OF  FOODS. 

Watuu 

Pkotkiji. 

Fat. 

CAmBOHTDKAT*. 

In  100  Paxtb. 

CxLLWcmu. 

Ah. 

Meat 

76.7 
73.7 

36-60 
87.7 
89.7 
13.3 
35.6 
13.7 
42.3 
13.1 
13.1 
10.1 

12-15 

75.5 

87.1 

90 

73-91 
S4 

20.8 

12.6 

25-33 

3.4 

2.0 

10.2 
7.1 

11.5 
6.1 
7.0 
9.9 
9.0 
23-26 
2.0 
1.0 
2-3 
4-8 
0.5 

1.5 
12.1 
7-30 
3.2 
3.1 
0.9 
0.2 
2.1 
0.4 
0.9 
4.6 
0.3 
li-2 
0.2 
0.2 
0.5 
0.5 

0.3 

3^7 

4.8 

5.0 

74.8 

55.5 

69.7 

49.2 

77.4 

68.4 

79.0 

49-54 

20.6 

9.3 

4-6 

3-12 

10 

0.3 
0.3 
1.6 
0.5 
0.6 
2.5 
0.3 
4-7 
0.7 
1.4 
1-2 
1-5 
4 

13 

Eggs 

1.1 

Cheese 

3-4 

Ckjws'  milk 

Human  milk 

Wheat  flour 

Wheat  bread 

Rye  flour 

Rye  bread 

Rice 

0.7 
0.2 
0.5 
1.1 
1.4 
1.5 
1.0 

Com 

1.5 

Macaroni 

Peas,  beans,  lentils 
Potatoes 

0.5 
2-3 
1.0 

Carrots 

0.9 

Cabbages  

Mushrooms 

Fruit   

1.3 
1.2 
0.5 

An  examination  of  this  table  .shows  that  the  animal  foods,  par- 
ticularly the  mcat.s.  are  characterized  by  their  small  percentage  in 
carlx)hy<Initc  and  by  a  relatively  large  amount  of  protein  or  of 
prot^'in  and  fat.     With  regard  to  the  la.st  two  foodstuff's,  meats  differ 

*S<H'  Konic,  "Die  mcnsohliohen  Nahnmgs  und  Genusumittel ":  and 
Atwater  and  Bryant.  "The  Chemical  Composition  of  American  Food  M«t»- 
rials,"  Bulletin  28,  Uniteii  States  Department  of  Agriculture,  1899. 
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wBfy  much  among  themselves.  Some  idea  of  the  limits  of  variation 
nmy  be  obtained  from  the  following  table,  taken  chiefly  from 
Konig's  analyses: 


Beef,  moderately  fat 

Veal,  fat 

Mutton,  moderately  fat . 

Pork,  lean 

Ham,  sahed 

Pork  (bacon),  very  fat* 
Maokerel  * 


W*T*R. 

Fat. 

73.03 

20.96 

5.41 

72.31 

18.88 

7.41 

75.99 

17.11 

5.77 

72.57 

20.a5 

6.81 

62.58 

2232 

8.38 

lO.OO 

3.00 

80.50 

71.6 

18.8 

8.2 

Cajibohtdbatk. 


0.40 
0.07 


AflH. 


^ 


The  vegetable  foods  are  distinguished,  as  a  rule,  by  their  lai^e 
percentage  in  carbohydrates  and  the  relatively'  small  amounts  of 
proteins  and  fat.s,  a.s  seen,  for  example,  in  the  composition  of  rice, 
com,  wheat,  and  potatoej^.  Nevertheless,  it  will  be  notit-ed  that  the 
proportion  of  protein  in  some  of  the  vegetabl&s  is  not  at  all  insignifi- 
cant. They  are  characterizeii  by  their  excess  in  carbohydrates 
rather  than  by  a  deficiency  in  proteins.  The  composition  of  peas 
and  other  legiiminons  fnod.s  i.s  remarkable  for  the  large  percentage 
of  protein,  which  exceeds  that  found  in  meats.  Analyses  .such  as 
are  given  here  are  indispensable  in  determining  the  true  nutritive 
value  of  foods.  Nevertheless,  it  must  be  borne  in  nund  that  the 
chemical  composition  of  a  food  is  not  alone  sufficient  to  determine 
its  precise  value  in  nutrition.  It  is  obviously  tme  that  it  is  not  what 
we  eat,  but  what  we  digest  and  absorb,  that  is  nutritious  to  the 
body:  so  that,  in  addition  to  dcterroining  the  proportion  of  food- 
BtufFs  in  any  given  food,  it  is  necessary  to  determine  to  what  extent 
the  several  constituents  are  digested.  This  factor  can  be  obtained 
only  by  actual  experinienta.  It  may  be  said  here,  however,  that 
in.  general  the  proteins  of  animal  foods  are  more  completely  digested 
than  are  those  of  vegetables,  owing  chiefly  tu  the  fact  tliat  the 
latter  may  contain  a  considerable  amount  of  indigestible  cellulose, 
which  tends  to  protect  the  protein  from  the  action  of  the  diges- 
tive secretions.  In  the  aiiitiial  fuods,  therefore,  chemical  analysis 
comes  nearer  to  expre-s.-^ing  directly  the  nutritive  value. 

Accessory  Articles  of  Diet. — In  addition  to  the  foodstuffs 
proper,  our  footls  contain  numerous  other  substances  which  in 
mte  way  or  another  are  u.seful  in  nutrition,  although  not  ab.so- 
lut.ely  necessary.  The.se  .substance.s,  differing  in  nature  and 
iuiportance,  may  be  cla.ssified  under  the  tiiree  heads  of: 

Flavora:    the  variuuB  oils  or  estera  that  ^ive  odor  and  taste  to  foods. 
(.Vindinwnt*:     iw'pper,  salt,  niiLstard,  etc. 
Stimulants;    alcohol,  loo,  coffw,  cocoa,  etc. 

•  Atwatcr:    "The  Chemi-stry  of  Foods  and  Nutrition,"  1887. 
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The  specific  influence  of  these  substances  in  digestion  and  nutri- 
tion is  considered  in  the  section  on  Nutrition. 

The  Chemical  Changes  of  the  Foodstuffs  during  Digestion. 
— The  physiology  of  digestion  consiste  chiefly  in  the  study  of  the 
chemical  changes  that  the  food  undergoes  diuing  its  passage  through 
the  alimentary  canal.  It  happens  that  these  chemical  changes  are 
of  a  peculiar  character.  The  peculiarity  is  due  to  the  fact  that  the 
changes  of  digestion  are  effected  through  the  agency  of  a  group  of 
bodies  known  as  enzymes,  or  unorganized  ferments,  whose  chanicsl 
action  is  more  obscure  than  that  of  the  ordinary  reagents  with  which 
we  have  to  deal.  It  will  save  repetition  to  give  here  certain  geaati 
facts  that  are  known  with  reference  to  these  bodies,  reserving  fct 
later  treatment  the  details  of  the  action  of  the  specific  ensymee 
found  in  the  different  digestive  secretions. 


KNZYHHS  AND  THEIR  ACTION. 

Historical. — ^The  term  fermentation  and  the  idea  that  it  is 
meant  to  convey  has  varied  greatly  during  the  course  of  years.    The 
word  at  first  was  applied  to  certain  obvious  and  apparently  spon- 
taneous changes  in  organic  materials  which  are  accompanied  by  the 
liberation  of  bubbles  of  gas:  such,  for  instance,  as  the  alcohdic 
fermentations,  in  which  alcohol  is  formed  from  sugar;  the  acid  kr- 
mentations,  as  in  the  souring  of  milk;  and  the  putrefactive  fer 
mentations,  by  means  of  which  animal  substances  are  disint^rated. 
with  the  production  of  offensive  odors.    These  mysterious  phenom- 
ena excited  naturally  the  interest  of  investigators,  and  \s-ith  the 
development  of  chemical  knowledge  numerous  other  jirocesses  were 
discovered  which  resemble  the  typical  fermentations  in  that  the}" 
seem  to  l)e  due  to  specific  agents  whose  mode  of  action  differs  from 
the  usual  chemical  reactions,  especially  in  the  fact  that  the  causa- 
tive agent  itself,  or  the  ferment  as  it  is  called,  is  not  destroyed  or 
used  up  in  the  reaction.    Thus  it  was  discovered  that  germinating 
barley  grains  contain  a  something  which  can  be  extracted  by  )»"ater 
and  which  can  convert  starch  into  sugar  (Kirchhoff,  1814).    Later 
this  substance  was  separated  b)-  precipitation  with  alcohol  and  wa» 
given  the  name  of  diastase  (Payen  and  Persoz,  1833).    SchwTUin 
in  1836  demonstrated  the  existence  of  a  ferment  (pepsin)  in  gastric 
juice  capable  of  acting  upon  albuminous  substances,  and  a  number 
of  similar  Iwxlies  were  soon  discovered:    tr}'psin  in  the  pancreatic 
juice,  amygdalin,  invertin,  ptyalin,  etc.    These  sul)stance8  wereaH 
tlesignated  as  ferments,  and  their  action  was  compared  to  that  of 
the  alcoholic  fermentation  in  yeast,  the  process  of  putrefaction,  etc. 
Naturally  verj^  many  theories  have  been  proposed  regarding  the 
caui^  of  the  processes  of  fermentation.     For  the  historical  deN*elo|^ 
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ment  and  intorrelat iun  uf  those  tlieorics  references  niUMt  be  inach-  to 
special  works.*  It  is  sufficient  here  to  say  that  the  brilliant  work 
ojf  Pasteur  established  the  fact  that  the  fermentations  in  the  old 
sense — ^alcoholic,  acid,  and  piitrefaetive — are  due  to  the  presence 
and  activity  of  living  organisms.  He  showed,  moreover,  that 
many  diseases  are  likewise  due  to  the  activity  of  niimit«  Jiving 
oi^ganisms,  and  thus  justified  the  ^•ie\v  held  by  some  of  the  older 
physicians  that  there  is  a  close  sinularity  in  the  processes  of  fer- 
mentation and  disease.  The  clear  demonstration  of  the  importance 
of  living  organisms  in  some  fermentations  and  the  equally  clear 
proof  of  the  existence  of  another  group  of  feniient  actions  in  which 
living  material  is  not  directly  concerned  le<i  to  a  classification  which 
is  used  even  at  the  present  day.  This  classification  divided  fer- 
ments into  two  great  groups:  the  li\ing  or  organized  femientj?,  such 
as  the  yeast  cell,  bacteria,  etc.;  and  the  uon-Hving  or  unorganized 
ferments,  such  as  pepsin,  trj'psin,  etc.,  which  later  were  generally 
tiesignatetl  as  enzvTnes  (Kuhne).  The  separation  appeared  to  be 
'entirely  satisfactory-  until  Buchner  (1897)  showed  that  an  unor- 
ganized ferment,  an  enzyme  (zymase)  capable  of  proilucing  alcohol 
irom  sugar,  may  be  extracted  from  yeast  cehs.  Later  the  same 
ibserver  (1903)  succeetletl  in  extracting  enzymes  from  the  lactic- 
Bcid-producing  bacteria,  and  the  acetic-acid-producing  bacteria 
which  are  capable  of  giving  the  same  reactions  as  the  living  bacteria. 
ese  discoveries  indicate  clearly  that  there  is  no  essential  difference 
tween  the  activity  of  living  and  non-living  ferments.  The  so- 
called  organized  ferments  probably  produce  their  effects  not  by 
virtue  of  their  specific  life-metai)olism,  but  by  the  manufacture 
within  their  substance  of  specific  enzymes.  If  we  can  accept  this 
conclusion,  then  the  general  explanation  of  fermentation  is  to  be 
sought  in  the  nature  of  tlie  enzyjnatic  i>rocesses.  Within  recent 
years  the  study  of  the  enzymes  has  attracted  especial  attention. 
The  general  point  of  view  regarding  their  nuxle  of  nctiun  that  i.s 
iost  frequently  met  with  tfi-dny  is  that  advocated  especiall>' 
by  Ostwald.  He  assumes,  reviving  an  older  view  (Berzelius), 
at  the  ferment  actioiLs  are  similar  to  those  of  catalysi.'j.  By 
catalysis  chemists  designated  a  species  of  reaction  which  Is  brought 
bout  l)y  the  mere  contact  or  pi-esence  of  certain  substances,  the 
iitalyzers.  Thus,  hydrogen  and  oxygen  at  ortlinury  temperatures 
do  not  combine  to  form  water,  but  if  spongj'  platinum  is  present 
the  two  gases  unite  readily.  The  platinum  tloes  not  enter  into  the 
action,  at  least  it  inulergoes  no  change,  and  it  i.s  .^aid,  therefore, 

•Coniiult   Grren,   "The  Soluble   Ferment.s  and   Fermentations,"    1899; 
Effront,  "Enzymes  and  their  Applications"  (1rmi.s!iitiiii)  liy  Prescott),  1902; 
kOppcnheimer,   "Die  Ferinente  tnid  ihre  Wirkungen,"  «erond  cxiition,   HKW: 
|AI<x>re,  ill  "Recent  Advances  in  Phv.sioloRj'  nnA  Bi(whemi.stry,  London  and 
KSew  York,"  1906;  Vcruon,  "Intracellular  Enz>'nie8j"  London,  1908. 
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to  act  by  catalysis.     Many  similar  catalj'lic  reactions  are  known, 
and  the  chemists  have  reached  the  important  generahzation  that 
in  such  reactions  the  catalyzer,  platinum  in  the  above  instajice, 
simply  hastens  a  process  which  would  occur  without  it,  but  much 
more  slowly.     A  catalyzer  is  a  substance,  therefore,  that  alters 
the  velocity  of  a  reaction,  but  does  not  initiate  it.     This  idea  is 
illustrated  very  clearly  by  the  catalysis  of  hydrogen  peroxid.    Thi» 
substance  decomposes  spontaneously  into  water  and  oxygen  accord- 
ing to  the   reaction  H/Jj  =  HjO  +  O,  but  the   decomposition  I' 
greatly  hastened  by  the  presence  of  a  catalyzer.     Thus.  Bredighss^ 
shown  that  platinum  in  veiy  fine  svispension,  so-called  colloidal 
solution,  exerts  a  marked  accelerating  influence  upon  this  reaction', 
one  part  of  the  colloidal  platinum  to  350  niilliun  parts  of  watc' 
may  still  exercise  a  perceptible  effect.    The  blood  and  aciueous  ev 
tracts  of  various  tissues  also  catalyze  the  hydrogen  peroxid  readily- 
and  this  effect  has  been  attributed  to  the  action  of  an  enzyme  (cat-a" 
lase).     The  view  has  been  proposed,  therefore,  that  the  enzymes  ^^ 
the  body  act  like  the  catalyzers  of  inorganic  origin:  they  influet*** 
the  velocity  of  certain  special  reactions.     Such  a  genera!  concept!*^'* 
as  this  unifi&s  the  whole  subject  of  fermentation  and  holds  out  t'^'^ 
hope  that  the  more  precise  investigations  that  are  possible  in  the  c^t^^ 
of  the  inorganic  catalyzers  will  eventually  lead  to  a  better  und^^^' 
standing  of  the  underlying  physical  causes  of  fermentation.         ^^ 
should  be  borne  in  mind,  however,  that  some  of  the  best  known  of  t  "^^^ 
ferment  actions  of  the  l>ody,  such  as  the  peptic  or  trj'ptic  digestion 
protein,  fit  into  this  view  only  theoretically  and  by  analogy.     Afeg^  * 
matter  of  fact,  albumins  at  ordinary^  t-eroperatures  do  not  split  i^*^^^ 
spontaneously  into  the  products  formed  by  the  action  of  pepsi-.*^^^' 
if  we  consider  that  the  pepsin  simply  accelerates  a  reaction  alreac^  ■^■ 
taking  place,  it  must  be  stated  that  this  reaction  at  ordinai^-^^^ 
temperatures  is  infinit-ely  slow, — that  is,  practically  does  not  occu^-^  ~^V 
At  higher  temperatures,  however,  similar  decompositions  of  ^K'      *^ 
bumin  may  be  obtained  without  the  presence  of  an  enzj-me.  1 

Reversible  Reactions. — It  has  lieen  shown  that  under  prop-*^=X  P^ 
conditions  many  chemical  reactions  are  reversible, — that  is,  me*--*"*'^ 
take  place  in  opposite  directions.  For  instance,  acetic  acid  atC^'^^^ 
ethyl-alcohol  brought  together  react  with  the  production  of  ethy^^,^ 
acetate  and  water: 

CHjCOOH  +  Q,H,OH  =  CH,COOC,H.  -I-  H,0. 
AoAtioadd.  Alcohol.  Ethyl-ac«tmttt.       Watw. 

On  the  other  hand,  when  ethyl-acetate  and  water  are  broi;gtf^l_- 
together  they  react  with  the  formation  of  some  acetic  acid  &ix=^'^°" 
ethyl-alcohol,  so  that  the  reaction  indicated  in  the  above  equatic:^ 
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takes  place  in  opposite  directions,  figuratively  speaking,^a  fact 
which  may  be  indicated  by  a  symbol  of  this  kind: 


I 

Vet 


CH^OOH  +  C,H,OH  -^  CH,COOC,H,  +  H,0. 


[t  is  evident  that  in  a  reversible  reaction  of  this  sort  the  opposite 
changes  will  eventually  strike  an  equilibrium,  the  solution  or  nux- 
ture  will  contain  some  of  all  four  substances,  and  this  equilib- 
rium will  remain  constant  as  long  as  the  conditions  are  unchanged. 
If  the  conditions  are  altered,  however, — if,  for  example,  some  of  the 
substances  formeti  are  remove<l  or  the  mixture  is  altered  as  to  its 
concentration, — then  the  reaction  will  proceed  unequally  in  the  two 
directions  until  a  new  equilil>rium  is  established.  The  un[X)rtance, 
in  the  present  connection,  of  this  conception  of  reversibility  of  reac- 
tions is  found  in  the  fact  that  a  numlicr  of  the  catalytic  reactions 
are  also  reversible.  The  catalyzer  may  not  only  accelerate  a  reac- 
tion between  two  substances,  but  may  also  accelerate  the  recom- 
poaition  of  the  products  into  the  original  substances.  An  excellent 
instance  of  this  double  effect  has  been  obtained  by  Kastle  and 
Loevenhart  in  experiments  upon  one  of  the  enzymes  of  the  animal 
l>ody,  lipase.  Lipase  is  the  enzyme  which  in  the  lK>dy  acts  upon  the 
^— aeutral  fats,  converting  them  into  fatty  acids  and  glycerin, — a 
^Broceas  that  takes  place  as  a  usual  if  not  necessary  step  in  the  dige&- 
^tion  and  absorption  of  fats.  The  authors  above  named*  made  use 
of  a  simple  ester  analogous  to  the  fats,  ethyl-butyrate,  and  showetl 
that  lipase  causes  not  only  an  hydrolysis  of  this  substance  into  ethyl- 
alcohol  and  butyric  acid,  but  also  a  synthesis  of  the  two  last-named 
substances  into  ethyl-butyrate  and  water.  The  reaction  effected 
by  the  lipase  is  therefore  reversible  and  ma}'  be  expressed  as: 


to 


C,H,COOC,H,  +  H,0  ^t  C,H,COOH  +  CjH.OH. 

Ethyl-butyrat«.      Water.  But>'rio  acid.     Ethyl-alcohol. 


^Pase  is  capable  of  exerting  probably  a  smiilar  reversible  reaction  on 
th^  K*^  ^- ^^-^  ^'^'^y-  Assuming  the  existence  of  such  an  action  in 
al^  -Y' '''  ^^  I^Jssible  to  explain  not  only  the  digestion  of  fats,  but 
'^  their  formation  in  the  tissues  and  their  absorption  from  the 
^Ues  during  starvation.  That  is,  according  to  the  conditions  of 
^  "centration,  etc.,  one  and  the  same  enzvme'mav  cause  a  splitting 
ft?,.?.^  y*^-"^"''^]/^'  ^"^.  f^"y  acids  and  glycerin'or  a  storing  up  of 


synthesis  of  fatty  acid  and  glycerin.     In  the 


'^^^tral  fat  by  the 

^^bcutaiieous  tissues/therefore,  fat  mav  l>e  stoml,  toa  certain*m>ijit, 

^^  if  the  conditions  are  altered,  the  fat  that  is  there  mav  be  cliangetl 

if^Ot  to  the  fatty  acids  and  glycerin  and  be  oxidized  in  the  bodv  ^ 

food. 

^L  .1  *//7iiJar  revei^if,ility  has  been  shown  for  some  of  th,.  other 
^^X>^''"'"^''''    ^'--'"iran  Physiotopcal  Journal/' ^aSi:  190^.^'  ^^ 
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enzymes  of  the  body  (nialtase  by  Hill,  1898),  but  whether  or  not  all 
of  them  will  be  shown  to  possess  this  power  under  the  conditions  of 
temperature,  etc.,  that  prevail  in  the  body  can  only  be  deteniiined 
by  actual  experiments. 

The  Specificity  of  Enzymes. — ^A  most  interesting  feature  of 
the  activity  of  enzymes  is  that  it  is  specific.  The  en2>'Ti]e8  that 
act  upon  the  carijohydnites  are  not  capable  of  affecting  the  pro- 
teins or  fats,  and  rke  nrstt.  So  in  the  fermentation  of  closely 
related  bodies  such  as  the  double  sugars,  the  enzyme  that  acts 
u|x>n  the  maltose  is  not  capable  of  affetfting  the  lactoee;  each  re- 
quires seemingly  its  own  specific  enzyme.  In  fact,  there  is  no  clear 
proof  that  any  single  enzyme  can  produce  more  than  one  kind  of 
ferment  action.  If  in  any  extract  or  secretion  two  or  more  kinds 
of  ferment  action  can  be  demonstrated,  the  tendency  at  present 
is  to  attribute  these  different  activities  to  the  existence  of  separate 
ami  specific  enzymes.  The  pancreatic  juice,  for  example,  splits 
proteins,  stai-ches,  and  fats  ami  curdles  milk,  and  there  are  asBumed 
to  l>e  four  thfferent  enzymes  present, — namely,  trj-psin,  diastase. 
lipase,  and  rertnin.  So  if  an  extract  containing  diastase  is  also 
capable  of  decomposing  hydrogen  peroxid  it  is  l^heved  that  this 
latter  effect  is  due  to  the  existence  of  a  special  enzj'me,  ca 
It  eeema  (juite  j)robable  that  this  specificity  of  the  different  enzy 
may  be  related,  as  Fist;hcr*  lias  suggested,  to  the  geometrical  struc- 
ture of  the  substance  act<Kl  upon.  Each  ferment  h  adapted  U>  act 
tijKjn  or  become  attached  to  a  molecule  with  a  ccrtiiin  deftnitf 
structure, — fitte<l  to  it,  in  fact,  as  a  key  to  its  lock.  In  this  mspect 
tlie  action  of  the  .so-called  hydrolytic  enzymes  diffen*  markedly  from 
the  dilute  acids  or  alkalies  which  hydrolyze  many  different  substance* 
without  indication  of  any  sjKH'ificity.  Attention  has  lieen  callcil  to 
the  fact  that  tins  adaptiliility  of  enzymes  to  certain  epec-ific  struc- 
tures in  the  imilcculcs  actwl  upon  resembles  closely  tlu?  .specific 
activity  of  the  toxins,  and  many  useful  and  suggestn-c  com- 
psrisons  may  be  drawn  l>etween  the  mode  of  action  of  aayxues 
and  toxins.  It  has  become  customary  to  speak  of  the  substance 
upon  which  an  enzyme  act-s  ivs  its  siilMratr,  and  it  has  becD 
assumed  that  the  action  of  the  enzyme,  like  that  of  the  toxisfl, 
takes  place  in  tw<j  stages;  first,  the  combination  of  the  ensyme 
and  the  substrate;  second,  the  breaking  down  of  this  compound 
to  give  the  final  products  of  the  reaction.  There  is  some  reawm 
for  i>elieving  that  these  two  stages  may  be  separated,  and  that 
enzymes  which  on  accoutjt  of  certain  conditions,  such  iis  hoattitf, 
have  lost  their  power  of  ilecomposing  the  substrate,  may  rtfli 
have  the  power  of  rondiining  with  it.  Toxins  showing  a  nmflsr 
prop«"rty  are  designated  a.H  toxoids,  and  for  the  entyme  tn  Ihii 
condition  the  t<?rm  zymoid  has  b<?en  suggest^Kl  (Bayliss) 
•  Fiahcr,  "Zritwhri/t  f.  phjnriolog.  Chemic,"  26,  71,  1808. 
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Definition  and  Classification  of  Enzymes  (Ferments}. — On  the 
basis  of  the  cousidfiutiims  |iieserited  in  the  preceding  pariigrajtlis 
Oppenheinier  suo;p:ests  tlie  fullowirig  definition:  An  enzyme  is  a 
substance,  produced  Uy  living  cells,  which  ucts  by  catalysis.  The 
enzjTne  itself  remains  nnchaniied  in  this  process,  and  it  acts  specifi- 
cally,— that  i-s.  each  enzyme  exerts  its  activHy  only  npon  sul>stances 
whose  molecules  have  a  certain  <lefinite  structural  and  stereochemi- 
cal arrangement.  The  enzymes  of  the  body  are  organic  substances 
of  a  colloid  structure  whose  chemical  composition  is  unknowTi. 
A  distinction  is  made  frequently  between  endo-enzymes  and  exo- 
emymes.  fndcr  tlie  latter  group  are  includetl  those  enzymes  which 
are  eliminated  from  the  cells  in  which  they  are  formed,  and  which 
are  found,  therefore,  in  solution  in  the  secretions,  for  exampte, 
the  ptyaltn  of  the  saliva  or  the  pepsin  of  the  gastric  juice.  By 
endo-enzymes  is  meant  a  group  of  intracellular  enzymes  which  are 
not  secreted,  but  are  held  within  the  cells  in  stune  form  of  com- 
bination. To  olitain  them  in  .solution  or  suspension  it  is  necessary 
to  destroy  this  cell,  usually  by  mechanical  means,  such  as  grinding 
the  tissue  with  sand  and,  in  some  caseis,  by  .submitting  the  ground 
mass  to  a  great  pressure  in  a  hydraidic  press.  The  liquid  obtained 
by  this  latter  method  is  known  as  the  "  press  juice  ''  of  the  tissue. 
In  life  the  endo-enzymes  play  their  part  within  the  bounds  of  the 
cells  in  which  they  are  contained,  and  probably  constitute  the 
chief  means  through  which  are  effected  the  metabolic  proces.ses 
that'  characterize  living  matter. 

With  regard  to  the  names  antl  classification  of  the  different 
enzymes,  nmcli  difficulty  is  experienced.  There  is  no  consensus 
among  workers  as  to  the  system  to  be  followed,  Duclaux  has  sug- 
gested that  an  enzyme  Ix^  designated  Tiy  the  name  of  the  body  on 
which  its  action  is  exerted,  and  that  all  of  them  be  given  the  termin- 
ation -ase.  The  enzyme  acting  on  fat  on  this  system  would  be 
named  lipase;  that  on  starch,  amylase;  that  on  maltose,  maltase, 
etc.  The  suggestion  has  been  followed  in  part  only,  the  older  en- 
zymes wfiich  were  first  discovered  l>eing  referred  to  most  frequently 
under  their  original  names.  Having  in  mind  only  the  needs  of 
animal  physiology,  the  following  classification  will  l>e  used  in  the 
treatment  of  the  subjects  of  digestion  and  nutrition: 

1.  The  proteolytic  or  protein-splitting  enzvines.  Examples:  pepsin 
of  gastric  juice,  tr>'pt»i(i  of  paaoreatic  juice.  They  fjuise  n  fiyiiro- 
lytic  cleavage  of  the  protein  molecule. 

2.  The  amylolytic  or  .starrli-splitttng  enzv-mes.  Examples:  ptyalin 
iir  salivary  dia.stase,  iiiuylasf,  or  pancreatic  dia.-^ta.-ic.  Their  acJion 
is  clasely  similar  to  (imt  of  tlie  cla.saical  cnzytne  of  this  groiiii — flias- 
tase — found  in  gfnninatiiig  barley  grains.  They  cause  a  hydrolytic 
cleavage  of  the  wtarch  molecule. 
The  lipolytic  or  fat-i>p!ittiiig  enzymes.     E.xample:    the  lipaeie  found 

ia  thepanereatic  secretion,  iii  the  liver,  connective  tissues,  blood, 
etc.    Tney  caiu«  a  hyclmlytic  clea\'age  of  the  fat  molecule. 
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4.  The  siiKar-eplittinK  enzymes.    Theae   again  fall  into  two  subgroupa: 
(a)  Tlie  inverting  ensjanes,  which  convert  the  double  augareordi- 
sacc'harids    into   ihe   mnnosaccharids.     Examples:     maltase,  which 
8pUts   mattase  to   dcxtrotw ;    invertase,  which  splits  caue-sugv  to 
dextrose  and  levulose;    aud  lactase,  which  splits  milk-«ugar  (lacUne) 
to  dextrose  and  galactose,      (b)  The  enzymes  which  split  the  mooo- 
sarrharids.     There  is  evidence  of  the  presence  in  the  tiasues  of  an 
enzyme  rapoiile   of   splitting   the   sugar   of   the    blood  and  tissues 
(dextrose)  into  lactic  acid. 
6.  The   coagulating  enzymes,  which   convert  soluble  to  insoluble  pro- 
teins.    Example:    The  coafjidation  of  the  ca^in  of  milk  by  rennin. 
6.  The  oxidizing  onzym<^f^  or  oxida.scfl.     A  proup  of  enzjTnes  which  *et 
up  oxidation  processes.     Some  of  the  fletails  of  the  activity  of  thi-r 
enzvmti*  are  considered  in  the  discussion  of  physiological  oxidation* 
(jk93S). 
r.  The  deamidizing  enzymes,  such  as  adenase  and  guanase,  which  by 
hydrolytic  cleavage  split  ofl  an  NH,  group  as  ammonia. 

The  enzymes  contained  in  the  first,  second,  third,  and  fourth  (o) 
of  these  grotips  are  the  ones  that  play  the  chief  rfiles  in  the  digestive 
processes,  and  it  ■will  be  noticed  that  they  all  act  by  hydrolysit  — 
that  is,  they  cause  the  molecnies  of  the  substance  to  undei]go  de-  A  ^^- 
t composition  or  cleavage  by  a  reaction  with  water.  ThtiB,  in  the 
conversion  of  nialtose  to  dextrose  by  the  action  of  maltase  the  re- 
action may  be  expnased  so: 

C«H„0„  +  H,0  =  C,H„0,  +  C,H«0^ 

MoJloee.  Dextrose.        Dextrose. 

And  the  hydrolysis  of  the  neutral  fats  by  lipase  may  be  expressed 
so: 

C»Ii(Ci»H„(>^,  +  3H,0  =  C,H»(t>H),  +  3(C„H„OJ. 
TiruiteariD.  Glyc«rin.  St«mric  acio. 

General  Properties  of  Enzymea. — The  specific  reactions  of  '^ 
various  enzyjnes  of  the  body  are  referred  to  under  sejiarate  he^'*' 
The  following  general  characteristics  may  Ije  noted  briefly: 

Solnbilily. — ^Most  of  the  enzymes  are  soluble  in  water  or 
solutions,  or  in  glycerin.    By  these  means  they  may  be  extnK^^ 
conveniently  from  the  various  tissues.     In  some  cases,  however,  «^ 
simple  methods  do  not  suffice,  particularly  for  the  endo-enzyr 
the  enzyme  is  either  insoluble  or  is  destroyed  in  the  process  of  •  ^ 

traction,  and  to  prove  its  presence  pieces  of  the  tissue  or  tJie  ly---^ 
pressed  from  the  tissue  must  be  employed.  t^t\, 

Tempernlurc. — The  body  enzymes  are  characterized  by  the  f*^^  ^^ 


ev 


that  they  are  ilestroyetl  by  high  tejiiperatures  {60**  C.  to  80**  C.) 


^ijeS- 


that  their  effect  is  retarded  in  part  or  entirely  by  low  temperatur^^^^^. 
Moet  of  them  show  an  optimum  activity  at  teniperaturee  approi*^^-^'^ 
mating  that  of  the  Ixdy.  -^aoS 

PrecipiUition.— The  enzymes  are  precipitateti  from  their  solutic^'^^.. 
in  part  at  least  by  excess  of  alcohol.    This  precipitation  is  fnequeu  ^^^^^ J. 
used  in  obtaining  purified  specimens  of  enzymes.    The  enz>Tn<^^^  ■ ' 
moreover,  show  an  interesting  tendency  to  be  carried  down  mecha—^^  .^ 
caUv   by   flot'C\i.\eiil  precxpilaVes  \>To<\wt'eA  vn.  their  solutions. 
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otein  present  in  the  solution  is  precipitatt'd,  for  instance,  the 
zymes  may  be  carried  down  witli  it  in  part. 
Incomplekne^s  of  their  Action. — In  any  pven  mixture  of  a  sub- 
stance and  its  enzyme  the  action  of  the  latter  is  usually  not  com- 
plete,— that  is,  all  of  the  substance  does  not  disappear.  An  explana- 
tion for  this  fact  has  l)een  found  in  the  reversibility  of  the  action  of 
the  enzyme.  If  the  reaction  proceeds  in  both  directions,  then 
evidently  under  fixed  conditions  a  final  ecjuilibrium  will  be  reached 
in  which  no  further  apparent  chanfjc  takers  place,  although  in  reality 
the  condition  is  not  one  of  rest,  but  of  i>alance  between  opposing 
pnxresses  proceeding  at  a  definit'e  rate.  Within  the  body  itself, 
on  the  contrary,  the  action  of  an  enzyme  mu>'  be  complete,  since  the 
products  are  removed  by  absorption  and  the  possibility  of  a  re- 
versed reaction   is  removed. 

I  Active  and  Inactive  Form. — In  many  cases  it  can  be  shown 
that  the  enzyme  exists  within  the  cell  producing  it  in  an  inactive 
form  or  even  when  secreted  it  may  still  be  inactive.  This 
antecedent  or  inactive  stage  ia  usually  designated  as  zymogen 
or  proferment.  The  zymogen  may  be  stored  in  the  cell  in  the 
form  of  granules  which  are  cunverteil  into  active  enz.ynie  at  the 
moment  of  secretion,  or  it  may  be  secreted  in  inactive  form  and 
jequire  the  co-operation  of  some  other  suijstance  before  it  is 
pable  of  effecting  its  normal  reaction.  In  such  cases  the 
second  substance  is  said  to  activate  the  enzyme.  In  connection 
with  the  process  of  activation  various  terms  have  been  employed 
dt'-signatc  the  substance  responsible  for  the  activation.  Accord- 
g  to  a  recent  classification*  it  has  been  suggested  that  inorganic 
bstances  causing  activation  shall  be  designated  simply  as  acti- 
■«>  while  organic  substances  playing  a. similar  role  shall  be  named 
inaseJi.  .\n  example  of  the  latter  is  found  in  the  ease  of  the  entero- 
kina.se  whicli  activates  the  trypsin  of  the  pancreatic  secretion. 

Coemytties  or  Cofermenls. — In  addition  to  the  process  of  ac- 
ivation  it  would  seem  tfiat  in  some  ca-ses  thi'  action  of  an  enzyme 
facilitated  by,  or  perha[>s  is  evt'n  dept'ndent  upon  the  presence 
f  some  other  substance.  Perhajis  the  best  exam[iie  of  this  coni- 
ined  activity  is  furnished  by  the  influence  of  bile  salts  upon 
ipa.se  (p.  786).  These  ca.ses  of  coactivity  are  to  Ije  distinguished 
m  activation  by  the  fart  that  the-  eomliination  may  be  easily 
ade  or  unmaile,  that  is  tft  say.  it  efuistitutes  a  reversible  reac- 
lon.  In  a  mixture  of  bile  salts  an<l  lipase,  for  example,  the  bile 
salts  may  lie  removed  by  dialysis.  In'aetivation,  on  the  contrary, 
we  have  an  irreversible  reaction  the  active  trypsin  cannot  \m' 
changed  to  the  inactive  trypsinogen.f 

*  Sftinuely  in  "  Huinlbufh  iUt  Hiorbr'tnlf,"  i.,  ItJOS. 

t  Consiili  Bityli«s,  "The  .\u(un'  of  lOiixj-rne  Action"  (wricH  of  nionDgraphs 
on  Biorhemijrtrv),  London,  I'.Kls. 
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PARTIAL  LIST  OF  THE  ENZYMES  CONCERNED  IN  THE  PROO 
ESSES  OF  DIGESTION  AND  NUTRITION. 


I 


1 

I 

n 

a 


'  Ptyalin       (eaJi- 
vary  diastase. 
Amylase 
(panwcatio 
dlastaae). 
Livef    diastase. 

Muscle  diastftse, 

Tavertaa& 

Mttltaflo. 


Lactase. 

Glycolytic  1 


I 


Pepsin. 

TryiMtn, 

Erepda. 

Group  of  auio- 
lytic  Btuymea. 

Nuclease, 
Guanase. 


Adenase. 
Oxidases. 

Catalase. 
Arginase 


Salivaiy  secretion. 

Pancreatic  secre- 
lioQ. 

liver. 

Muscles. 

Small    intestine. 

Small  int^estinc, 
salivary  sod 
ptincrcatic  se- 
cretion. 

8iuall  inteitiiie. 

Musctea? 

Pancrrcatic  secre- 
tion, fat  tiaiues, 
blood,  etc. 

Qafitric  juice. 

Pancreatic  juice. 


Small  intestine. 
Tiffiues  generally, 


Pancreas,      spleen, 
thymus,  etc. 

Thymus,   adrenals, 
pancreas. 


Spleen,  pancreas, 
liver. 


Lungs,  liver,  mus- 
cle, etc. 


Many  tissues. 
Liver,  spleen. 


Actio  w. 

Converts  starvb  to  sug« 

^maltoae). 
Converts  starch  to  sugu 
(maltotK), 

Converts  glyc^^poo  to  dex- 
troBc. 

O^nverts  glyoogea  to  dtx 
tttNe. 

Converts  caoe-du^gar  to 
dextrose  and  levidosp. 

Converts  malto«e  to  dex- 
trose. 


Converts  lactoai  to  do* 
trose   and  galaclon. 

Splits  atid  oxidises  dex- 
trose. 

Splits  neutral  fats  to  fatty 
acids  and  glycerin. 

Con\*ert3  ppoteina  to  pep* 
tones  suid  proteoses. 

Splits  proteins  into  am- 
pler   eiystalline    prod* 

UCtA. 

Splits  peptones  talo  »in- 
pler  producl*. 

Spbts  prntfins  into  nitroit- 
onous  bajses  and  anuo^' 
bodies. 

Splits  nuciejc  arid  witli  for- 
mation of  purin 
etc. 

Converts  guanin  to 
thin  by  splitting  off 
NU,  group  as 
(N^J. 

Converts  adenin  to 
xanthin  by  splitting 
an  NH,  group  as 
monia  (Nu^. 

Cause  oxidation  of  oi 
ie  substances,  as  in 
conversion  of  hypo: 
thin  to  xanthin  and 
xanthin  to  uric  acid. 

Decomposes       hyi 
peroxid. 

Spiita  arginin  with 
duction    of 
omithin     (i 
eiianic  add). 


J 
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Chemical  Composition  of  the  Enzymes.— It  was  formerly 
believed  that  the  enzymes  belong  to  the  group  of  proteins.  They 
are  formed  from  living  matter,  and  their  solutions  as  usually 
prepared  give  protein  reactions.  Increased  study,  however,  has 
made  this  belief  uncertain.  The  enzymes  cling  to  the  proteins 
when  precipitated,  and  it  seems  possible  that  the  protein  reac- 
tions of  their  solutions  may  be  due,  therefore,  to  an  incomplete 
purification.  In  fact,  it  is  stated  that  solutions  of  some  of  the 
enzymes  may  be  prepared  which  show  ferment  activity,  but 
give  no  protein  reactions.  In  this  group  may  be  included  the 
lipase,  diastase,  invertase,  pepsin,  oxidase,  and  catalase.  Appar- 
ently, however,  all  enzymes  contain  nitrogen  and  most  of  them 
also  sulphur.  They  probably  also  contain  some  ash,  especially 
calcium.  Much  of  the  older  work  upon  the  composition  of 
supposedly  purified  preparations  of  enzymes  is  not  accepted 
to-day,  on  the  ground  that  the  evidence  for  the  purity  of  the 
preparations  is  insufficient.  In  spite,  however,  of  the  very  great 
aniount  of  attention  that  has  been  paid  to  these  substances  in 
recent  years,  there  is  at  present  no  agreement  as  to  their  chemical 
structure.  The  statement  made  above  that  they  are  organic 
substances,  derived  from  proteins  and  of  a  colloidal  nature,  is 
perhaps  as  much  as  can  be  said  positively  in  regard  to  their 
chemical  structure.  As  a  rule,  they  are  destroyed  by  moderately 
high  temperatures  (80°  C.  or  below),  they  are  not  easily  diffusible 
through  parchment  membranes,  and,  like  the  proteins,  are  "  salted 
out  "  by  certain  concentrations  of  neutral  salts. 
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CHAPTER  XLI. 


THE  SALIVARY  GLANDS  AND  THEIR  DIGESTIVIS 
ACTION. 

The  iirst  of  the  secretions  with  whicii  the  food  comes  into  coatarl 
is  the  sahva.     This  is  a  mixed  secrelioii  from  the  large  salivan-  gLaac^ 
and  the  small  unnamed  mucous  and  serous  glands  that  open  into  the 
mouth  cavity. 

The  Salivary  Glands. — The  salivar}'  glands  in  man  are  three 
in  number  on  each  side — the  jjarotid,  the  submaxillarj',  and 
the  subungual.  The  parotid  gland  ronununicates  with  the  mouth 
by  a  lai^e  duct  (Stenaon's  duct)  which  operLs  upon  the  inner 
surface  of  the  cheek  opjxtsite  the  second  molar  tooth  of  the  upper 
jaw.  The  submaxillary  gland  lies  below  the  lower  jaw,  and  its 
duct  (Wharton's  duct)  opens  into  the  mouth  cavity  at  the  aide  of 
the  f  remmi  of  the  tongue.  The  sublingual  gland  lies  in  the  floor  of  tlie 
mouth  t^)  the  side  of  the  frenum  and  oiiens  into  the  mouth  cavity  by 
a  number  (eight  to  twenty)  of  small  ducts,  known  as  the  ducts  of 
Kivinus.  One  larger  duct  that  runs  (jarallel  with  the  duct  of  Whar- 
ton and  opens  separately'  into  the  mouth  cavity  is  sometimes  presen*- 
in  man.  It  is  known  lis  the  duct  of  Bartholin  and  twciirs  normally  in 
the  dog. 

The  (.■tturse  of  the  nerve  fi!>ers  supplying  the  lai^^e  salivan.'  glan*^-^ 
is  interesting  in  view  of  the  physiological  results  of  their  stimulation^* 
The  description  here  given  applies  especially  to  their  arrangeni^**^ 
in  the  dog.    These  glands  receive  their  nerve  supply  from  two  gen^**! 
sources, — namely,  the  bulbar  autonomics    (or  cerebral  fibers)   *^ 
the  aympathetif  autonomics.     The  i>arotid  gland  receives  its  bi*^"*^^ 
autonomic  fibers  from  the  glossopharyngeal  or  ninth  cranial  ne?^^'^' 
they  pass  into    a  hmnnh    (if    this  nerve  kiicnvn  as  the   tymj^"^^'  J 
branch  or  nerve  of   Jacobson,  thence  t-t)  the  small  superficial        ^1 
trosal  nerve,  through  which  they  reach  the  otic  ganglion.    From        ^ 
ganglion  they  jrnss  (|K)Htganglioni<'   fibers)   by  way  of  the  &\i^^^'^^, 
lot«mporal    l>ranch  of  the  inferior  maxillary  division  of   the    '     ^ . 
cranial  nerve  to  ttit-  parotid  glund  (Fig.  288).      The  s>-mpatt''"'^^^!* 
autonomics  |>a.ss  to  the  Huj>erior  cervical  ganglion  by  way  of 
cervical  sympathetic  (Fig;  112)  and  thence  as  postganglionic  6-—-=-°^ 
in  branches  which  accompany  the  arteries  distributed  to  the  gl 
The  bulbar  autonomic  supply  for  the  submaxillary'  and  subli 
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^t&zids  arises  from  the  brain  in  the  facial  nerve  and  passes  out  in  the 
<^honla  tympani  branch  (Fig.  289)  •  This  latter  nerve,  after  emerging 
'^^na  the  tympanic  cavity  throiigh  the  Glaserian  fissure,  joins  the 


FiC.  28a — Bchematie  ivprea«nt«t4on  of  the  oourse  <A  the  cerebml  fibers  to  the  parotid  gUnd. 


hngual  ner\'e.  After  ninning  ivith  this  nerve  for  a  short  distance, 
the  secretor>'  (and  vasodilator)  nerve  fibers  destinetl  for  the  sub- 
maxiUaty  and  sublingual  glands  branch  oJT  and  pass  to  the  glands. 


iTtfaitfMaiiiltnf 


Amttkts 


npr«eenlatinn  iif  the  cour»e  of  the  eborda  tympani  nerve  to  the 

.Hubtna-xillary  fclnrid. 


following  the  course  of  the  ducts.  Where  the  chorda  tympani  fibers 
leave  the  lingual  there  is  a  small  ganglion  which  has  received  the 
name  of  submaxillary  ganglion.    The  nerve  fibers  to  the  glands 
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pass  close  to  this  ganglion,  but  Langley  has  showTi  that  only  those 
destinefl  for  the  sublingual  gland  realty  connect  with  the  nen'e 
cells  of  the  ganglion,  anfl  he  suggests,  therefore,  that  it  should 
l)e  called  the  sublingual  instead  of  the  submaxillar)"  ganglion.  The 
nerN'e  fibers  for  the  submaxillar^  gland  make  connections  with  nerve 
cells  lying  mainly  within  the  hihis  of  the  gland  itself.  The  siipj^ 
of  symjmthetic  autonomics  has  the  same  general  course  as  those 
for  the  parotid. — namely,  through  the  cerv'ical  sympathetic  to  the 
superior  cervical  ganglion  and  thence  to  the  gland-s. 

Histological  Structure. — The  salivarj'  glands  belong  to  the  type 
of  comjjounil  tubular  glands.  That  is,  the  secreting  portions  are 
tubular  in  shape,  although  in  cross-sections  these  tubes  may  pre- 
sent various  outlines  aceonling  as  the  plane  (»f  the  section  paesos 
through  them.  The  parotid  is  described  usually  as  a  typical  serous 
or  albimiinous  gland.  Its  secreting  epithelium  is  composed  of  cells 
which  in  the  fresh  conilition  as  well  as  in  preser\'etl  8i)ecunens  contain 
numerous  fine  granules  and  its  secretion  contains  s<jme  albuniin. 
The  subniaxillari'  gland  differs  in  liisto!og\-  in  different  animsle. 
In  some,  as  the  dog  or  cat,  the  secretory  tubes  are  composed  chiefly 
or  exclusively  of  epithelial  cells  of  the  mucous  type.  In  man  the 
gland  ia  of  a  mixed  type,  the  secretory  tubes  containing  both  imicous 
and  albiiminou.s  cells.  The  sublingual  gland  in  man  also  contaios 
lx)th  varieties  of  cells,  although  the  raucous  cells  predominate.  In 
accorrlance  with  these  histological  characteristics  it  is  found  that  the 
secretion  from  the  sul)niaxillar\-  and  sublingual  glands  is  tiiick  and 
mucilaginous  as  compared  with  that  from  the  parotid. 

In  the  iiiuroiLs  glands  another  variety  of  celJ,  tiie  so-called  demihllMil 
crescent  celLs,  b*  fre(|iiently  !net  witii,  tuul  the  phyHiolofpoal  significaaM ' 
thene  oelU  has  Iwen  the  subjec-t  of  much  ilL^cus^ion.  lite  (ieiuiliiii<«)  am 
rrcHceiit-shapied,  granular  relLs  l^'ing  between  the  muroiis  i-ollx  atui  ttie  bair* 
ment  metnbnuie,  and  not  in  ronturt,  therefore,  with  the  cpntral  luoMB  <d 
ilie  tiitx*.  Aronniing  to  lleiiJenhain,  tlie^e  tlomilunes  are  for  the  purpcM 
of  repUring  the  nnicous  cell^.  In  conaei^uencc  of  long-contintied  artiVilT 
the  nuK-iiiix  celb*  may  disintegrate  and  duxappear,  and  the  dcDiiiutios  Ifafea 
develop  idtn  new  mucoua  cells.  Another  view  is  that  the  demilunes  refnvwDt 
di»tinrt  sc«-ret.ory  cells  of  the  alhuniinoiLs  type,  while  otlicrs  aesert  that  they 
are  a  B|ie<iht'  type  of  cell  with  probably  ti|iei'ific  funi-tionH* 

ITie  salivark'  glands  possess  definite  6eoretor\-  nerves  which 

stimidated  cause  the  formation  of  a  secretion.    This  fact  indicates 

that  there  must  lie  a  direct  contact  of  some  kind  U-tween  the  gland 

cells  and  the  terminations  of  t  he  secretorj-  fibers.    The  ending  of  tfat 

nerve  fibers  in  the  submaxillarA'  and  sublingtial  glands  has  been 

•erihed  by  a  nimiber  of  ol>servers.t   The  accounts  differ  eomewliatl 

to  details  of  the  finer  anatomy,  btd  it  seems  to  be  cleariy  estAbHshed 

that  the  serretoiy-  fibers  from  the  chorda  tympani  end  firet  Around  tl» 

•  Soe  Noll.  "  Archiv  f.  Fhysiologie,"  1002,  suppl.  vcJume.  Iflfl. 
t  Hew  Ilubcr,  "Journal  of'Ebcperimental  Medicine,"  1,  381,  IftM. 
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mtrinsic  nerve  ganglion  cells  of  the  glands  (preganglionic  fibers),  and 
from  these  latter  cells  axons  (postganglionic  fibers)  are  distributed 

the  secreting  ceils,  passiing  to  these  cells  along  the  ducts.  The 
nerve  fiix^rs  terminate  in  a  plexns  ii]x)n  the  membrana  propria  of  the 
alveoli,  and  from  tiiis  plexus  fine  fibrils  pass  inwanl  to  end  on  and 
between  the  secreting  cells.  It  would  seem  from  these  observations 
tliat  the  nerve  fibriis  do  not  penetrate  or  fuse  with  the  gland  cells, 
as  was  formerly  supposed,  but  forni  a  terminal  network  in  contact 
with  the  cells,  following  thus  the  general  schema  for  the  connection 
between  nerve  filjers  and  peripheral  tissues. 

Composition  of  the  Secretion . — The  saliva  as  it  is  found  in  the 
mouth  is  a  colorless  or  opalescent,  turbid,  and  viscid  liquid  of 
weakly  alkaline  reaction  to  litmus  i>uppr,  and  a  specific  gravity  of 
about  1.003.  It  may  contain  numerous  flat  cells  derived  from  the 
epithelium  of  the  mouth,  and  the  peculiar  splrerical  cells  known  as 
salivary  corpuscles,  which  seem  to  be  alteretl  leucocytes.  The 
important  constituents  of  the  secretion  are  mucin,  a  diastatic  en- 
zyme known  as  ptyalin,  maltase,  traces  of  protein  and  of  potassium 
sulphocyanid,  and  inorganic  salts,  such  as  potassium  and  sodium 
chlorid,  potassium  sulphatcj  .sodium  carbonate,  and  calcium  car- 
bonate and  phosphate.  The  carbonates  are  particularly  abundant 
in  the  saliva,  and  the  secretion  in  addition  contains  much  carbon 
dioxid  in  solution.  Thus,  Pfliiger  found  that  65  volumes  per  cent. 
of  CO,  might  be  obtained  from  the  saliva,  of  which  42.5  per  cent, 
was  in  the  form  of  carbonates.  The  amount  of  CO,  in  solution 
and  combined  is  an  indication  of  the  active  chemical  changes  in 
the  gland. 

Of  the  organic  constituents  of  the  saliva  the  protein  exists  in 
small  and  variable  quantities,  and  its  exact  nature  is  not  determined. 
The  mucin  gives  to  the  saliva  its  ropy,  mucilaginous  character. 
This  substance  belongs  to  the  group  of  combined  proteins,  glyco- 
proteins (see  Appendix),  consisting  of  a  protein  combined  with  a 
earbohydrate  group.  The  mo.st  interesting  constituent  of  the  mixed 
saliva  is  the  ptyalin  or  salivary  dia.stase.  This  body  belongs  to  the 
group  of  enzymes  or  unorganized  ferments,  whose  general  properties 
have  been  described.  In  some  animals  (dog)  ptyalin  seems  to  be 
normally  absent  from  the  fresli  .saliva. 

The  secretions  of  the  parotid  and  the  srdimaxillan'  glands  can  be 
btained  separately  by  in.serting  a  cannula  into  the  openings  of  the 
ducts  in  the  mouth,  or,  according  to  the  method  of  Pawlow,  by  trana- 
rring  the  end  of  the  duct  so  that  it  opens  upon  the  skin  instead  of 
in  the  mouth,  making  thus  a  salivary-  fistula.  The  secretion  of  the 
sublingual  can  only  be  obtaineci  in  sufficient  quantities  for  analysis 
from  the  lower  animals.  Examination  of  the  separate  secretions 
shows  that  the  main  difference  lies  in  the  fact  that  the  parotid  saliva 
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eontairtK  nu  mucin.  wliilt>  that  of  the  wuhinaxillarv'  and  ospt*cialiy 
the  sublingual  gland  is  ricli  in  mucin.  The  parotid  saliva  of  man 
seems  to  he  particularly  rich  in  ptyalin  as  compared  with  that  of  {he 
submaxillary. 

The  Secretory  Nerves. — The  existence  of  eecreton'  nerves  to  the 
8alivar>'  glands  w:is  dist'<j%'ered  by  Ludwig  in  1851.  The  discoven*  a 
particularly  interesting  in  that  it  marks  the  Ixsginning  of  our  knowl- 
edge of  this  kind  of  iier\'e  fiber.     Ludwig  found  that  stimulation  of 
the  chorda  tympaiii  ner\'e  causes  a  flow  of  saliva  from  the  subxuaxil- 
lary'  gland.    He  established  tdm  several  important  facts  witb  regard 
to  the  pressure  and  comixjsition  of  the  secretion  which  will  be  referred 
to  presenth'.  It  was  afterward  shown  that  the  8alivar>^  glands  recdv* 
a  double  nerve  supply, — in  fmrt  by  way  of  the  cervical  sympathetic 
and  in  part,  through  cerebral  nerves.      It  was  discovered  aJso  that 
not  only  are  secretorv'  fillers  carried  to  the  glands  by  these  paths, 
but  that   vasomotor   fillers  are   contained    in   the   same    uervts, 
and  the  arrangement  of  these  latter  til)ers  is  such  tliat  the  cerebral 
nerves  contain  vasodilator  filjers  tliat  cause  a  dilatation  of  the  amaO 
arteries  in  the  glands  and  an  accelerated  blood-flow,  while  the  {sym- 
pathetic carries  vasoconstrictor  fillers-  whose  stinmlation  causes  a 
constriction  of  the  small  arteries  and  a  diminished  bloo<.l-flo»'.    Tlie 
effect  of  stimulating  these  two  sets  of  fibers  is  found  to  var>'  somewhat 
in  different  animals.    For  purposes  of  description  we  may  confine 
oureelves  to  the  effects  obsen'wi  on  dogs,  since  much  of  our  funda* 
mental  knowledge  upon  the  subject  is  derived  from  Heidenhain's* 
experiments  upon  this  anunal.    If  the  chorda  tympani  nerve  ii 
stimulate<l  by  weak  induction  shocks,  the  gland  Ijegins  to  secrete 
promptly,  and  the  stn-retion,  by  proper  regulation  of  the  stimulation, 
may  be  kept  up  f«)r  liotjrs.    The  secretion  thus  obtaine<l  i.s  thin  nnti 
watery,  flows  freely,  is  abundant  in  amount,  and  contains  not  rnott 
than  1  or  2  per  cent,  of  total  solids.     At  the  same  time  there  is  an 
increased  flow  of  bUxxJ  tlirough  the  gland.    The  whole  gland  takei 
on  a  redder  hue,  the  veiiis  are  di.stendod.  and  if  cut  the  blood  thai 
flows  from  tbem  is  of  a  re«lder  color  than  in  the  resting  gland, 
may  show  a  distinct  pulse — all  of  wliich  points  to  a  dilatation  o( 
exn&U  arteries.     If  now  the  sympathetic  fibers  are  stimulated,  quite 
different  results  are  obtained.    I'hc  secretion  is  relatively  small  to 
amount,  flows  slowly,  is  thick  and  turbid,  and  may  contain  as  mueb 
M  6  i>er  cent,  of  total  solids.     .\t  the  same  time  the  glanrl  hewmmt 
pale,  and  if  the  ^'eins  be  cut  the  flow  from  Uiem  is  slower  than  is 
the  renting  gland,   thus   indicating  that  a  vaaooonstrirtiiin 
nccurretl. 

The  increased  vascular  supply  to  the  gland  accompanyii^ 

•"Pfluirer'i«  ,\rchiv  fur  di«  ceciamtnte  P)i\-nologie/'  17,  I,  1878;  ■!»• 
k  Herauuin'H  "  Haiidburh  dcr  Pliystologie, "  \9S3,  vol.  v,  part  i. 
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abundant  flow  of  "chonla  saliva"  and  the  diminished  flow  of  blood 
during  the  scanty  secretion  of  "  sympathetic  saliva  "  suggest  naturally 
the  idea  that  the  whole  process  of  secretion  may  be,  at  Ixtttom,  a 
vasomotor  phenomenon,  the  amount  of  secretion  depending  only  on 
the  quantity  and  pressure  of  the  blood  flowing  through  the  gland. 
It  has  been  shown  conclusive!}'  that  this  idea  is  emineous  and  that 
definite  secretor>-  fibers  e>dst.  The  following  facts  may  l>e  quoted 
in  support  of  this  statement:  (1)  L\idwig  showetl  that  if  a  mercur>' 
manometer  is  connectetl  with  the  duct  of  the  submaxillary  gland  and 
the  chorda  is  then  stimulated  for  a  certain  time,  the  pressure  in  the 
duct  may  become  greater  than  the  blood-pressure  in  the  gland, 
'J'his  fact  shows  that  the  secretion  is  not  derived  entirely  by  pnK-esses 
of  filtration  from  the  blood.  (2)  If  the  IjlfKnl-flow  be  shut  off 
completely  from  the  gland,  stimulation  of  the  chorda  still  gives  a 
secretion  for  a  short  time.  (3)  If  atropin  is  injected  into  the  gland, 
stunulation  of  tlie  chortia  causes  vascular  dilatation,  but  no 
secretion.  This  may  lie  explained  by  supposing  that  the  atropin 
paralyze-s  the  secretory,  but  not  the  dilator  fibers.  {41  Hydro- 
chlorate  of  quinin  injected  into  the  gland  causes  vascular  dilatation, 
but  no  secretion.  In  this  case  the  secmtorj^  fibera  are  still  irritable, 
since  stimulation  of  the  chorda  gives  the  usual  secretion. 

A  still  more  marked  diff'erenoe  between  the  eflfe<-t  of  stimulation 

of  the  cerebral  and  the  symp4ithetir  fibers  may  be  observetl  in  the 

of  the  parotid  gland  in  the  dog.     Stimulation  of  the  cerebral 

Ibers,  in  any  part  of  their  course,  .gives  an  abundant,  thin,  and 

ratery  saliva,  poor  in  solid  constituents.     Stimulation  of  the  sym- 

"■pathetic  fibers  alone  (provided  the  cerebral  filiei-s  have  not  been 

stinudated  shortly  before  and  the  tympanic  nerve  has  Ijeen  cut  to 

prevent  a  reflex  effect)  gives  usually  no  j>erceptible  secretion  at  all. 

^_3ut  in  tins  last  stimulation  a  marked  effect  is  pniduced  upon  the 

^Hland,  in  spite  of  the  absence  r>f  a  visible  !?ecretion.     This  is  shown  by 

^^pie  fact  that  suljsefiuent  or  sinuiltane<ius  sturuilation  of  the  cerebral 

^Bbers  causes  a  secretion  ver\'^  unUke  that  gi\en  by  the  cerebral  fibers 

alone,  in  that  it  is  ver>'  rich  indeed  in  organic  constituents.    The 

amount  of  organic  matter  in  the  secretion  may  be  tenfold  that  of  the 

saliva  obtained  by  stimulation  of  the  cerebral  fibers  alone. 

Rdntion  of  (ke  Comjiosttloii  of  the  Secretion  to  the  Strengtii  of  Stimti- 
lalion.- — If  the  stimulus  to  the  chorda  is  gradually  increased  in 
strength,  care  being  taken  not  to  fatigue  the  gland,  the  chemical 
I  composition  of  the  secretion  is  found  to  change  with  regard  to  the 
I  relative  amounts  of  the  water,  the  salts,  an<l  the  organic  material. 
The  water  antl  the  salts  increase  in  amount  with  the  increascil 
strength  of  stimulus  up  to  a  certain  maximal  limit,  which  for  the 
salta  is  about  0.77  per  cent.  It  is  important  to  observe  that  this 
effect  may  be  obtained  from  a  perfectly  fresh  gland  as  well  as  from  a 
land  which  had  pn.'%i«»usly  been  secreting  actively.     With  regard 
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to  the  organic  constituents  the  precise  result  obtained  depends  ou 
the  condition  of  the  gland.  If  previous  to  the  stimulation  the  gland 
was  in  a  resting  condition  and  unfatigued,  then  increased  strength 
of  stimulation  is  followed  at  first  by  a  rise  in  the  jjercentage  of  organic 
constituents,  and  this  rise  in  the  beginning  is  more  marked  thwi  ia 
the  case  of  the  salts.  But  with  continued  stimulation  the  increase 
in  organic  material  soon  ceases,  and  finally  the  amount  begins  actually 
to  diminish,  and  may  fall  to  a  low  point  in  spite  of  the  strong 
Btinudatian.  On  the  other  hand,  if  the  gland  at  the  beginning  of  tiie 
exi>eruTient  had  been  previously  worked  to  a  considerable  extent, 
then  an  increase  in  the  stimulating  current,  wliile  it  augments  the 
amoimt  of  water  and  salts,  either  may  have  no  effect  at  all  upon  the 
organic  constituents  or  may  cause  only  a  temporary'  increase,  quickly 
followed  by  a  fall.  Siniilar  results  may  be  obtained  from  stimulation  ' 
of  the  cerei^ral  nerves  of  the  parotid  gland.  The  above  facta  lei 
Heiilenhain  to  believe  that  the  conditions  determining  the  secretion 
of  the  organic  material  are  different  from  those  controlling  the  water 
and  salts,  and  he  gave  a  rational  explanation  of  the  differences 
observed,  in  his  theory  of  tropliic  and  secretory  fibers. 

Theory  of  Trophic  and  Secretory  Nerve  Fibers. — This  theon* 
supposes  that  two  physiological  varieties  of  nerve  fibers  are  distrib- 
uted to  the  salivary  glands.    One  of  these  varieties  controls  the 
secretion  of  the  water  and  inorganic  salts  and  its  fibers  may  be  called 
secretory'  fibers  proper,  while  the  other,  to  which  the  name  trophic 
is  given,  causes  the  formation  of  the  organic  constituents  of  the  secre- 
tion, probably  by  a  direct  influence  on  the  metabolism  of  the  cells. 
Were  the  trophic  fil>ers  to  act  alone,  the  organic  products  would  U 
formed  within  the  cell,  but  there  would  be  no  visible  secretion,  w^i 
this  is  the  hypothesis  which  Heidenhain  uses  to  explain  the  resultsol 
the  experiment  described  above  upon  stimulation  of  the  sympathe^"^ 
fibers  to  the  parotid  of  the  dog.     In  this  animal,  apparently,  ^ 
BjTmpathetic  branches  to  the  parotid  contain  exclusi\-ely  or  alrc^"^ 
exclusively  trophic  fil>ers,  while  in  the  cerebral  branches  l)oth  trof*. 
and  secretorj'  filiers  proper  are  present.    The  results  of  stimuli  '*^'1 
of  the  cerebral  and  s)'mpathetic  branches  to  the  submaxillar^'  g^*7 
of  the  same  animal  may  be  explained  in  terms  of  this  theoty*^ 
supposing  that  in  the  latter  nerve  trophic  fibers  preponderate,  .^^ 
in  the  former  the  secretory  fibers  proper. 

It  is  obvious  that  this  anatomical  separation  of  the  tw^o  set::::^ 
fibers  along  the  cerebral  and  sympathetic  patliis  may  be  opec^^ 
mdividual  variations,  and  that  dogs  may  be  found  in  which  the 
pathetic  branches  to  the  parotid  glands  contain  secretory  fi 
proper,  and  therefore  give  some  flow  of  secretion  on  stimula 
These  variations  might  also  be  expected  to  be  more  marked 
animals  of  different  g,roupa  are  compared.    Thus.  Ijangley* 
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that  in  cats  the  sympathetif  .saliva  fi(im  the  sulirnuxillary  glaiiil  is 
feoB  viscid  than  the  t-liorda  saliva, — just  the  revei'se  of  what  occurs 
o  the  dog.  To  apply  Heidenhain's  theory  to  f  his  i-ase  it  is  neceasaiy 
o assume  that  in  the  cut  the  trophic  tiliet-s  niti  chiefiy  in  the  chorda. 
The  way  in  which  the  trophic  fibei-s  act  ha-s  l>een  briefly  indicated. 
liey  may  be  supposed  to  set  up  metalwlic  cliarijfes  in  the  proto- 
IJinii  of  the  celb,  ieadinj^  tu  the  formation  of  certain  definite  prod- 
mB,  siich  as  mucin  or  ptyaUn.  That  such  changes  do  occur  is 
mindantly  shown  by  micnvscopicai  examination  of  the  resting  and 
\xe  active  gland,  the  details  of  which  will  Ijo  ipven  presently.  In 
Bneral,  these  changes  may  be  supposed  to  be  catabolic  in  nature; 
Mil  W$  they  consist  in  a  di.s;i.ssociation  or  breaking  down  of  the 
httplBK  Uving  material,  with  the  hirinatlon  uf  the  simpler  and 
lore  stable  organic  conatituents  of  the  .secretion.  That  these 
lianges  involve  processes  of  oxidation  is  .shown  by  the  fact  that 
uring  activity  the  gland  takes  up  more  oxygen  and  gives  off  more 
U'bon  dioxid.  There  is  evidence  to  show  that  these  gland  cells 
uring  activity  form  fresh  material  from  the  nourishment  supplied 
y  the  biood;  that  is,  that  aruibolic  or  building-up  processes  occur 
long  with  the  catabolic  change.s.  The  latter  are  the  more  obvious, 
od  are  the  changes  which  are  usually  a.s.sociated  with  the  action 
f  the  trophic  nerve  fibers.  It  is  pos.sible,  also,  that  the  anabolic 
r  growth  changes  may  be  under  the  control  of  .separate  fillers, 
jf  which  the  name  anabolic  fibers  would  Iw  appropriate.  Satis- 
kctory  proof  of  the  existence  of  a  separate  set  of  anabolic  fibers  has 
Bt  yet  lieen  furnishe<l. 

The  method  of  actiotj  of  the  secretory  fibers  proper  i.s  difficult  to 
uderstand.  At  present  the  theories  suggested  are  entirely  specula- 
ve.  Experiments  have  shown  that  the  amount  of  water  given 
T  from  the  b!oo<l  during  .secretion  is  somewhat  greater  than  the 
nount  containetl  in  the  stiUva.*  and  there  is  reiuson  to  belie\e  that 
le  difference  Iwtween  the  two  is  acc-ounted  for  by  an  increa.se  in 
le  flow  of  lymph  from  the  gland  during  activity.  A  satisfactory 
cplanation  of  the  causes  leading  to  and  controlling  the  flow  of 
ater  cannot  yet  be  given.  In  a  general  way  it  has  been  assumed 
lat  the  effect  of  the  nerve  impulses  is  to  cause  the  production 
r  substances  within  the  cells  whereljy  their  osmotic  pres.sure 
increased,  and  a  stream  of  water  is  set  up  from  the  blood  in 
le  capillaries  toward  the  gland  cells,  but  it  cannot  be  said  that 
lis  assumption  has  been  sufiported  by  the  experiments  so  far 
lade.f  We  must  limit  ourselves  to  the  more  general  statement 
iiat  the  activity  of  the  cells  themselves  initiates  and  controls 
be  flow  of  water. 

•Barcmft,  " Journal  of  Phy8iolr>gy, "  15KK),  2a,  479. 
t Carlson,  Greer,  and  UechI,  "American  Journal  of  Plivwology,"  19,  360, 
W7. 
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Histological  Changes  During  Activity — The  tells  of  both  the 
albuminous  aiul  mucous  glands  uridergo  distinct  hist^jlogid 
changes  in  consequence  of  prolonged  iictivity,  and  these  changn 
may  be  recognized  both  in  preparations  from  the  fresli  gluiii 
and  in  pre~served  specimens.  In  the  parotid  gland  Heidenhiin 
studied  the  changes  in  stained  sections  after  hardening  m 
alcohol.  In  the  re-sting  gland  the  cells  are  compactly  filled 
with  granules  that  stain  readily  and  are  imbedded  in  a  dear 
ground  substance  that  does  not  stain.  The  nucleus  is  small  and 
more  or  less  irregular  in  outline.  After  stimulation  of  ihf 
tympanic  nerve  the  cells  show  but  little  alteration,  but  stimuls- 
tion  of  the  sympathetic  ])r«)duces  a  markeii  change.  The  celis 
become  smaller,  the  nuclei  more  roundetl,  and  the  granules  more 
closely  packed.     This  bust   appearance  seems,  however,  to  be 
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Fig.  29i). — Parndrf  rIbik!  of  tbo  rabbit  in  n  freah  (tate,  abowinK  portion*  of  th»««w»'" 
ing  tubulen:  A.  In  ii  restini;  condition;  H,  after  aeoratioo  osiued  by  pilooarplB;  C.*^ 
Btrontfer  aecrcliori,  pilrtcarpin  anil  stiinuljition  of  sympathetio;  D,  ut«r  loiif.eflotl«*" 
stimulAtion  of  sytiipathetic. — (Afl«r  Longtey,^ 

due  to  the  hardening  reagents  useti.  A  truer  picture  of  what  occurs 
may  be  obtained  from  a  study  of  sertion.<i  of  the  fresh  gland.  Laif' 
ley,*  who  first  used  this  method,  deseribea  his  results  as  follows" 
When  the  animal  is  in  a  fasting  condition  the  cells  have  a  gnioulaf 
appearance  throughout  their  substance,  the  outlines  of  the  differ^'' 
cells  being  faintly  marked  by  light  lines  (Fig.  290,  A).  When  the 
gland  is  made  to  secrete  hy  gi\ing  the  animal  food,  by  injecting 
pilocarpin,  or  by  stimulating  the  sympathetic  nerves,  the  giaflul* 
begin  to  disappear  from  the  outer  borders  of  the  cells  (Fig.  290,  B), 
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so  that  each  coll  lunv  shuws  mi  onh-r,  clear  btirdcr  and  an  inner 
granuhir  one.  If  tlic  atimuiatinn  is  wmtinued  the  granules  become 
fenrer  in  number  and  are  collected  near  the  lumen  and  the  marjjins 
of  the  cells,  the  dear  zone  increase's  in  extent,  and  the  cells  become 
smaller  (Fig.  290,  C,  D).  Evidently  the  granular  material  is  used 
in  some  way  to  make  the  organic  material  of  the  secretion.  Since  the 
ptyalin  is  a  conspicuous  oi^anic  constituent  of  the  secretion,  it  is 
assumed  that  the  granides  in  the  resting  gland  contain  the  ptyalin, 
or  rather  the  preliminarj-  material  from  which  the  jjtyalin  is  con- 
structed during  the  act  of  secretion.  On  this  latter  assumption  the 
granules  are  fretjuently  spoken  of  as  zymogen  granules.     During  the 

»aet  of  Becretion  two  distinct  processes  seem  to  l>e  going  on  in  the  cell, 
leaving  out  of  consideration,  for  the  moment,  the  secretion  of  the 
water  and  the  mits.     In  the  first  place,  the  zymogen  granules  unrlergo 
a  change  such  that  they  are  forced  or  dis8olve<l  out  of  the  cell,  anti, 
second,  a  constructive  metabolism  or  anabolism  is  set  up,  leading  to 
the  formation  of  new  pro- 
topla.smic  material   from 
the  suL«tnnces  contained 
in  the  bltHjd  and  lymph. 
The  new   material    thus 
^vfomied  i.s  the  clear,  non- 
^Bgruniilar   substance, 
which    appears  first 
toward  the  l>a>*al  sieles  of 
the  cells.     We  may  sup- 
pose that  the  clear  sub- 
stance during  the  resting 
^fc>eriod.<  underpoe.s  metu- 
^DhjIIc  changes,  whether  of 
^Hl  catabolic  or   anabolic 
^"character    can    not     be 

safely  asserted,  leading  to  the  formation  of  new  granules,  and  the 
rells  aiie  again  ready  to  fmni  a  .setTCtion  of  rutriind  rnmixi.sition, 
^Jt  shotdd  l)e  Imrne  in  mind  that  in  the.se  exijerimenis  the  glands 
^krere  stimulated  beyond  normal  limits.  Under  ortlinary  conditions 
^Bhe  cells  ar-e  probably  never  depleted  of  their  granular  m.iterial  to 
^^he  e.xtent  represented  in  the  figures. 

In  the  cells  of  the  munms  glatids  chiinges  equally  marked  may 
observed  after  prolonged  activity.     In  stained  HCttions  of  the 
sting  gland  the  cells  are  large  and  clear  (Fig.  291),  with  flattened 
luclei  placed  well  toward  the  ba.se  of  the  cell.     When  the  fiihiUil  is 
Jade  to  secrete  the  nticlei  become   more  sphericjd  and  lie  more 
)ward   the   mifldle  of  the  cell,  and  the  cells  tliein.selves  lj<M-ome 
listinctly  smaller.     After  prolonged  secietion  the  clianges  become 
lore  marked  (Fig.  292)  and,  according  to  Heidenhain.  some  of  the 


Fie.   291.— Mucous  Kland:  ■ubmaxillary  of  doc:  not* 
ins  afage. 
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FSg.   292 — Muooua    f^and;     RUhmaxillary    ot 
doK  &ft«r  tigbt  hoan'  sUmuUtion  u(   the  ehorda 

tympuii. 


mucous  cells  nmy  breakdown  completely.  According  lo  most  of 
the  later  ol>servers,  however,  the  mucous  cells  do  not  actually  dis- 
integrate, but  fomi  again  new  material  during  the  period  of  rest,  a&  m 
the  case  of  the  goblet  cells  of  the  intestine.  In  the  mucous  as  in  the 
albuminous  cells  observations  upon  pieces  of  the  fresh  glAnd  seen 
to  give  more  reliable  results  than  those  upon  preservcfJ 
Ijangley*  has  shown  that  in  the  fresh  mucous  cells  of  the  sul 
illary  gland  numerous  ]ai;ge  granules  may  be  discovered,  about  135 

to  250  to  a  cell, 
granules  are  companbfej 
those  found  in  the  gol 
cells,  and  may  be  in 
preted  as  consisting  of  mu- 
cin or  some  preparatocy 
material  from  which  mucio 
is  formed.  The  granules 
are  sensitive  to  reagents; 
addition  of  water  causH 
them  to  swell  up  and  dis- 
appear. It  n^y  be  aa* 
siuned  that  this  hap] 
duiing  secretion,  the 
iiles  becoming  converted  to  a  mucin  mass  which  is  extruded  from 
the  cell. 

Action  of  Atropin,  Pilocarpin,  and  Nicotin  upon  the  Secret 
tory  Nerves. — The  action  of  drugs  upon  the  salivary  glands  and 
their  secretions  belongs  properly  to  pharmacology',  but  the  effedi 
of  the  three  dnigs  mentioned  are  so  decided  that  they  have  • 
peculiar  physiological  interest.  Atropin  in  small  doeee  injected 
either  into  the  btooil  or  into  the  gland  duct  prevents  the  action  of 
the  cerebral  autonomic  fillers  (t>'mpanic  nerse  or  chortla  tj-mptni) 
upon  the  glands.  This  effect  may  be  explained  by  assuming  thtt 
the  atropin  paralyzes  the  endings  of  the  cerebral  fillers  in  the  glands 
Tliat  it  does  not  act  directly  upon  the  gland  cells  themBelvei  aeoai 
to  Ix;  assured  by  the  interesting  fact  tliat,  with  doees  aufficiail  tO 
throw  out  entirely  the  secreting  action  of  the  cerebral  fil)ers,  tk 
sympathetic  libers  are  still  elective  when  stin^tilated.  I*i)ocaipD 
has  directly  the  op]X)site  effect  to  atropin.  In  Diininial  doaet  it 
sets  up  a  continuous  secretion  of  sahva,  which  may  lie  explaiood  npoB 
the  BupposiUon  tiiat  it  stimulates  the  endings  of  the  secretory  fifan 
in  the  gland.  Within  certain  limits  these  drugs  antagoniae  €f^ 
otlier, — that  w,  the  effect  of  pilocarpin  may  be  reinovetl  by  the  •ab* 
aequent  application  of  atropin,  and  ticc  i<t«/.  Nicotin,  aecQlifiB|^ 
to  the  ex|x>rim«<nts  of  Lanjiley.f  prevent-s  the  action  of  the) 

•'•  Journal  of  PliVKioloK}'."  10.  433.  18«0. 

t  "Pruo49«<aiiiga  uf  thv  lloynl  Society,"  London,  46,  42S,  IStt. 
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Tien'es,  not  by  affecting  the  gland  cells  or  the  endings  of  the  nerve 
fibers  aroimd  them,  but  by  paralyzing  the  connectioas  between  the 
nen'e  fillers  and  the  ganglion  cells  throTigh  which  the  fibers  pass  on 
I  heir  way  to  the  gland, — that  Is,  the  connection  between  the  pre- 
ganglionic and  ix)stganglionic  filjers.  If,  for  example,  the  superior 
cervical  ganglion  is  i>ainted  with  a  solution  of  nicotin,  stimulation 
of  the  cervical  sympathetic  below  the  gland  gives  no  secretion;  stim- 
ulation, however,  of  the  fibers  in  the  ganglion  or  between  the  ganglion 
and  gland  gives  the  visual  effect.  By  the  use  of  this  drug  Langley  is 
led  to  l^elieve  that  the  cells  of  the  so-called  submaxillarv'  ganglion 
are  really  intercalated  in  the  course  of  the  fibers  to  the  eublingxjal 
gland,  while  the  ner\'e  cells  with  which  the  submaxillary  fibers  make 
connection  are  found  chiefl}'  in  the  hilus  of  the  gland  itself. 

Paralytic  Secretion. — A  remarkable  phenomenon  in  connection 
with  the  salivary  glantis  is  the  so-called  paralytic  secretion.  It  has 
been  known  for  a  long  time  thnt  if  the  chorda  tympani  is  cut  the 
submaxillary  gland  after  a  certiun  time,  one  to  three  days,  begins  to 
secrete  slowly,  and  the  secretion  contimiea  unintemiptedly  for  a  long 
period — as  long,  iierha]>s,  as  several  weeks — and  eventually  the  gland 
itaelf  imdergoe.s  atrophy.  Langley  states  that  section  of  the  chorda 
on  one  side  is  followed  by  a  continuous  secretion  from  the  glands 
on  both  sides;  the  secretion  from  the  gland  of  the  opjKisite  side  he 
designates  as  the  antiparalytic  or  antilytic  secretion.  After  section 
of  the  chorda  the  ner%-e  fil-)er8  peripheral  to  the  section  degenerate, 
the  process  l^eing  completed  within  a  few  tlajs.  These  fillers,  how- 
ever, do  not  run  directly  to  the  gland  cell ;  they  tenninate  in  end 
?rborizations  around  sympathetic  nerve  cells  placed  somewhere  along 
leir  course, — in  the  sublingual  ganglion,  for  instance,  or  within  tlie 
iand  sid)8tance  it-self.  It  is  the  axons  from  these  second  nerve  units 
tliat  end  around  the  secreting  cells.  Jjingley  hjis  accumulated  ^nne 
facts  to  show  that  witliin  the  period  of  contimiance  of  the  paralytic 
secretion  {five  to  six  weeks)  the  fil>ers  of  the  sympathetic  cells  are 
still  irritable  to  stimulation.     He  is  inclined  to  Ijclieve,  therefore,  that 

Khe  continuous  secretion  is  due  to  a  continuous  excitation,  from  some 
ause,  of  the  local  nervous  mechanism  in  the  gland.  A  natural 
xtension  of  this  view  which  ha.s  been  suggested  (Parlow)  is 
hat  normally  the  activity  of  the  sympathetic  cells  or  of  the 
.secreting  cells  is  kept  in  check  by  inhibitory  fibers.  After  section 
of  the  chorda  the  action  of  these  fibers  falls  out  and  the  secre- 
tion continues  until  the  glandular  tissue  undergoes  atrophy.  On 
the  histological  side  it  is  stated*  that  after  section  of  the  chorda 
the  resulting  degenerative  changes  affect  only  the  cytoplasm, 
while  after  the  section  of  the  sympathetic  the  nuclei  of  the  cells 
are  affected,  and,  indeed,  to  some  extent  on  the  sound  as  well  as 
jpn  the  injured  side. 

♦Gerliardt,  "Archiv  f.  die  geiainmte  Physiologie, "  97,  317,  1903. 
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Normal  Mechanism  of  Salivary  Secretion. — Under  norm&l  con- 
ditions the  flow  nf  saliva  from  tlie  salivary  glands  is  the  result  o( 
a  reflex  stimulation  of  the  secretory  nerves.  The  sensory  fibera 
concerned  in  this  reflex  must  be  chiefly  fibers  of  the  glosaophar}ii- 
geal  and  lingual  nerves  supplying  the  mouth  and  tongue.  Sapid 
bodies  and  various  other  chemical  or  mechanical  stimuli  iippliwi 
to  the  tonjB^ie  or  mucous  membrane  of  the  mouth  produce  a 
flow  of  saliva.  The  normjil  flow  during  ma.stication  must 
be  effected  by  a  reflex  of  tbLs  kind,  the  sensorv-  im- 
pulse being  carrie<l  to  a  center  ami  thence  transmitted  through 
the  efferent  nerves  to  the  glands.  It  Ls  found  that  section 
of  the  chorda  prevents  the  refloJ,  in  .spite  of  the  fact  that  the 
sympathetic  fibers  are  still  intact.  Nu  satisfactory  explanation 
of  the  normal  functions  of  the  secretory  filx^rs  in  the  sjTnpethetic 
has  yet  lieen  given.  Various  authors  have  auggeste<l  tlrnt  jxisiilJv 
the  three  large  saUvary  glands  respond  nonnally  to  different  stimuli 
This  view  has  been  supported  by  Pawlnw.  who  report.s  that  in 
the  tlog  at  leiust  the  parotid  and  the  sul>maxillary  may  react  quite 
differently.  Whien  fistulas  were  made  of  the  iUivts  of  these  glands  it 
Was  found  that  the  submaxillary  re^pondeil  readily  to  a  great  num- 
ber of  stimuli,  such  a.s  the  sight  of  food,  chewing  of  meats,  acub,  etf. 
The  parotid,  on  the  contrarj',  seinned  to  react  only  when  dry  food, 
dry  powderetl  meat,  or  bread  was  placetl  in  the  mouth.  Dryness  Id 
this  case  appeared  to  be  the  efficient  .stimulus. 

Pavvlow  lay-H  great  stress  upon  the  adiiptal>i!ity  of  tlie  secretion  of  ali^i 
to  the  t1mra<-ter  of  the  iiiaterial  chewed.  Ur>',  solk!  food  .^itimulates  b  Urp 
flow  of  i<alivn,  sut-h  u.'*  is  iiet-esaary  in  order  to  vhew  it  properly  aiid  to  form  it 
into  a  bolus  for  swaUoxving.  Foods  containing  much  water,  on  tlie  contrwjr, 
excite  but  little  flow  of  saliva.  If  one  places,  a  hojulful  of  clean  stooee » 
the  mouth  of  a  dog  he  nill  move  them  arnumJ  with  lii.s  tongue  for  a  wh* 
and  then  drop  them  front  his  mouth:  but  littte  or  no  salivu  is  swrew. 
Jf  ttie  .<ame  iniilerial  is  given  in  the  form  of  fine  san<i  a  rich  flow  of  !«liv» 
is  produced,  and  llie  necessity  for  the  reflex  Is  evident  in  tliis  cii.se.  ^n(t 
otherwise  the  materia]  could  not  i>e  conveniently  removed  from  the  moutn. 
Such  Hdaptations  inu.st  1>e  regarded  from  the  physiological  point  of  view 
lis  special  reflexes  depending  upon  some  difference  in  tlie  ner^•ous  niecbani!"" 
aet  into  play.* 

Since  the  flow  of  saliva  'la  nonnally  a  definite  reflex,  we  abouW 
expect  a  distinct  salivary  secretion  center.  This  center  has  been 
located  by  physiological  means  in  the  medulla  oblongata;  itsex*P' 
position  is  not  clearly  definetl,  but  jxissibly  it  is  represented  by  tW 
miclei  of  origin  of  the  secretory  fibers  wliich  leave  the  medulla  by 
way  of  the  facial  an<l  glo.ss<ipharj'ngeal  nerves.  (>win>r  to  the  *i*'^ 
connections  of  neri.e  cells  in  the  central  nervous  system,  we  should 
expect  tliis  center  to  l)e  aflfectetl  by  stijnuli  from  various  sourc*. 

♦Sec  Pawlow.  "The  Work  of  tlic  DiKe!<tive  Gl.inds,"  Iranalation  by 
Thompson,  London,  lUO'J;  aJso  "  ErgebniHsc  der  Piiysiologie,"  vol  iii.,  part  1« 
IlKM,  and  "  Archives  \T\t.cm«.i\oa.ales  de  pliysiologie, "  1,  119.  1904. 
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iSa  matter  of  fact,  it  i.s  kmnvn  that  the  center  and  through  it  the 
ds  may  be  called  into  activity  bj-  stimulation  of  the  sensory 
fibere  of  the  sciatic,  splanchnic,  and  particularly  the  vagus  nerves. 
So,  too,  various  p>sychical  acts,  such  as  the  thought  of  savory  f<x>d  and 
the  feeling  of  nausea  preceding  vojnitlng,  may  l>e  accompanied  by  a 
flow  of  saliva,  the  effect  in  this  case  being  due  prnbalily  to  stimula- 
tion of  the  secretion  center  by  nerA'ous  impulses  descending  from  the 
higher  nerve  centers.  Lastly,  the  medullary  center  may  l>e  inhibited 
as  well  as  stimulated.  The  well-known  effect  of  fear,  emiiarTa.ssiJient, 
or  anxiety  in  producing  a  parchetl  throat  ina>'  l>e  explained  in  this 
way  as  due  to  the  inhibitory  action  of  nerve  impulses  arising  in  the 
cerebral  centers. 

Electrical  Changes  in  the  Gland  during  Activity. — It  has  been 
shown  that  the  salivan.'  as  well  as  other  glands  suffer  certain  changes 
in  electrical  potential  during  activity  which  are  comparable  in  a  gen- 
eral way  to  the  ''action  currents"  observed  in  muscles  and  nerves.* 
The  Digestive  Action  of  Saliva — Ptyalin. — I'he  digestive  action 
proper  of  the  saliva  is  limited  to  the  starchy  food.  In  human 
ings  and  most  mammals  the  saliva  contains  an  active  enzyme 
longing  Ui  the  group  of  diasta.ses  and  liesignated  usually  as  ptyalin 
or  salivan'  diasfcii.se.  It  may  be  preimrt^d  in  purified  form  frojn  saliva 
by  precipitation  with  alcohol,  but  its  chemical  nature,  like  that  of  the 
other  enzjTnes,  is  stitl  an  iinstjived  problem,  .Saliva  or  prepanitions 
of  ptyalin  act  readily  upon  lx>iletl  starch,  converting  it  into  sugar 
and  dextrin.  This  action  may  be  demonstrated  ■verj'  readily  by 
holding  a  little  starch  paste  or  starchy  food,  such  as  boiled  potatoes, 
the  mouth  for  a  few  moments.  If  the  solution  is  then  examined  the 
nee  of  sugar  is  readily  shown  by  its  reducing  action  on  solutions 
of  copper  sulphate  (Fehling's  solution).  There  is  no  doubt  that  the 
action  of  ptj'alin  upon  the  starch  is  hydrolytic.  Under  the  influence 
of  the  enzyme  the  starch  molecules  take  up  water  and  undergo 
cleavage  into  simi)ler  molecules.  The  steps  in  the  process  and  the 
6nal  products  luive  been  investigatcil  b}-  a  ver}*  large  number  of 
workers,  but  much  yet  remains  in  tloubt.  The  following  jxjinta 
seem  to  be  determined:  The  end-result  of  the  reaction  is  the 
formation  of  maltose,  a  tlisaccharid,  hax-ing  the  general  formula 
CuHjjO,,,  and  some  form  of  dextrin,  a  non-crystallizable  poty- 
saecharid.  When  the  digestion  is  effected  in  a  vessel  some  dextrose 
,HuO^  may  be  found  among  the  prmiucts,  but  this  is  explained  on 
le  assumption  that  there  is  present  in  the  saliva  some  multase,  an 
ryme  capable  of  splitting  maltose  into  dextrose.  So  far  as  the 
alin  itself  is  concenied,  its  s|X3t;ific  action  is  to  convert  starch  to 
[lose  and  dextrin.     It  seejus  very  certain,  however,  that  a  number 

See  Biedermanu,  "  Electro-physiology,"  translation  by  Welby,  London, 
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of  mt<>rmfdiatc  products  are  formed  consisting  of  a  variet)'  of  dfx- 
trins,  so  that  the  hydrolysis  probably  takes  place  in  succesaiw 
stages.  There  is  little  agreement  as  to  the  exact  nature  of  the  in- 
termediate dextrins.  The  following  facts,  however,  may  be  eaoly 
demonstrated  in  a  salivary  digestion  carried  on  in  a  vessel  aod  ex- 
amined from  limn  >o  lime.  The  starcli  at  first  cives  its  deep-bhie 
reaction  with  iodin;  later,  instead  of  a  lilue,  a  red  reaction  is  obtained 
with  iodin,  and  this  has  been  attributed  to  a  6|Decial  form  of  dextrin, 
erythrodextrin,  so  named  on  account  of  its  red  rejiction.  Still  later 
this  reaction  fails  ami  chemical  examination  shows  the  presence  of 
maltose  and  a  form  of  dextrin  which  gives  no  color  reaction  «"ilh 
iodin  and  is  therefore  named  achroodextrin.  While  the  numlier 
of  intermediate  products  may  be  lai^,  the  main  result  of  the  actioa 
of  the  ptyalin  is  expressed  by  the  following  simple  schema: 


Btarch<??*!!;r^'.     ,  •  ^Maltoee 
^Erythrodextrin<.  .  ^  .  : 


AchroMextrin. 


The  products  fonned  in  this  reaction  are  probably  not  abeoriied 
such.  The  absorption  takes  place  mainly  no  doubt  after  the  food 
reaches  the  small  intestine,  and  we  have  evidence,  as  will  be  stated, 
that  before  absorjvtion  the  maltose  and  the  dextrin  are  acted  upon  by 
the  inverting  enzymes  (maltaae)  and  convertel  into  the  ample 
sugar,  dextrose.  The  ptyalin  digestion  seems  therefore  to  lie  pre* 
parator}',  and  the  combined  action  of  ptyalin  and  maltase  is  neceaaaiy 
to  get  the  starch  into  a  condition  ready  for  nutrition.  By  way  of 
comparison  it  is  interesting  to  rememl>er  that  when  starch  is  ItoUti 
with  dilute  acids  it  is  hydrolyzed  at  once  to  dextrose.  A  qiiesUon  of 
practical  imixtrtance  is  as  to  how  far  salivary  digestion  affects  tbe 
starchy  foods  under  usual  circum.«ttances.  The  chewing  prooMS  in 
the  mouth  thoroughly  mixes  the  foo<l  and  saliva,  or  shotild  do  «, 
but  the  bolus  is  swallowed  much  too  quickly  to  enable  the  enzyme  to 
complete  its  action.  In  the  stomach  the  gastric  juice  Is  sufficiestlj 
acid  to  destroy  the  ptyalin,  and  it  was  therefore  supposed  fonnoly 
that  salivan,'  digestion  is  pron>])tl}-  arr«(ted  on  the  entrance  ot  the 
foot]  into  the  stomach,  and  is  therefore  normally  of  but  UttJe  vtiim 
•6  A  digestive  process.  Our  recent  increase  in  knowledge  re^gftrdiag 
the  conditions  in  the  stomach  (p.  712)  shows,  on  the  contnuy,  tbtl 
some  of  the  food  in  an  ordinary-  meal  may  remain  in  the  hwA 
end  of  the  stonmch  for  an  hour  or  more  unt<^iuche<l  by  the 
secretion.  'Hiere  is  even'  reascjn  to  l^elieve,  therefore,  that 
digestion  may  be  carried  on  in  the  stomach  to  an  important  extnil. 
Conditions  Influencing  the  Action  of  Ptyalin. — TempmvUn^ 
—As  in  the  case  of  the  other  enrv'mes,  ptyalin  is  ver}'  KUBWfltibbl* 
chang(«  of  temperature.  At  O'^  C.  its  activit3'  is  said  to  be  Buspm^kd 
entirely.    The  intensity  of  its  action  increases  ^^nth  incretit 
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mperature  from  this  paint,  and  reaches  its  maximum  at  about 
40**  C.  If  the  temperature  is  raised  much  beyond  this  point,  the 
action  decreases,  and  at  from  65°  to  70°  C.  tlie  enz>Tne  is  destroyed. 

these  latter  points  ptyaliu  dilTers  from  diastase,  the  enzyme  of 
alt.    Diastase  shows  a  maximum  action  at  50°  C.  and  is  destroyed 
at80°C. 

Effect  of  Reaction. — The  normal  reaction  of  saliva  is  slightly 
alkaline  to  litmus.  Chittenden  has  shoA\Ti,  however,  that  ptyalin 
acta  as  well,  or  even  better,  in  a  perfectly  neutral  medium.  A 
strong  alkaline  reaction  retards  ur  prevents  its  action.  The  most 
marked  influence  is  exerted  by  acids.  Free  hydrochloric  acid 
to  the  extent  of  only  0.0O3  per  cent.  (Chittenden)  is  sufficient 
to  practically  .stop  the  amylolytic  action  of  the  enzvTiie,  and  a 
slight  further  increase  in  acidity  not  only  stops  the  action,  but  also 
estroys  the  enzyme. 

Condition  of  Uic  Starch. — It  is  a  well-known  fact  that  the  conver- 
fflon  of  starch  to  sugar  by  enzymes  takes  place  nmch  more  rapidly 
with  cooked  starch — for  exaniple,  starch  paste.  In  the  latter  ma- 
terial sugar  begins  to  appear  in  a  fevv  minutes,  provideii  a  good 

Nine  solution  is  used.  With  starch  in  a  raw  condition,  on  the 
ntrary,  it  may  be  many  minutes,  or  even  several  hours,  before 
gar  can  be  detected.    The  longer  time  required  for  raw  starch  i8 

ily  explained  by  the  fact  that  the  starch  grains  are  surrounded 
by  a  la3'er  of  cellulose  or  cellulose-like  material  that  resists  the  action 
of  ptyalin.  Wlien  ]x)iled,  this  layer  breaks  and  the  starch  in  the 
interior  becomes  exposed.  In  addition,  the  starch  itself  is  changed 
during  the  boiling;  it  takes  up  water,  and  in  this  hydrated  condition 
is  acted  upon  more  rapidly  by  the  ptyalin.  The  practical  value  of 
cooking  vegetable  foods  is  e^adent  from  these  statements. 

Functions  of  the  Saliya. — In  addition  to  the  digestive  action  of 
c  saliva  on  starchy  foods  it  fulfills  other  important  functions.    By 

listening  the  food  it  enables  us  to  reduce  the  material  to  a  consis- 

cy  suitable  for  swallowing  and  for  manipulation  by  the  tongue  and 
other  muscles.  Moreover,  the  presence  of  mucin  serves  doubtless 
as  a  kind  of  lubricator  that  insures  a  smooth  pa.ssage  along  the 
esophageal  canal.  Fimilly  by  dissolving  dr>'  and  solid  food  it  pro- 
vides a  necessary'  step  in  the  process  of  stimulating  the  taste  nerves, 
and,  as  is  described  below,  the  activity  of  the  taste  sensations  may 
play  an  important  part  in  the  secretion  of  the  gastric  juice. 
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CHAPTER  XLH. 

DIGESTION  AND  ABSORPTION  IN  THE  STCMKAOL 

The  muscular  mechanisms  by  means  of  which  the  stomach  is 
charged  with  food  and  in  turn  discharged,  small  portions  at  a  time, 
into  the  duodenum  have  been  described.  The  present  chapter  6eak 
only  with  the  chemical  and  mechanical  changes  in  the  food  during 
its  stay  in  the  stomach  and  the  extent  to  which  the  products  of 
digestion  are  absorbed. 

The  Gastric  Glands. — ^The  tubular  glands  that  permeate  the 
mucous  membrane  of  the  stomach  throughout  its  entire  extent  differ 
in  theu-  histological  structure,  and  therefore  doubtless  in  thdr  secre- 
tion, in  different  parts  of  the  stomach.  Two,  sometimes  three,  kinds 
of  glands  are  distinguished, — ^the  pyloric,  fundic  (and  cardiac). 
Those  in  the  pyloric  part  of  the  stomach  (antrum  pylori)  are  cha^ 
aoterized  chiefly  by  the  fact  that  in  the  secreting  part  of  the  tubule 
only  one  type  of  gland  cell  is  found,  the  chief  or  peptic  cell,  while  in 
the  remainder  of  the  stomach,  but  particulariy  in  the  middle  or 
prepyloric  region  the  glands  (fundic  glands)  are  distinguished  by  the 
presence  of  two  types  of  cells, — the  chief  cells  and  the  so-called  co\tr 
or  border  cells  (Fig.  293) .  The  third  tyj)e,  the  cardiac  glands,  is  found 
around  the  canlia,  but  its  area  of  distribution  varies  in  different 
animals,  and  its  histological  characteristics  are  not  ver>-  definite.* 
There  seems  to  l)e  a  genemi  agreement  that  the  chief  cells  fumkh 
the  digestive  enzymes  of  the  stomach — pepsin  ami  rcnnin — and  the 
cover  cells  the  hydrochloric  acid.  From  a  phj'siological  stamliwint 
it  is  important  to  rememl)er  that  the  cover  cells  arc  massed,  a£  it 
were,  in  the  glands  of  the  middle  or  prepyloric  region  of  the  stomach, 
that  they  are  scanty  in  the  fundus,  and  absent  in  the  pyloric  n^on. 
This  fact  is  indicated  to  the  eye  by  the  deeper  n\\  or  brownish  color 
of  the  mucous  membnme  in  the  prepyloric  portion,  (iriitznerf 
called  eajx!cial  attention  to  this  relation,  and  in  connection  with  the 
tlifferenccM  in  movements  of  these  two  parts  of  the  stomach  he 
suggests  tliat  normally  the  bulk  of  the  food  towanl  the  fundus 
l>ecomes  impregnated  first  with  jx^psin;  then,  as  it  is  slowly  mo^Td 
into  the  prepyloric  region,  the  acid  constituent  is  addtxl.  The 
pyloric  glands  are  said  (Heidenhain)  to  secrete  an  alkaline  liquid 
containing  pepsin,  and,  according  to  Edkins  and  Starline  thev 
foim  a  sulxstance  which  is  i-apable  of  acting  :us  a  t-homical  excitant 

•Sw  Hannc.    •-\nhiv  f.  .Vnatomio."  1<K).5.  1. 

t  GnitziKT,  ■•.\rchiv  f.  tlie  gosammte  Physiologio, "  10().  463.  1905. 
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■to  the  glands  secreting  the  gastric  juice  (gastric  secretin  or  gastric 
honnone).* 

Histological  Changes  in  the  Gastric  Glands  during  Secretion. 

— The  cells  of  the  ga.strip  glands,  especially  the  so-called  cluef  cells, 
show  distinct  changes  as  the  result  of  prolonged  acti\ity.  Upon 
preserved  specimens,  taken  from  dogs  fed  at  interv'ala  of  twenty-four 
hours,  Heiilenhain  found  that  in  the  fasting  condition  the  chief  cells 
were  large  and  clear,  that  during  the  first  six  hours  of  digestion  the 
chief  cel!^  as  well  as  the  border  cells  inoreaseft  in  size,  but  that  in  a 
second  period,  extending  from  the  sixth  to  the  fifteenth  hour,  the 
ief  cells  became  gradually  smaller,  while  the  border  cells  remained 


a 
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Fif.  203.— GUnds  of  the  fundus  (dog):  .4  and  M*,  duriog  huneer.  restinn  oonditkso] 
B,  tlunng  (he  first  at«ce  of  diKSxtion;  C  and  D.  tlie  jteeond  etage  n(  digestion,  showing 
the  diniinutiou  in  the  siie  nf  the  "ctiiof"  or  central  oella.— (Alter  Ueidenhnin.) 


laige  or  even  increased  in  size.    After  the  fifteenth  hour  the  chief 

■Bells  increased  in  size,  gradually  passing  back  to  the  fasting  condition 
<8ee  Fig.  293). 

Langlcy*  has  succeeded  in  following  the  changes  in  a  more  satis- 
factorj'  way  by  obser\'ations  made  directly  upon  the  living  gland, 

•See  Starling,  "Physiolopy  of  Secretion,"  Chicago,  1906,  and  Itklkins, 
Journal  of  PhysioloRy,"  1906,  xxxiv.,   133. 
t  "  Journal  of  Pbysiology  "  3,  269,  1880. 
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He  finds  that  the  chief  cells  in  the  fa-sting  stage  are  charged  wit:li 
granules,  and  that  during  digestion  the  granules  are  dissolved,  di^ 
appearirig;  first  from  the  base  of  the  cell,  which  then  becomes  filled 
with  a  non-granular  material.  Observations  similar  to  those  maci* 
upon  other  glands  demonstnite  that  these  granules  represent  in  a.11 
probability  a  preliminary  material  from  which  the  gastric  enz>in^5« 
are  made  during  the  act  of  secretion.  The  granules,  therefore,  &xn 
Bometimes  described  as  zjTnogen  grantdes. 

Means  of  Obtaining  the  Gastric  Secretion  and  its  Konn^^ 
Composition. — The  secretion  nf  the  gastric  membrane  is  formed  i-  ^ 
the  niinute  glands  scattered  over  its  surface.     As  there  is  no  coir:::^' 
mon  duct,  the  difficulty  of  obtaining  tlie  secretion  for  analyas  c^^^  ^ 
experiment  is  considerable.    Tiiis  tUfficulty  has  been  overcome  a 
different  times  by  the  invention  of  special  methods. 

The  older  methods  used  for  obtaining  normal  gastric  juice  wer 
very  unsiitisfactoiy.      An  animal  was  made  to  swallow  a  clean    \^^-Jt^ 
Bponge  to  which  a  string  was  attached   so  that   the  sponge  could     ^^jf- 
afterward  be  removed  and  its  contents  be  squeezed  out;  or  it  was 
made  to  eat  some  indigestible  material,  to  start  the  secretion  of 
juice;  the  animal  wa-n  then  killed  at  the  proper  time  and  the  con- 
tents of  its  stomach  were  collected. 

Tlie  experiments  of  the  older  obsersers  on  gastric  digestion,  especially 
those  of  the  .4bW  Spallanzanl  (1720-1799).  furnish  inoet  interesting  readinc. 
Spallauaarii,  not  content  with  making  experiments  on  numerous  aniioaL 
(frogs,  birtk,  niatninals,  etc.)  had  the  courafire  to  carrj'  out  a  §7«at  many 
upon  hinLself.  He  swalJovved  foods  of  various  kinds  and  in  various  conditions 
sewetl  in  linen  bags  or  inclosed  in  perforated  wooden  tuljes  which  in  turn 
were  covered  willi  linen.  The  bags  and  tubes  were  subsequently  p^«»i^ 
in  the  stools  and  were  exaniinetl  as  to  the  amount  and  nature  of  their  contents. 
He  seems  to  have  experienced  no  uijury  from  his  experiinentjs,  although 
normally  his  powers  of  digestion  were  quite  feeble.  As  proof  that  the  trit- 
urating power  of  the  stomach  is  not  very  CTeut  lie  calls  attention  to  the  fact 
that  some  of  the  wooden  tulies  were  utade  very  thin,  so  that  the  sUgbt«Bt 
pressure  would  crush  them,  and  yet  they  were  voided  uninjured.  So  alao 
he  found  tliat  cherries  an^l  grapes  when  sT»allowed  whole,  even  if  entirely 
ripe,  were   usually   i)adsed   unbroken. 

A  better  method  of  obtaining  normal  jiuce  was  suggested  bj'  the 
famous  observations  of  Beatunont*  upon  Alexis  St.  Martin.  St. 
Martin,  b^^  the  premature  discharge  of  hia  gun,  was  wounded  in  the 
abdomen  and  stomach.  On  healing,  a  fistulous  opening  remained  in 
the  abdominal  wall,  leading  into  the  atomach,  so  that  the  contents 
of  the  latter  could  be  insiiected.  Beaumont  made  ntimerous  inter- 
esting and  most  valuable  observations  upon  his  patient.  Since  that 
time  it  has  Ijecome  customar\-  to  make  fistulous  openings  into  the 
stomachs  of  doga  whenever  it  is  necessary  to  have  the  normal  juice 

♦  Beaumont,  "The  Physiology  of  Digestion,"  1833;  second  edition,  1847. 
For  a  biographical  account  of  Heaumont,  see  Osler^  "Journal  of  the  Ainericaa 
Medical  .dissociation,"  November  15,  1902. 
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for  examination.  Formerly  a  silver  cannula  was  placet!  in  the 
fistula,  and  at  any  time  the  plug  closing  the  cannula  might  be  re- 
moved and  gastric  jviice  be  obtained.  In  some  cases  the  esophagus 
has  been  occluded  or  excised  so  as  to  prevent  the  mixture  of  saliva 
with  the  gastric  juice.  Gastric  juice  may  be  obtained  from  human 
beings  also  in  cases  of  vomiting  or  by  means  of  the  stomach  tube, 
but  in  such  cases  it  is  necessarily  more  or  less  diluted  or  mixed  with 
food  and  cannot  be  used  for  exact  analyses,  although  specimens 
of  gastric  juice  obtained  by  these  methods  are  employed  ki  the 
diagnosis  and  treatment  of  gastric  troubles. 

From  the  standpoint  of  experimental  investigation  a  very  im- 
portant atldition  to  our  methods  was  niatle  b)'  Heidenhain.  Thia 
observer  showed  that  a  portion  of  the  stomach — the  fundic  end,  for 
instance,  or  the  pyloric  end — ^inight  be  cut  away  from  the  rest  of  the 
oigan  and  be  given  an 
artificial  opening  to  the 
exterior.  By  this  mciiiis 
the  secretion  of  an  isolate<i 
fundic  or  pyloric  sac  may 
be  obtained  and  examined 
as  to  its  quantity  and  prop- 
erties. The  method  was 
subsequently  improved  by 
Pawlow,  whose  important 
contributions  are  referred 
to  below.  Fig.  294  gives 
an  idea  of  the  operation  as 
made  by  Pawlow  to  isolate 
a  fundic  sac  with  its  blnod 
and  ner\'e  supply  unin- 
jured. 

The  normal  gastric  b^ 
cretion  is  a  thin,  colorless 
or  nearly   colorless    liquid 

with  a  strong  acid  reaction  and  a  characteristic  odor.  Its  spe- 
cific gravity  varies,  but  it  is  never  great,  the  average  being  about 
1.002  to  1.003.  Upon  analysis  the  gastric  juice  is  found  to  contain 
fiome  protein,  some  mucin,  and  inorganic  salts,  but  the  essential 
constituents  are  an  acid  (HCl)  and  two  or  possibly  three  enzymes, 
pepsin,  rennin,  and  lipase.  Satisfactory  complete  analyses  of  the 
human  juice  have  not  been  rep<Drted,  most  of  the  recent  observers 
confining  their  attention  mainly  to  the  degree  of  acidity  and 
digestive  power.  More  complete  data  are  published  for  the 
retion  in  dogs.  According  to  Rosemann,*  the  secretion  in 
*  Rooem&im,  "Arcliiv  f.  d.  ge«.  Physiologie,"  118,  467,  1907. 


-To  dhow  Pawlow's  operation  for 
maUnK  an  uoJaled  funiiio  «ac  from  Um  •tomaeh: 
V,  Cavity  uf  the  Rtomach ;  a,  the  funiiio  sac,  shut  off 
from  the  stomach  and  opening  at  the  aDdominal 
wall,  a,  a:  b  indicates  the  line  of  sutures. — (Pat»- 
foir.) 
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this  animal  has  a  specific  gravity  of  1002  tu  1004  an<l  contains 
0.4277  per  cent,  of  dry  material,  of  which  0.1325  per  cent,  b  ash. 
Analy.sis  of  the  a.sh  .shows  that  it  contains  24  per  cent,  of  potassium, 
19  per  cent,  of  sodium,  ami  O.IS  per  cent,  of  calcium.  The  HCl 
amounts  to  0,55  per  cent.,  while  the  total  chlorine  contents  are 
more  than  twice  that  of  blood-  Tliia  author  states,  in  fact,  that 
in  one  animal  during  a  secretion  busting  3^  hours  about  5  gro.  »if 
chlorine  were  given  off  in  the  secretion,  an  amount  about  P«{ual 
to  that  contained  in  tlie  entire  b|n<id.  The  organic  portion  of  the 
secretion,  in  addition  to  the  digestive  ensymes,  consistd  chiefly 
of  protein.  Gastric  juice  does  not  give  a  coagulum  upon  boiling. 
but  the  digestive  enzymes  are  thereby  destnived.  One  uf  the 
interesting  facts  aliout  this  secretion  b  the  way  ui  whii-h  it  with- 
stands putrefaction,  Jt  may  be  kept  for  a  long  time,  for  months 
even,  without  becoming  putrid  and  with  very  little  change,  if  any, 
in  its  digestive  action  or  in  its  total  acidity.  This  fai-t  shows  that 
the  juice  possesses  anti.sepiio  pro[x'rties,  and  it  is  u.su:illy  iiu]>- 
posed  that  the  pre.sen<'i^  i>r  the  frw  acid  a<'counts  for  this  quality. 
The  Acid  of  Gastric  Juice. — The  nature  of  the  free  acid  in  gastiic 
juice  was  fonnerly  the  subject  of  dispute,  some  claiming  that  the 
acidity  is  due  to  HCl,  since  this  acid  can  be  distilled  o(T  from  t}»e  gns- 
tric  juice,  others  c<jnt^nding  that  an  oi^anic  acid,  lactic  acid.  i» 
present  in  the  secretion.  AH  recent  experiments  tend  to  prove  t 
the  acidity  Is  <lue  to  HCl.  This  fact  was  first  demonstrated  aai 
factorily  by  the  analyses  of  Schmidt,  who  showed  that  if,  in  a  gi 
BpH'imen  of  gastric  juice,  the  chlori«ls  were  all  precir)itate<l  by  ril 
nitrate  and  the  total  amount  of  chlorin  was  detenninetl,  more 
found  tlian  could  l)e  heUl  in  combination  by  the  bases  present  in 
secretion.  Evidently,  some  of  the  chlorin  must  have  been 
in  combination  with  hydrogen  as  hydrochloric  aciti,  ConfinnAl 
evidence  of  one  kind  or  another  has  since  Ijeen  obtained.  Thus  tt 
been  sliown  that  a  nunjber  of  color  tests  for  free  minejul  acids 
with  the  gastric  juice:  methyl-violet  solutions  are  tunie<l  blue, 
eongo-red  solutions  and  test  paper  are  changed  from  red  to  blue, 
00  tropeolin  from  a  yellowish  to  a  pink  red,  and  so  on.  A  nuinlxrof 
wKlitional  test*  of  tlie  ssime  general  character  will  J*  found  described 
in  the  lnl>orator>'  handb(joks.*  It  must  lie  added,  however,  that 
lactic  arid  undoubti-^ll)'  occurs,  or  may  occur,  in  the  stomacii  during 
digestion,  Itv*;  prcs<'nce  Is  usually  exfilaineil  as  lieJng  due  to  the  fe^ 
mcntJition  of  the  carbohydrates,  and  it  is  therefore  more  cou«tAntir 
present  in  the  stomachs  of  the  herbivora.  The  amount  of  fr» 
hydrochloric  acid  varies  according  to  the  duration  of  .li"-- .ti.,ii; 
that  is.  the  secretion  does  not  |h)ss«'SS  its  full  acidity  in  iht  /j 

owing  to  the  fact  (Heidcnhain)  thai  in  the  firet  periotis  of  Ui^iirstiun, 
*  Sinion.  "A  Manual  of  Cliaical  Diacm 
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whilp  the  secretion  is  still  srarity  in  aintmnt,  a  iKirticm  of  its  arid 
is  neutralized  by  the  swullowcil  snliva,  the  alkaline  mucus,  and  tlie 
alkaline  secretion  of  the  ]nlorie  end  of  ths  stoniiudi.  It  is  probable 
that  the  juice  as  secreteti  has  a  more  ur  less  constant  acidity,  but 
after  it  is  poured  out  in  the  stomach  this  acidity  is  not  only  dimin- 
ished by  the  neutndiziiig action  of  any  alkalies?  that  may  be  {tresent, 
but,  what  is  far  more  impurtant,  the  free  acid  may  be  cond>ined 

rith  the  protein  of  the  food.  If  the  stomach  contents  of  an  animal 
fetl  on  meat  be  examined  from  time  to  time,  it  may  not  be  possible 
to  prove  the  exi-stence  of  free  IICl  for  an  hcnir  or  more  after  the 
digestion  has  been  goiTig  on,  owing  to  the  fact  that  it  has  com- 
bined with  the  protein  material.  In  speaking  of  the  acidity  of 
the  stomach  contents,  therefore,  it  is  necessary  to  distinguish 
between  the  combined  acid  and  the  free  acid,  the  two  together 
coastituting  the  total  acidity.  The  iicidity  <if  the  human  gjustrie 
juice  is  u.sually  estitnated  at  0.3  per  cent.,  l>ut  during  digestion 
it  may  reach  (Hornborg)  0.4  to  0.5  per  cent.,  and  these  figures 
express  probably  its  strength  as  secreted.  The  acidity  of  the 
dog's  gastric  juice,  according  to  Pawlow.  lies  between  0.46  and 
0.56  per  cent. 

The  Origin  of  the  HCl. — The  gastric  juice  is  the  only  secretion 
of  the  body  that  contains  a  free  acitl.  The  fact  that  the  acid  is  a 
mineral  acid  and  is  present  in  considerable  strength  makes  the  cir- 
cumstance more  remarkable.  Attempts  have  been  mafle  tn  jiscer- 
_tain  the  hLstological  elements  concenied  in  its  secretion  and  the 
lature  of  the  chemical  reaction  or  reactions  by  which  it  is  produc-ed. 

Vith  regard  to  the  first  jMiint  it  is  generally  believed  that  the  border 
cells  of  the  gastric  tubules  constitute  the  acid-secreting  cells.     This 

?lief  is  foundt^d  upon  the  genera!  fact  that  in  the  regions  in  which 

lese  cells  are  chiefly  present — that  is,  the  middle  region  of  the 
stomach — the  secretion  is  distinctly  acid,  and  where  they  are  absent 
or  scanty  in  mmiber  the  secretion  is  alkaline  or  less  acid.  In  the 
pyloric  region,  for  instance,  these  cells  are  lacking  entirely  and  the 
secretion  is  alkaline.  So  also  in  the  fundus  the  secretion  does  not 
seem  to  be  acid,  and  this  fact  corresiwnds  with  a  marked  diminution 
or  absence  of  the  border  cells.     With  regard  to  the  origin  of  the  acid 

tis  evident  that  it  is  foniied  in  the  secreting  cells,  since  none  exists  in 
e  blo<3<J  or  lymph.  It  seems  als«j  j>prfectiy  evident  that  the  HCl 
ust  he  formed  from  the  chtorids  of  the  blood.  The  chief  chlorid 
NaCl  and  by  some  means  tliis  compound  is  broken  up;  thechlorin 
is  combincii  with  hydrogen,  and  is  then  secreted  upon  the  free  surface 
of  the  stomach  as  HCl.  In  support  of  this  general  statement  it  has 
been  siiown  that  if  the  chlorids  in  tine  Idoml  are  Reduced  by  removing 
them  from  the  food  for  a  suflicient  time  the  secretion  of  gastric  juice 
longer  contains  acid.      On  the  other  hand,  addition  of  NaBr  or 
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KI  to  the  fdod  may  cause  the  formation  of  some  HBr  and  HI, 
together  with  HCl  in  the  gastric  juice.  Maly  has  suggested  that 
acid  ohosphates  may  te  protluced  in  the  first  instance,  and  then  by 
reacting  with  the  sodium  chlorid  inay  give  hydrochloric  acid,  acconi- 
ing  to  the  formula  NaH,POt  +  NaCl  =  Na,HPO<  +  HCl.  Other 
theories  have  been  proposed,  Ijut,  as  a  matter  of  fact,  no  explamili<m 
of  the  details  of  this  reaction  is  satisfactory.  We  must  Ijc  content 
to  say  that  in  the  acid-forming  cells  the  neutral  chlorids  (NaCl)  are 
broken  up  witli  the  formation  of  free  Ht'l,  and  in  all  pmbability 
tliis  reaction  involves  a  specific  metabolism  on  the  part  of  these 
cells. 

The  Secretory  Nerves  of  the  Gastric  Glcmds. — Although  several 
facts  indicated  to  the  oUler  observers  that  the  secretion  of  gastric 
juice  is  under  the  control  of  nerve  fibers,  we  owe  the  actual  experi- 
mental demonstration  of  tills  fact  to  Pawlow.*  He  demonstrated 
*liat  the  secretion  is  \mder  the  control  of  the  nervous  system  and  that 
the  secretory  fibers  are  contained  in  the  vagus.  Direct  stimulation 
of  the  peripheral  end  of  the  cut  vagus  causes  a  secretion  of  gasl« 
juice  after  a  long  latent  period  of  several  minutes.  This  long  latency 
ma\'  be  due  possibly  to  the  presence  in  the  vagus  of  inhibitoiy 
fibers  to  the  gland,  which,  being  stimulated  simultaneously  with  the 
secretory  fibers,  delay  the  action  of  the  latter.  Very  striking  pnxrf 
of  the  general  fact  that  the  secretion  is  due  to  the  action  of  vagus 
fibers  is  furnished  by  such  experiments  as  these:  Pawlow  di^^(led  the 
esophagus  in  the  neck  and  brought  the  two  ends  to  the  skin  so  as  to 
make  separate  fistulous  openings  to  the  exterior.  Under  these  con- 
ditioas,  when  the  animal  ate  and  swallowed  food  it  was  discharged 
to  the  exterior  intstead  of  entering  the  stomach.  The  animal  thus 
had  the  enjoyment  of  eating  without  actually  filliii'g  tiie  stoniiich. 
Eating  in  this  style  forms  what  the  author  called  a  fictitious 
or  sham  meal  (Scheinfuilcrung),  It  was  found  that  it  cjuifies 
an  abundant  flow  of  gastric  juice  as  long  as  the  vagi  are  intact, 
bvit  h:us  no  effect  on  the  secretion  when  these  nerves  are  cut. 
E\'ideutly.  therefore,  the  sensaliems  of  tjvste,  odor,  et-c..  developed 
during  the  mastication  and  swallowing  of  food,  set  up  reflexlv 
a  stimulation  of  secretory  fibers  in  the  vagus.  Pawlow  des^- 
nates  a  secretion  produced  in  this  way  as  a  psychical  secretion, 
— a  term  which  implies  that  the  reflex  mu.st  l>e  attende<i  by 
conscious  sensations.  In  favorable  cases  the  fictitious  feeding  has 
been  continued  for  five  or  six  hours  and  a  large  amount  of  gaatrie 
juice  (700  c.c.)  has  been  collectetl  from  a  fistula,  although  no  food 
actually  entered  the  stomach.  It  is  important  to  note,  also,  that  > 
psychical  secretion,  once  started,  may  continue  for  a  long  time  after 

♦  See  Pawlow,  "The  Work  of  the  Digestive  Gl&ncU,"  translated  by  Tlwmp- 
son,  1902. 
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the  stimulus  (the  nating)  has  nc^asod.  Experiments  have  bopn  made 
^upon  human  beings  under  alBiilar  conditions.  Thus,  Homliorg* 
reports  the  case  of  a  boy  with  a  stricture  of  the  esophagus  and  a 
fistula  in  the  stomach,  Food  when  chewed  and  swallowed  did  not 
reach  the  stomach,  but  was  regurgitated;  it  caused,  neverthe[et«, 
an  active  psychical  serrction  in  the  empty  stomach. 

Normal  Mechamsm  of  the  Secretion  of  the  Gastric  Juice.^ 
During  a  meal  the  gastric  juice  is  secreted,  imder  normal  conditions, 
as  long  as  the  food  remains  in  the  stomach.  The  modem  explana- 
tion of  the  ori^n,  maintenance,  and  regulation  of  this  flow  of  secre- 
tion is  due  chiefly  to  Pavvlow.  Contrary  to  a  former  general  belief, 
he  showed  that  niechaoical  stimulation  of  the  gtistric  mucous  mem- 
brane has  no  effect  on  the  secretion  of  the  tubules.  Thi.«?  factor  may 
therefore  be  eUminated.  In  an  ordinary  meal  the  secretion  first 
started  is  due  to  the  sensations  of  eating — that  is,  it  is  a  psycliical 
secretion.  The  afferent  stimuli  originate  in  the  mouth  and  nostrils; 
the  efferent  path,  the  secretory  fibers,  Is  through  the  vagus  nerve. 
This  reflex  insures  the  beginning  at  least  of  gastric  digestion,  but  its 
Feet  is  supplemented  by  a  further  action  arising  in  the  stomach 
Itself.  It  seems  that  some  foods  contain  substance.s  designated  as 
jretogogiies,  that  are  able  to  cause  a  secretion  of  gastric  juice 
fhen  taken  into  the  stomach.  In  other  foods  these  ready-foiTned 
Bcretogogue.s  are  lacking.  Thus,  meat  extracts,  meat  juices, 
)ups,  etc.,  are  particularly  effective  in  this  rej5pect;  milk  and  water 
luse  less  secretion.  (Certain  common  articles  of  food,  such  as 
bread  and  white  of  eggs,  have  no  effect  of  this  kind  at  all.  If 
[introduced  into  the  stomach  of  a  dog  through  a  fistula  so  as  not  to 
'•rouse  a  psychical  secretion, — for  instance,  while  the  dog's  attention 
is  diverted  or  while  he  is  sleeping, — they  cause  no  f!ow  of  gastric 
juice  and  are  not  digested.  If  such  articles  of  food  are  eaten, 
jwever,  they  cause  a  psychical  secretion,  and  when  this  has  acted 
'upon  the  foods  some  products  of  their  digestion  in  turn  become 
capable  of  arousing  a  further  How  of  gastric  juice.  The  steps  in 
the  mechanism  of  secretion  are,  therefore,  three:  (l}The  psychical 
secretion;  (2)  the  secretion  from  secretogogues  contained  in  the 
food;  (3)  the  secreticm  from  secretogogues  contained  in  tlie  prod- 

Iaicts  of  digestion.  The  manner  in  which  the  secretugingues  act 
Bannot  be  stated  positively.  Since  the  ga.stric  glands  possess 
■ecretory  nerve  fibers  the  first  explanation  to  suggest  itself  is 
ihat  the  secretogogues  by  acting  tin  sensory  fibers  in  the  gastric 
mucous  membrane  reflexly  stimulate  the  secretory  fibers.  This 
explanation,  however,  is  rendered  unt«-nable  by  the  fact  that  the 
effect  of  these  substances  is  obtained  after  complete  severance 

*  Hombore,  "SkAmJiDavisches  Arcliiv  f.  Phyeiologie,"  15,  209,  1904;  fie« 
Bickel,  "  Verhandl.  Kongr.  f.  innere  Medusin,"  23,  491. 
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of  the  nervous  connections  of  iht-.  stomach.  If,  therefore,  this 
8u-calletl  chemica!  secretion  i»  prttduced  by  a  nervoua  reflex  ihr 
nervp  centers  concerned  must  lie  in  the  stomach  itaelf,  the  reflex 
must  take  place  througli  the  peripheral  f^anglion  cells.  Another 
more  probable  explanation  has  been  offered.  Kdkiiis*  has  shown 
that  decoctions  of  the  pyloric  mucous  membrane,  made  by  boilinfe 
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the  blood  cause 
marked  secretion  c 
gastric  juice.  The 
substances  when  iu 
jected  alone  into  th 
blood  cause  no  sucL^ 
effect,  and  decoc- 
tions of  the  mucous 
membrane  of  the 
fundic  end  of  the 
stomach  are  with- 
out action  on  the 
gastric  secretion. 
This  author  sug- 
gests,  therefore,  that 
the  secretogogues , 
whether  preformed 
in  the  food  or  formed 
during  digestion,  act 
U|)on  the  pyloric  mu- 
cous membrane  and 
form  a  substance 
which  he  designates 
as  gastrin  or  gastric 
secretin,  and  this  sub- 
stance after  absorp- 
tion into  the  blood 
i.s  carried  to  the  gas- 
tric glands  and  stimulates  them  to  secretion.  The  cflTect  is, 
therefore,  not  a  usual  nervous  reflex,  but  an  instance  of  the 
stimulation  of  one  organ  by  chemical  products  formed  in  another. 
Starling  t  lias  emphasized  the  faet  that  this  mode  of  control  is 
frequently  employed  in  the  body,  as  will  be  described  in  the 
following  pages  in  connection  with  the  pancreatic  secretion  and 

•  Edkins,  "  Jouniat  of  PliyHii>l(iffy,"  1906,  xxxiv.,  p.  1311 

t  Starling,  "  Recent  Advances  iii  the  Physiology  of  Digestion,"  1906. 
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. . .._  QHaiitity  of  secretion. 

^^^_^^_  Acidity. 

—  Disestive  power. 

Fig.  205.— DiaKTjim  showing  the  variation  in  quantity 
of  gmatric  aeeretion  in  tbe  d»^  oiler  a  mixed  meal^  also 
tbe  ▼Kfiktiooa  io  addity  and  in  digeative  power.— (After 
Khifisu.} 
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the  internal  secretions.     He  proposes  to   de.signatc    supli  sub- 

. stances  by  the  general  tmn  uf  hormones  {irom  bpfiaw,  arouse 
excite).  Leaving  aside  for  the  moment  the  way  in  which 
the  secretogogues  excite  the  secretion  it  is  important  to  emplia- 
lize  the  fact  that  in  the  norniul  secretion  of  gastric  juice,  that 
to  say,  in  the  secretion  which  takes  i>lace  during  an  ordinary 
leal,  we  must  distinguish  between  a.  nervous  sfcrdion  due  to 
the  action  of  the  secretory  fibers  in  the  vagus,  and  a  chemical 
secretion  due  to  the  chemical  stimulation  of  the  secretogogues 
or  of  the  hornioues  produced  by  thenu 

The  researches  of  Pawlovv  and  his  co-workers  seem  also  to  in- 
<licate  that  the  quantity  and  properties  of  the  secretion  vary  with 
the  character  of  the  food.  The  q\iantity  of  the  secretion  varies, 
also,  other  conditions  Inking  the  .same,  with  the  amount  of  food  to 
be  digested.  The  a[)j)!iratus  is  adjusted  hi  this  respect  to  work 
:onomically.     Difffrent  kinds  of  f<x>cl  produce  .secretions  varying 

"not  only  as  regards  nuantity  but  also  in  their  a<'idity  and  diges- 
tive action.  The  secretion  produced  by  bread,  though  less  in 
quantity  than  that  caused  liy  meat,  {wssesses  a  greater  tligestive 
action.  On  a  given  diet  the  secretion  aasumes  certain  characteris- 
tics, and  Pawlow  is  crjnvinced  that  further  work  %\ill  di.sclose  the  fact 
that  the  secretion  of  the  stomach  is  not  caused  normally  by  general 
stinudi  all  affecting  it  alike,  but  by  specific  stimuli  contained  in  the 
food  or  prwlucwl  during  digestion,  whose  action  is  of  such  a  kind 

as  to  arouse  reflexly  the  secn^tion  best  adapted  to  the  fwHl  ingested. 
One  of  the  curves,  showing  the  effect  of  a  mixed  diet  (milk,  600 
C.c;  meat,  100  gms.;  bread,  1(X)  gms.)  upon  the  gastric  secretion, 
as  determined  by  Pawlow's  method,  is  repHxluccd  in  Pig.  295.  It  will 
be  noticed  that  the  secrfUion  l>egan  shorth'  after  the  ingestion  of  the 
foo<l  (seven  minutes),  and  increased  rapidly  to  a  maxiumni  that  was 
reached  in  two  hours.  After  the  second  hour  the  flow  decreased 
rapidly  and  nearly  unifonnly  to  about  the  tenth  hour.  The  acidity 
rose  sUghtly  between  the  tirst  and  se<;ond  hours,  aiui  then  fell  gradu- 
ally.   The  digestive  power  showed  an  increase  between  the  second 

pftnd  third  hours. 

I  Nature  and  Properties  of  Pepsin, — Pepsin  is  a  typical  proteo- 
lytic enzyme  that  exhibits  the  striking  peculiarity  of  acting  only  in 
acid  media:  hence  [X'ptic  tligcstinn  in  the  stomach  is  the  result  of 
the  cnml)ined  ai-tion  of  pepsin  and  hydrochloric  acid.  Pepsin  is 
influenced  in  its  action  by  teinixrature,  as  is  the  case  with  the  other 
enzymes;  low  temperatures  i-etard,  and  may  even  suspend  its 
acti\ity,  wliile  higli  temperatures  increase  it.  The  optimum  tem- 
perature is  stated  to  lie  from  37°  to  40°  C,  while  exposure  for  some 
time  to  80°  C.  results,  when  the  pejisin  is  in  a  moist  condition,  in  the 
total  destruction  of  the  enzyme.    Pepwin  ntay  be  extracted  from  the 
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gastric  mucous  membrane  by  a  variety  of  methods  and  in  different 
degrees  of  purity  and  strength.     The  commercial  preparations  of 
pepsin  consist  usually  of  some  form  of  extract  of  the  gastric  mucwa 
membrane  to  which  starch  or  sugar  of  milk  has  been  added.    I^abora- 
torv   preparations  are  made   conveniently  by  mincing   thoroughly 
the  mucous  membrane  and   then  extracting  for  a  long  time  with 
glycerin.     Glycerin  extracts,  if  not  too  much  diluted  ^\ith  wutw  or 
blood,  keep  for  an  indefinite  time.     Purer  prepjirations  of  pepsb 
have  been  made  bv  what  is  known  as  "Briicke's  method,"  in  which 
the  mucous  memltrane  is  minted  and  is  then  self-digestetl  with  a  5 
per  cent,  solution  of  phosphoric  acid.     The  phosphoric  acid  is  pr^ 
cipitated  by  the  addition  of  lime-water,  and  the  pepsin  is  earned 
down  in  the  flocculent  precipitate.     This  precipitate,  after  beng 
washed,  is  carried  into  solution  by  dilute  hydrochloric  acid,  and  » 
solution  of  cholesterin  in  alcohol  and  ether  is  added.     The  cholesteiin 
is  precipitated,  and,  as  before,  carries  down  with  it  the  pepsin.    I¥i8 
precipitate  is  collected,  carefully  'VAashed,  and  then  treated  repeatedly 
with  ether,  which  dissolves  and  removes  the  rholesterin,  leaving  tb« 
pepsin  in  aqueous  solution.     This  metliOLl  is  interesting  not  otil"i' 
because  it  gives  a  pure  form  of  po]>sin.  hut  also  in  that  it  illustrate* 
one  of  the  properties  of  enzymes — namely,  the  readiness  with  whic^" 
they  adhere  to  precipitates  occurring  in  their  solutions. 

In  spite  of  much  work,  the  chemical  nature  of  pepsin  isundet^^  ^' 
mi]<e{l.     Pekelliaring*  has  preparetl  pepsin  from  gastric  juice  t^^j 
dialysis,  the  sui>stance  precipitiiting  jw  the  acid  is  dialyzed  ol 
The  precipitate  may  be  purified  by  repeated  resolutions  in  aci 
followed  by  dialysis.     .As  prepared  by  this  method  pepsin  is 
substance  of  a  pnitein  nature  wiiich  contains  sulphur  and  als 
some  chlorin,  but  no  phosphorus.     It  does  not  belong,  therefur^^^' 
to  the  group  of  nucleoprnteins.     Other  authors,  on  the  contrarj'^' 
assert  that  active  preparations  of  pepsin  may  be  obtained  whic^ 
give  no  protein  reactions,  although  they  contain  nitrogen. 

Pepsin  is  supposed  to  be  formefl  in  the  chief  cells  of  the  gastric^ 
tubules,  but  ius  in  other  ca.ses  it  is  i^re.^eiit  in  the  cells  as  a  zymoger 
or  propepsin,  which  is  nut  changed  to  the  active  pepsin  until  after 
secretion.  The  propepsin  may  be  extracted  readily  from  the  mucou^ 
membrane,  and.  since  it  is  knriwn  that  tlie  zymogen  is  converts 
quickly  to  active  pepsin  by  the  action  of  acids,  it  is  evident  that  in 
the  normal  gastric  juice  the  existence  of  the  hydrochloric  acid 
insures  that  all  of  the  pepsin  sliall  be  present  in  active  form.    There" 
has  been  much  discu.ssion  as  to  the  nature  of  the  secretion  of  the 
pyloric  glands.   Heidenhain  i-solated  this  jxirtion  of  the  stomach  and 
collected  its  secretion.     He  found  that  it  was  alkaline  and  contained 
pepsin.   Later  observers,  however,  still  continue  to  doubt  the  secre- 
*  Pekelharing,  " Zie\\«c\vnS\,  i.  ^Vv^mol.  Chcmie,"  35,  8,  1902. 
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ion  of  a  true  pepsin  ia  this  portion  of  the  stomach.  Glaessner* 
states  that  propepsin  can  not  be  obtained  from  extracts  of  the  pyloric 
glands,  and  that  the  j>roteolytic  enzyme  that  can  he  shown  in  this 
^portion  of  the  stomach  by  self-digestion  in  acid  or  alkaline  media  is 
lot  a  tme  gastric  pepsin.  The  possibility  that  a  special  secretin 
(hormone)  is  formed  in  the  pyloric  mucous  membrane  has  been 
referred  to  alx>ve  (p.  764).  From  Uie  tiescriplion  of  the  events 
in  the  ritomach  (p.  710)  it  would  seem  that  the  food  material  which 
is  churned  and  stirred  by  the  contractions  of  the  jijloric  musculature 
has  ah-eady  l>een  charged  with  pepsin  and  hydrochloric  acid  by  the 
glands  of  the  middle  and  fundic  repuns  before  reaching  tlie 
antrum  pylori. 

Artificial  Gastric  Juice. — In  studying  peptic  digestion  it  is  not 
ecessary  for  uU  purpoHe,s  to  establish  a  gastric  fistula.  The  active 
jnts  of  the  normal  juite  are  pepsin  and  an  acid  of  a  proper  strength; 
id.  as  the  pepsin  can  lie  extracted  and  preserved  in  various  ways 
id  the  hydrochloric  acid  can  easily  be  made  of  the  proper  strength, 
artificial  juice  can  te  obtained  at  any  time  and  may  be  used  in 
)lace  of  the  normal  secretion  for  many  purposes.  In  laboratory  ex- 
»riments  it  is  customar>'  to  employ  a  glycerin  or  commercial  prep- 
ration  of  the  gastric  mucous  membrane,  and  to  add  a  smalt  pmlion 
jf  this  preparation  to  a  large  bulk  of  0.2  per  cent,  hydrochloric  acid. 
The  artificial  juice  thus  made,  when  kept  at  a  temperature  of  from 
37°  to  40°  C,  will  <ligest  proteins  rapidly  if  the  preparation  of  pepsin 
is  a  gfood  one.  While  the  strength  of  the  acid  employed  is  generuilly 
)ra  0.2  to  0.3  per  cent.,  digestion  will  take  place  in  solutions  of 
greater  or  less  acidity.  Too  great  or  too  small  an  acitlity,  however, 
will  retard  the  proce&s;  that  is,  there  is  for  the  action  of  the  pepsin 
an  optimum  acidity  which  ties  somewhei-e  between  0.2  and  0.5 
per  cent.     Other  acids  may  be  usetl  in  place  of  the  hydrochloric 

Kcid — for  example,  nitric,  phosphoric,  or  lactic — but  they  are  not 
)  effective,  and  the  optimum  concentration  is  tlifferent  for  each ;  for 
hosphoric  aeid  it  is  given  as  2  per  cent. 

The   Pepsia-hydrochloric    Digestion   of   Proteins. —  It    has 

long  been  known  that  .solid  proteins,  when  exposed  to  the  action  of  a 

^hormal  or  an  artificial  gastric  juice,  swell  up  ami  eventually  pass  into 

^^olution.     The  soluble  protein  thus  formed  was  known  not  to  be 

coagulated  by  heat  and  was  remarkable  also  for  being  more  diffusible 

ian  other  forms  of  soluble  proteins.     This  end-piTiduct  of  digestion 

ras  formerlv  conceived  as  a  soluble  protein  with  projierties  fitting 

it  for  rapid  absorption,  and  the  name  of  peptone  was  given  to  it.     It 

ivas  quickly  found,  however,  that  the  process  is  complicated — that  ia 

le  conversion  to  so-called  "peptone'  the  pi"otein  under  digestion 

les  through  a  number  of  intermediate  stages.   The  intermediate 

•  GlAC«80er,  "Bcilr4ge  zur  chcm.  Physiol,  u.  Pathol.,"  1,  24,  1901. 
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products  were  partially  isolated  and  were  given  specific  names,  sui'li 
as  acid-albumin,  parapeptone,  and  propeUme.  The  present  cotu-ep- 
tion  of  the  process  we  owe  chiefly  to  Kiihne.  This  autlior  believed 
that  the  protein  passes  through  three  general  stages  before  reaching 
the  final  condition  of  peptone.  This  view  is  indicated  briefly  by  the 
following  schema : 

Native   protein. 

Aciil  albiiinin  (syiitonin'). 

Primary  prnteoses  (pmljilbumoisej*). 

Secoiuljir\'  jiroteoses  (deulero-iilbunioses). 

Peptone. 

The  first  step  is  the  conversion  of  the  pmtein  to  an  acid  albumm. 
This  change  may  lie  considered  as  Ijeing  chiefly  an  effe<'t  of  t\\e  hy- 
drochloric acid,  although  in  some  way  the  combined  action  of  the 
pepsin-hydrochloric  actd  compound  is  more  effective  than  a  «>hUion 
of  the  m-itt  alnne  of  the  same  strength.  Like  the  acid  albumins 
(metaproteiris)  in  general  (see  Ap|>eiulix),  the  syntonin  Ls  rea«lily 
precipitated  un  neutralization.  In  the  beginning  of  i>eptic  diges- 
tion, therefore,  if  the  solution  is  neutralize<l  with  dilute  idkaU, 
an  abundant  precipitate  of  syntonin  occurs.  Ljitor  on  in  tlw 
tiigestioii,  neutralizatitin  gives  no  such  eflfect — the  syntonin 
has  all  passed  to  a  further  stage  of  digcstiuii.  Under  the  in- 
fluenco  of  the  pepsin  the  syntonin  undergoes  hydroK'sis,  with 
the  production  of  a  number  of  bodies  which,  as  a  group,  are 
<lesignated  as  primary  proteoses  or  protalbumoses.*  Alth<iugh 
several  menii>ers  of  tliLs  group  have  been  isolat^^l  and  given 
separate  names,  so  much  doubt  prevails  as  to  the  chcnucaJ  incliwci- 
uaUty  of  these  substances  that  it  is  l)est  jxirhaps  to  regarii  them  as  a 
group  of  compounds  wliich  under  the  continued  influence  of  the 
pepsin  umlergo  still  further  hydrolysis  with  the  fonnation  of  secon- 
dary prote<jses  or  deuten>-altiuino.ses,  .\5  compjiretl  with  the  primarr 
proteoses,  the  secondary  ones  are  distinguisheil  by  a  greater  si>lu- 
bility ;  they  require  a  stronger  saturation  with  neutral  s;dts  to  procip^ 
tate  them.  (See  Appendix.)  The  secondary  prot«*oaes  undergo  Mill 
further  hydrolysis,  lAith  the  production  of  peptone,  or  perhaps  it 
would  l>e  l)etter  to  say  f»eptones.  The  peptones  show  still  greater 
solubility,  and,  in  fact,  |x«ptoDc,  in  Kiihne's  sense,  is  tluit  compouzid 
or  group  of  «romjK>imtis  formed  in  peptic  digestion  which,  while  still 
showing  protein  re-actions  (biuret  reaction),  is  not  coagtdated  bj 
heat  nor  precipitated  when  its  solutionpi  ai-e  comj'lelely  natur 
with  ammonium  sulphate.  According  to  the  schema  ami 
tion  given  alxive.  the  several  stages  in  pepUo  digestion  are 

•n>p  '  niie<li.it«  lietwpen  th«  original  prolciii  and  tim 

ton*  «w  lornl  JL>  ulliiinKin(>8  or  iLH  prutetue«s,  according  «•( 

UkM  Uk'  i,. ,.,  ,.,,.>,  ,i,  ..r  iillitimiti  iim  the  ^'Ctierir  miuim  for  the  otipnalj 
jftaitve.     Tlw  Irnn  pr.itoin  is  jtoiiiTfiMy  usr.l  in  KiiKlish ;  heov,  th*  r 
at«  prwluit*  :in'  iiion-  :«|ipri>|>riaitcly  dcni^iiatod  om  proftWM. 
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rented  as  following  iu  sequence.  It  should  W  statod,  L<nvever, 
that  many  authors  consider  that  even  in  the  f>eginmng  of  the 
digestion  the  protein  molecule  may  he  s]>Iit  into  several  complexes, 
and  that  some  of  the  end-products  may  l>e  formed  in  the  very 
beginning  of  the  action.  All  that  we  can  state  ven-  jx>sitively 
is  that  the  protein  molecules  undergo  a  series  of  hydrolytic  cleav- 
ages, the  end-result  of  which  is  that  in  place  of  the  originally  very 
lai:ge  molecule  with  a  weight  of  5(KJ()  to  7()tH)  there  is  obtained  a 
number  of  much  smaller  and  much  more  soluble  molecules  whose 
molecular  weights  are  jjerliaps  only  250  to  4<X>  or  les-s. 

It  was  fomierly  Ijelievecl  tliat  iieiwiu  was  not  ahle  to  split  (lie  complex 
prutein  molecule  into  (.•ompoiin<is  of  a  fiimpter  struitiiire  than  the  [wptone. 
But  a  number  of  rec-ent  authors  have  stabeil  that  if  time  enoxigh  is  given 
the  breaking  up  of  the  protein  moleiule  umv  l«  as  irmiplete  as  after  the  liotion 
of  tr>'psin,  or  after  hyJroIy.sis  by  acids  (see  Proteins  in  apt»endix).  'riiat 
is.  along  with  the  peptone  or  in  place  of  it  are  found  cert-iiii  simpler  liodies 
which  no  longer  gi\e  the  biuret  reB<'tion,  but  are  [ireripitable  by  jihospho- 
tungKtic  Bt'id  and  for  which  Hofineister  proposes  the  general  Jtume  of  pep- 
toids.  They  would  corresjtond,  also,  apparently,  to  the  group  of  compounds 
designated  by  Fi-scher  a^  |>eptiil.H  or  jHilyijeptid-s,  In  jutdition,  iitany  of  the 
amino-aciiLs  and  nitrogenous  bases  which  constitute  the  (inal  end-produtts 
of  the  breaking  up  of  tne  protein  molecule  may  be  fouiul.* 

In  judging  the  digestive  action  of  any  given  s|)eciiuen  of  natural 
or  artificial  gastric  juice  St  is  cnstomar>-  to  measure  the  rapirlity 
with  which  an  insculuhle  protein  Ls  converted  into  a  soluble  form. 
The  method  most  commonly  employed  is  that  deA'ise<l  in  Pawlow's 
laborator>'  by  Mett.  Tlie  Mott  fe.st  ijs  niadti  by  sucking  white  of  egg 
into  a  thin-wnlled  glass  tube  having  an  internal  diameter  of  1  to  2 
mms.  The  egg-albunun  i.s  coagulated  in  the  tulie  by  uiuuersing  it  for 
five  minutes  in  water  at  95*  C.  After  siome  time  the  tul>e  is  cut  into 
lengths  of  10  to  15  mms.  and  these  are  used  to  tost  the  digestive  action 
or  amount  of  jx;psiu.  One  or  more  of  the  tuljes  are  placed  hi  the 
solution  to  l^  measured  and  kept  for  ton  hovirs  at  botly  temperature. 
The  digestive  power  is  measureil  in  term.s  of  the  length  in  millimeters 
of  the  colunm  r>f  egg-albumiii  that  is  dissolvetl.  The  relative  amounts 
of  pepsin  in  scilution.'j  comparcd  in  this  way  are  detemuned  by  the 
law  of  Schiitz,  according  to  which  the  tUgestive  power  is  proportional 
to  the  square  root  of  the  amount  of  pepsin.  If  in  two  specimens  of 
gastric  juice  the  number  of  millhncters  of  egg  albumin  digested 
was  in  one  ca-sie  two  and  in  the  oilier  three,  the  jx^psin  in  the  two 
solutions  would  1><'  as  the  sciuarcs  of  tin*  numbers,  ii.H  4  to  9. 

The  Rennin  Enzyme  (Rennet,  Chymosin). — The  property 
poasessed  by  the  mucous  membrane  of  the  catf's  stomach  of  curdling 
milk  has  been  known  from  remote  time.s,  and  has  Ix^eu  utilized  iu  the 
manufacture  of  fliee.se  and  curds,  Tlii.s  action  take^  place  with 
lemarkable  rapidity  under  favorable  conditions,  a  large  mass  of  milk 
•  See  HofmeiBter,  "  Ergebnissc  der  PliyMologie,"  vol.  i.,  part  i.,  790,  1!;H)2. 
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setting  to  a  finu  coagulum  within  a  very  brief  time-  It  has  Wn 
shown  that  this  effect  is  due  to  an  enzyme — rennin  or  rennet.  The 
rennin,  like  the  pepsin,  is  supposed  to  be  formed  in  the  chief  cells  ol 
the  gastric  tubules  and  to  be  pi-esent  in  the  glands  in  a  zymogen 
foi-m,  the  prorennin  or  prochymosin,  which  after  secretion  is  con- 
verted to  the  at-'tive  enzj'me.  This  conversion  takes  place  very 
readily  under  the  iniluence  of  acid.  Rennin  (or  its  zymogen)  may  be 
obtained  easily  from  the  mucous  membrane  of  the  stomach  (with 
the  exception  of  the  indoric  etid)  by  extracting  with  glycerin  or  water 
or  l)y  digesting  with  dilute  acid.  Good  extracts  of  rennin  cause 
the  milk  to  clot  with  great  rapidity  at  a  temperature  of  40°  C.:ibe 
milk  (cows'  milk),  if  undisturbed,  sets  at  firet  into  a  solid  clot,  which 
afterward  shrinks  and  presses  out  a  clear,  yellowish  liquid— the 
whey.  With  human  milk  the  curd  is  much  less  firm,  and  takes  the 
form  of  loose  flocculi .  The  whole  process  resembles  much  the  clotting 
of  b!ood.  The  rapidity  of  clotting  is  said  to  vary  inversely  as  the 
amount  of  rennin,  or,  in  other  words,  the  product  of  the  amount  of 
rennin  anrl  the  time  necessar)'  for  dotting  b  a  constant.  The 
curtUing  of  the  milk  involves  two  apparent!}-  indei^endent  pn»- 
esses :  First,  the  rennin  acts  upon  the  casein  of  the  milk  and  converts 
it  into  a  substance  known  as  paracasein.  The  paracasein  then 
reacts  with  the  calcimn  phosphate  of  the  milk,  forming  an  insoluble 
calcium  .sait,  wliicli  constitutes  the  cunl  or  coagulum.  According 
to  this  view,  the  enzyme  does  not  cause  clotting  directly.*  What 
takes  place  when  the  ca.sein  is  changed  to  paracasein  is  not  undw- 
stood.  Hammarsten  originally  regarded  the  change  as  a  cleavage 
process,  but  this  view  has  not  been  su|>porte<L  Others  have  sup- 
paied  that  a  transformation  or  rearrangement  of  molecular  struc- 
ture occurs.  Indeed,  the  differences  in  projK'rties  lietween  casein 
and  paracasein  are  not  great,  the  most  marked  difference  being  tint 
the  calcium  salts  of  the  latter  are  insoluble.  If  soluble  calcium  salts 
are  removed  fr<Hii  milk  by  the  addition  of  oxalate  .solutions,  it  do« 
not  curdle  up<jn  the  adiiition  of  rennin.  Addition  of  lime  salts ri*- 
stores  this  property.  It  should  be  added  that  casein  is  also  pre- 
cipitated from  milk  by  the  addition  of  an  excess  of  acid.  The 
curdling  of  sour  milk  in  the  formation  of  l>onn)'clabb<>r  is  a  well- 
knowm  illustratioii  of  this  fact.  WTien  milk  stands  for  some  time 
the  action  of  bacteria  upon  the  milk-sugar  leads  to  the  formation 
of  lactic  acid,  and  when  this  acid  reaches  a  certain  concentration, it 
cau-ses  the  precipitation  of  the  ca.sein. 

So  far  a«  our  positive  knowledge  goes,  the  action  of  rennin  is 
confined  to  milk.  Casein  is  the  chief  protein  cpnstituent  of  milk, 
and  has,  therefore,  an  imimrtant  nutritive  value.  It  is  interesting 
to  find  that  before  its  peptic  digestion  begins  the  casein  is  acted 
upon  by  an  altogether  different  enzyme.     The  value  of  the  curdlifl? 

•  See  Bang,  "  SWanAvtuivi»c\xt&  Xic\3iv  A."tV,»a\o©ftr  'iS.,  ViE>,  W^l^' 
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;tion  is  not  at  once  apparent,  but  we  may  suppose  that  casein  is 
ore  easily  digested  under  the  conditions  that  exist  in  the  lx)dy  after 

has  been  brought  into  a  solid  form.  This  has,  however,  been 
jubted,  and  it  has  even  been  suggested  that  the  process  is  a  hin- 
rance  rather  than  an  aid  to  the  tligestion  of  the  casein.  Until  the 
»ntrar>'  is  definitely  demonstrated  it  is  preferable  to  assume  that 
le  process  is  of  importance  in  the  digestion  of  milk.  The  action  of 
mnin  goes  no  further  than  the  curdUng ;  the  digestion  of  the  curd 

carried  on  by  the  pepsin,  and  later,  in  the  intestines,  by  the 
ypsin.  with  the  foniiation  of  proteoses  and  peptones  as  in  the 
lae  of  other  proteins,* 

Rennin  is  found  elsewhere  tlian  in  tlte  potstric  mucosa.  It  has  been 
iacribed  in  the  paiKteatic  juice,  in  the  testis,  and  in  many  other  organs 
I  well  as  in  the  tissues  of  many  plants.  In  fact,  wherever  proteolrtic  enzjTiies 
«foiuid  there  also  some  evidence  of  a  ctirtlling  action  on  milk  may  be  ob- 
tiued.  For  this  reason  some  observers!  have  taken  the  ^'iew  that  the  milk  coag- 
Ation  is  not  due  to  a  speiific  ferment.  t»ut  is  an  artion  of  the  pepein  itself, 
bat  is,  the  proteolytic  enz\Tne  i.s  capable  of  causinp  tlie  fhanige  from  casein 
>  paracasein  as  well  as  t!ie  Iivdrolysis  of  the  jirorpin.  Thi«  \iew  is  opposed  to 
le  prevalent  opinion  regarding  tlie  i^fietitinty  of  enzyme  actions. 

Another  interesting  fart  coiiceming  rennin  i»  that  an  animal  may  l>e  im- 
unized  against  it  (see  p.  416),  If  rennin  be  injected  subcutaneously  in 
I  animal  an  antirennin  will  be  former!  in  it.i  bloocl.  This  antirennin  added 
milk  preyent.s  its  curdling  by  rennin,  giving  a  result,  therefore,  similar 
""  e  reaction  between  toxins  and  antitcxins. 


Ob< 


The  Digestive  Changes  Undergone  by  the  Food  in  the 
omach. — In  addition  tu  the  pepsin  and  rennin  various  observers 
ive  described  other  enzjTnes  in  the  gastric  juice  or  piis^ric  mom- 
*ane,  but  the  evidence  at  hand  is  uncertain  regarding  these 
tier,  except  in  the  case  of  what  is  known  as  gastric  lipase 
'olhard).  As  was  said  aljove,  it  is  probable  that  the  ptyalin 
,:illowed  with  the  food  continues  to  exert  its  action  upon  the 
archy  material  in  the  fundus  for  a  long  time,  so  that  in  this  way 
e  .starch  iligestion  in  the  stomach  may  be  important.  Regarding 
e  fats,  it  is  usually  believed  that  they  undergo  ni>  truly  cUgestive 
ange  in  the  stomach.  They  are  set  free  from  theu-  intimate 
bcture  with  other  food  stuffs  by  the  dissolving  action  of  the  gas- 
ic  juice  upon  proteins,  they  are  liquefied  by  the  heat  of  the  body, 
id  they  are  disseminated  through  the  chyme  in  a  coarse  emulsion 
r  the  movements  of  the  stomach.  In  tliis  way  they  are  mechan- 
ally  prepared  so  that  the  subsequent  action  of  the  pancreatic 
lice  is  much  favored.  When,  however,  fats  are  ingested  in 
nulsified  form,  as  in  milk,  for  instance,  the  lipa.se  of  the  stonmch, 
Msording  to   Volhard,  may  cause  a  marketl  hydrolysis.     It  is 


K.  cit. 


For  references  to  the  very  abundant  literature,  considt  Oppenhcimer, 


tSee  Pawlow  and  Parastsctiuk,  '* Zeitschrift  f.  physiol.  Cheroie,"  42.  416. 
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sujjposod  thiit  this  jiction  may  be  important  in  the  digestion  ni 
the  milk-fat  by  infants.  Regarding  the  proteins,  the  praciicil 
point  of  interest  is  as  t(»  how  far  they  are  digested  during  \Wij 
stay  in  the  stomach.  It  seems  probable  that  this  question  dr*- 
not  atlnut  of  a  categorical  answer — that  is,  the  ext-ent  uf  tlic 
digestion  varies  under  different  circumstances;  with  the  consistpiic)' 
of  the  food,  the  duration  of  its  Ktay  in  the  stomach,  etc.  In  wmie 
experiments  reported  by  Tohler  it  Is  stated  that  48  per  cent, 
of  a  given  amount  of  pn)tein  passed  through  the  pyloru.<  as 
peptones  or  prnteose!?,  about  2D  per  cent,  entered  the  intfetit* 
undigested,  antl  20  to  .*iO  per  cent.  \va.s  absorbed  from  the  stomach. 
In  the  li(|ui(l  materia!  (ehyme)  forced  through  the  pylorus  into 
the  duodenum  t>ne  may  find  unchanged  proteins,  primurv  <ir 
seciindavy  pruteo-se-s.  peptones,  or  even  the  final  split  productj* 
of  proteolytic  action.  Tlic  true  value  of  peptic  digestiim  L« 
not  so  much  in  its  own  action  as  in  its  combined  action  with 
the  trj-psin  of  the  panci-eatic  juice.  The  digestion  of  the  proteins 
of  the  food  is  acconijilished  l.iy  both  enzyme.Sj  and  normally  we  are 
ju.stified  in  considering  them  together  as  effecting  a  peptic-tn^ptif 
iligestiou.  The  pi-eliminaiy  digestion  in  the  stomach  is  important 
as  regards  the  protein  foods  from  several  standpoints:  First,  in  the 
matter  of  mechanicnt  preparation  of  the  food  and  its  discharpe  in 
convenient  quantities  ea.'=:i!y  handled  l)v  the  duodenum.  Se<'ond, 
in  the  more  or  lesss  complete  hydralysis  to  peptones  and  proteoetf 
whereby  the  action  of  the  pancreatic  jui<'e  must  he  greatly  acceler- 
ated. Indee<l,  in  some  cases,  this  preliminar}'  action  of  the  pepsin- 
hydrochloric  acid  m;i\-  l)e  absohitely  necessaiy.  Native  proteins, 
such  {IS  ,<ernm-a)bnniin.  are  not  acted  upon  by  tiypsin,  but  if  sub- 
mitte<l  fiist  to  pepsin-hydnx-hloric  acid  they  are  quickly  digested  hj' 
this  enzyme.  Third,  for  some  as  yet  unknown  reason  proteins  sulv 
mitted  to  peptic  digestion  are  split  by  the  tr}q>sin  in  a  way  difletfnl 
fi-om  its  action  on  proteins  witlxnit  this  preliminary  treatment 
The.se  and  other  facts  .seem  to  indicate  that  the  jieptir  digeMion  Is  not 
so  much  an  end  in  itself  as  a  preparation  for  subsequent  intestinal 
digestion.  The  stomach,  therefore,  may  be  removed  without  i 
fatal  re.'^ult.  Several  ca.ses  arc  on  reconl  in  which  the  stomach  was 
prjictically  reinftved  by  surgical  operation,  the  e.sophagU8  being 
stitched  to  the  duodenum.*  The  animals  did  well  and  seeme«i 
perfectly  normal,  although  special  precautions  were  necessary  in 
the  matter  of  feeding. 

Absorption  in  the  Stomach. —  In  the  stomach  it  is  possible  that 
there  may  be  absorption  of  the  following  sutwtances:  Water;  siilt"!; 
sugars  and  dextrins  that  may  have  been  formed  in  salivary  digestion 

*  Ludwig  and  Ogata,  "  Arrhiv  f.  Physiolt^e,"  1883,  p.  89;  Carvallo  »a<^ 
Pachon,  "  Archvvee  de  ip\vya\olop«  norm,  et  pnth.,"  1894.  p.  106. 
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from  starch,  or  that  may  have  been  eaten  as  such ;  the  proteoses  and 
peptones  formed  in  the  peptic  digestion  of  proteins  or  albiuninoids. 
In   addition,   absorption  of  soluble  or  liciuid  substances— drugs, 
alcohol,  etc.,  that  have  been  swallowed^may  occur.    It  was  fonnerly 
assumed,  without  definite  proof,  that  tlie  stomach  absorbs  easily 
■ach  things  as  water,  .salt«,  sugars,  and  }>epton€!vS.     Actual  experi- 
ments, however,  made,  under  conditions  as  nearly  normal  as  possible, 
Htow,  upon  the  whole,  that  absorption  does  not  take  place  readily 
m  the  stomach — certainly  nothing  like  so  easily  i\s  in  the  intestine. 
The  methotls  made  mv  of  in  these  experiments  have  varies  I,  but  the 
kost  interesting  restdts  have  been  obtained  by  establishing  a  fistula 
^  the  duodeniun  just  beyond  the  pylonis.*    After  establishing  this 
fistula  footl  may  be  given  to  the  animal  and  the  contents  of  the 
stomach  as   they  pa.ss  out  ttu-ough  the  pyloric  opening  may  be 
caught  ami  examined. 

WaltT. — Exj)eriments  of  the  character  just  described  show  that 

water  when  taken  alone  is  practically  not  ab9orbe<l  at  all  in  the 

stomach.     Von  Mering's  exixiriments  esfx'cially  show  that  as  soon 

as  water  is  introduceti  into  the  stomacli  it  liegins  to  pass  intfi  the 

pteetine,  being  forced  out  in  a  series  of  spiu-ts  by  the  contractions  of 

stomach.    Within  a  comparatively  short  time  practically  all 

le  water  can  be  recovered  in  this  way,  none  or  ver>-  little  Imving 

n  absorl:>ed  in  the  st-omach.     For  example,  in  a  large  dog  with  a 

:iila  in  the  duodenum,  500  e.c.  of  water  were  given  through  the 

uth.     Witliin  twenty-five  minutes  49J)  c.c.  hud  l>een  forced  out  of 

stomach   through   the    duodenal    fistula.    This  result  is  not 

Me  for  all  liquids;  alcohol,  for  exanii>le,  is  absorbed  reaiiily. 

Salts. — ^The  absorption  of  siilts  from  the  stomach  has  not  lieen 
yestigated   thoniughly.     According   to    Brandl,   sodium   iodid   is 
bed  very'  slowly  or  not  at  all  in  liilute  solutions.     Not  until  its 
khitions  reach  a  concentration  of  'i  per  cent,  or  rfiore  does  its  absorp- 
n  become  im]>ortant.    Tliis  result,  if  apjilieable  to  all  the  S4jhible 
}i;ganic  salts,  would  intlieate  that  under  ordinary  conditiuns  they 
practically  not  absorbed  in  the  stomach,  since  it  can  not  Ije.sup- 
oeed  that  they  are  normally  .swallowed  in  solutions  .so  concentratetl 
3  per  cent.    In  the  same  direction  Meltzer  rejxtrts  that  solutions 
strychnin  are  absorbed  with  difhcidty  from  the  stomach  as  com- 
d  with  the  intestines,  rectum,  or  even  the  pharj'nx.     It  is  said 
,t  the  abst>rj)tion  of  sodium  io<lid  is  very  much  facilitated  by 
le  use  of  condiments,  such  as  mustard  and  pepper,  or  alcohol, 
■hich  act  either  by  causing  a  greater  congestion  of  the  nnicous 
embrane  or  perhaps  by  dire<'tly  stimiilnting  the  epithelial  cells. 

•('<»m|mre  von  Mering,  "  Vorhanill.  dt-s  Congresses  f.  inncre  Med.,"  12, 
ri,  ISOii;  Kdkiiw.  "Jounmi  of  rhysiology,"  13,  445,  1892;  Brandl,  "Zeit- 
ihrift  f.  Biologic,"  29.  277,  1892. 
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Sugars  and  Peptmics. — Experiments  by  the  newer  methods  leave 
uo  doubt  that  sugars  and  pejjtones  can  be  ateorbed  from  tJie  stomadi 
In  von  Mering's  work  different  fomis  of  sugar — dextrose,  lactoae, 
saccharose  (cane-sugar),  maltose,  and  also  dextrin — ^were  tested. 
They  were  all  ahsorlxid,  but  it  was  found  that  alxsorption  was  more 
marked  the  more  concentrated  were  the  solutions.  Brandl  reporti 
that  sugar  (tlextrose)  and  peptone  are  not  sensibly  absorbed  wnlil 
the  concentration  has  reached  5  per  cent.  With  these  subtitaiices 
also  the  ingestion  of  condiments  or  of  alcohol  increases  distinctly  the 
absorptive  processes  in  the  stonmch.  E.\aminatJon  of  the  mucous 
membrane  of  a  stomach  in  full  digestion  shows  that  it  contains 
albumoses  (Glaessner), — a  fact  that  indicates  some  absorption. 
Direct  examination  of  the  stomach  contents*  indicates  tliat  the 
products  of  peptic  action  Ijeyond  the  albimiose  stage — namely, 
the  peptones,  peptids,  and  araino-lx)dies — are  absorbed.  On  the 
whole,  however,  it  would  seem  that  sugars  and  f>eptones  are  ab- 
sorbed with  some  tlifficulty  from  the  stomach. 

Fats. — As  we  have  seen,  fats  probably  undeigo  no  digestive 
changes  in  the  stomach,  except  when  eaten  in  emiiLsifiefJ  form. 
The  piY)ces.ses  of  suponification  and  emul.sification  are  supposed  to 
be  preliminary  steps  to  absorption,  and  these  processes  take  place 
usually  after  the  fats  have  reached  the  smaU  intestine.  The  fat  that 
is  not  acted  upon  at  all  in  the  stomach  is,  of  course,  not  alworbed, 
and  even  those  fats  in  emulsified  form  which  are  partially  saponified 
in  the  stomach  escape  absorption  until  they  reach  the  small  intestine. 
*  Zuna,   'Beitnige  zur  chom.  Physiol,  u.  Pathol.,"  3,  339,  1903. 
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DIGESTION  AND  ABSORPTION  IN  THE  INTESTINES. 

The  food  undergoes  its  most  profound  digestive  changes  in  the 
Uttestines,  and  here  also  the  products  of  tligestion  are  inainly  ab- 
sorbed. The  intestinal  digestion  begins  in  the  duodenum,  and  is  largely 
Completed  by  the  time  that  the  fuud  arrives  at  the  ileoceca)  valve. 
It  is  eflfected  through  the  combined  action  of  three  secretions, — the 
pancreatic  juice,  the  secretion  from  the  intestinal  glands  (succua 
ent«ricus),  and  the  bile.  These  secretions  are  mixed  witJi  the  food 
from  the  duodetuun  on,  so  tluvt  tlieir  action  proceeds  simultaneously. 
For  purposes  of  description  it  is  necessary  to  speak  of  each  more  or 

r  separately. 
The  Pancreas. — ^The  pancreas  forms  a  long,  narrow  gland  reach- 
ing from  the  spleen  to  the  curvature  of  the  duodenum.  Its  main 
duct  in  man  (duct  of  Wirsung)  opens  into  the  duodenum,  together 
■with  the  common  ijile-duct,  about  8  to  U)  cms.  beyond  the  pylorus. 
The  points  at  which  the  duct  or  ducts  of  the  pancreas  enter  the 
intestine  vary  somewhat  in  different  niiunnials.  In  the  dog  there  are 
two  chief  ducts,  one  opening,  together  with  the  bile-iluct,  alxiut  3  to 
5  cm.  below  the  pylorus,  while  a  secontl  enters  the  duodermni  some 
3  to  5  cms.  farther  down.  In  rabbits  the  principal  pancreatic  duct 
opens  sejjarately  into  the  duodcniun  alxnit  35  cms.  Ijelow  the  opening 
of  the  bile-duct.  The  pancreas  is  a  conifxnind  tubular  gland  like 
the  salivary  glands.  The  cells  lining  the  secreting  portion  of  the 
tubules,  the  alvec^li,  telong  to  the  serous  or  albuminous  type.  They 
are  characterized  by  the  fact  that  the  outer  portion  of  each  cell  is 
composed  of  a  clear,  non-granular  material  which  stains  readily, 
while  the  inner  portion,  the  jxtrtion  facing  the  lumen,  contains 
numerous  granules.  Histological  study  of  the  gland  after  active 
secretion,  as  compared  with  the  resting  state,  has  shown  verv*  con- 
clusively that  these  granules  represent  a  preparatory  material  for 
secretion.  As  the  .secretion  proceeds  the  granules  are  dLssoIved 
and  discharged  into  the  hunen,  while  during  the  periotis  of  rest  new 
granules  are  formecl  by  metabolic  processes  at  the  expense,  appar- 
ently, of  the  non-granular  umteria!  in  the  ba.sal  portion  of  the  cell. 
(HeidenhaiUf  Kiihne,  I>ea).  The  histological  picture  of  secretion 
ia  in  general  the  same  in  this  as  in  the  8alivar>'  and  gastric  glands, 
only  .somewhat  more  distinctly  shown.  On  the  supposition  that  the 
granules  constitute  an  antecedent  material  from  which  the  enzymes 
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of  the  secretion  are  formed  they  are  f requoitly  deaignated  as  iyBM>> 
gen  granules.  The  pancreas  contains  also  certain  peculiar  groopiiif 
cells,  the  islands  (or  bodies)  of  Langeriians.  These  eeXk  jmibibljr 
have  nothing  to  do  with  the  digestive  activity  of  the  panerai- 
Their  supposed  function  is  referred  to  in  the  sections  on  Liteml 
Secretions  and  Nutrition. 

Composition  of  tibie  Secretioii. — The  pancieatie  seeietian  m  u 
alkaline  liquid  which  in  some  animals  is  thin  and  limpid,  in  otim 
thick  and  ^aiiy.  The  secretion  in  man  bdongs  to  the  fonuer 
type;  it  is  described  as  watn^dear  and  as  haviiig  a  q)ecific  gravity  of 
1.0075.  Tlie  secretion  may  be  collected  l^  opening  the  abdonm 
and  inserting  a  cannula  directly  into  the  duet,  ot  a  pennaiient 
fistula  may  be  made  by  the  method  of  Pvtdow.  This  method, 
apidicable  to  the  dog,  consists  in  cutting  out  a  small  portion  of 
the  duodeniun  where  the  pancreatic  duct  opens  and  then  auturing 
this  piece,  the  mucous  membrane  outward,  into  the  abdominal 
wall.  The  secretion  in  this  case  pours  out  upon  the  exterior  and  may 
be  collected.  The  animal,  however,  BoBen  nutritive  distuzbaneeB 
from  the  loss  of  the  secretion,  and  requires  careful  dieting  and  atten- 
tion. The  secretion  of  the  human  pancreas  has  been  oolleeted  in  a 
sin^e  case*  in  which  for  a  few  days  it  was  neoeasaiy  to  drain  off  the 
pancreatic  juice  to  the  exterior.  From  the  observations  made  in  this 
case  it  appears  that  the  secretion  in  man  is  quite  abundant,  amount- 
ing to  500  to  800  c.c.  per  day.  In  the  cow  (Delezenne)  from  1|  to  2 
liters  may  be  collected  in  the  course  of  a  day.  The  secretion  poaacjocs 
a  strong  alkaline  reaction,  due  to  the  presence  of  sodiimi  carbonate; 
it  contains  also  a  small  amount  of  coagulable  protein  and  a  number 
of  oiiganic  substances  in  traces.  The  important  constituents,  how- 
ever, are  three  enzymes  or  their  z>7nogens, — namely,  tr>7)6in,  a 
proteolytic  enzyme;  pancreatic  diastase  (amylopsin),  an  amylolytie 
enzyme;  and  li|)ase  (steapein),  a  lipolytic  enzyme.  Some  authors 
state,  also,  tliat  the  secretion  contains  a  rennin  enzyme.  GlaesBoer 
reiMtrts  that  he  got  no  evidence  of  this  last  enzyme  in  human  pan- 
creatic juice. 

Secretory  Nerve  Fibers  to  the  Pancreas. — ^The  pancreas 
receives  its  nerve  suj^ply  immediately  from  the  celiac  plexus,  but 
stuuulation  of  the  nerves  going  to  this  plexus — namely,  the  spl^nrh- 
iiics  anil  tlie  vap — have  given  negative  results  in  the  hands  of  most 
observers  sii  far  as  the  pancreatic  secretion  is  concerned.  Pawlow  t 
and  his  coworkers  claim  to  have  Ixvn  more  successful.  Mechanical 
stimulation  or  elec'trical  stimulation  of  the  vagus  or  splanchnic  gave 

•  See  (ilaCKxner,  "ZeitHohrift  f.  piiymol.  Chemie,"  40,  465,  1903. 

t  Fi>r  rc<«iit  work  iiix>n  the  pancreas  and  the  literature  see  Ihiwlov, 
"The  Work  of  the  Difcentive  ClandM,"  translation  by  Thommm,  1903;  Baf' 
li.SK  and  Starlinft.  "  Journal  of  Physiology,"  30,  61,  1904;  Waher,  "Althiw 
detf  srienres  bioloKiquen,"  7,  1,  <899. 
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them  a  marked  How  of  paucroiitK*  juu;e,  out  wncn  ine  latter  torm  ol 
stimulus  was  used  upon  the  splanchnic,  it  wius  necessary  to  cut 
the  nerve  some  days  previously  in  order  that  the  vasoeonstrictor 
fibers  might  degenerate.  The  secretion  provoked  by  stimulation 
of  the  vagus  Ls  more  easily  obtained  when  the  stimulus  is  applied 
to  the  nerve  in  the  thorax  below  the  origin  of  the  branches  to  the 
lieart.  The  secretion  obtained  upon  stimulation  of  the  nerves 
IB  characterized,  as  in  the  case  of  the  gastric  glauds,  by  a  long 
latent  period  4if  some  minutes, — a  fa<*t  that  is  explained,  although 
not  satisfactorily,  on  the  assumption  that  the  nerve  trunks  stimu- 
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^g.  'Mfi.—FoUT  curves  of  the  aeeretion  of  the  pancreatic  juice,  the  (hre«  in  blaok. 
from  Walter,  sbowiDg  the  Becretion  in  doi^  an  tlifferent  iJicL-t:  (1)  on  600  o.o.  of  milk:  (2) 
on  2W  Kiua.  bread:  (3)  on  100  kris.  of  meat.  The  curve  in  red,  from  Glaestner,  ahowa 
the  aeeretion  in  man  on  a  iDixeddiet,  3a\i\t.  meat^  and  broad,  llie  fiffures,  1,  2,  3  eto., 
alooc  tbe  abadasa  indicate  bnurs  after  the  beKinning  of  the  meal.  The  fijninHi  along  tha 
«fdinat«a  indicate  the  quantity  of  the  lecretion  in  cubic  centimetera. 

lated  contain  both  secrctorv'  and  inhibitory  fibers  and  that  the 
antagonistic  action  of  the  latter  delays  the  appearance  of  the 
secretion.  These  ob.servatit>njs  have  been  taken  as  proof  of  the 
existence  of  secrptory  nerve  filters  to  the  pancreas,  the  fibers 
running  chiefly  in  the  vagus  nerve. 

The  Curve  of  Secretion. — The  rate  of  flow  of  the  jvancroatic 
juice  with  reference  to  the  period  of  digestion  has  been  deterinine<i 
by  a  number  of  observers.  In  the  careful  ex]>erinients  reported  by 
Walter  it  is  shown  that  tlie  (quantity  of  secrtrtion  is  depenrlent  to  a 
considerable  extent  upon  the  character  of  the  food.  Thus,  the 
flow  is  more  aliundant  and  reaches  its  maximum  scK)ner  after  n 
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meal  of  bread  alone  than  after  a  meal  of  meat  alone.     I 

possible  that  the  tatter  point,  the  time  at  which  the  maxim 

is  reached,  may  depend  upon  the  difference  in  rate  at  which  thtte 

foods  are  ejected  from  the  stomach.    Cannon  (p.  712)  has  shown  thai 

the  carbohydrate  foods  leave  thesiomach  sooner  than  the  proteins  or 

fats.     It  is  stated,  however,  that  the  composition  of  the  secretion 

varies  also  with  the  cliaracter  of  the  food,  and  indeed  shows  an 

adaptation  to  the  character  of  the  food.    The  secretion  cau8e<J  by 

protein  food  is  especially  rich  in  trypsin,  that  caused  by  fatty  food 

in  tijia-se,  etc.    The  mechanism  by  which  this  adaptation  is  secured 

is  not  iinderstr)0(l,     CJlaessner*  has  measured  the  rate  of  fiow  in 

man,    and   liis    curve    for  a   mixeci    diet   is  represented  also   (in 

red)  in  Fig.  296.    These  curves  indicate  in  general  that  the  secretioQ 

of  pancreatic  juice  Ijegiiis  very  soon  after  food  enters  the  stomach, 

and  increases  rapidly  to  a  inaxinumi,  which  is  reached   somewhere 

between  the  second  and  fourth  hour.    According  to  Glaessner's 

case,  there  is  a  continuous  smaU  secretion  of  the  juice  during  £mi- 

ing.    The  observations   on    dogs,    on  the   contrary',    indicate  an 

entire  cessation  of  the  flow  when  the  stomach  is  empty. 

Boldirefft  hsa  reporteii  a  ■\-ery  curioua  activity  of  the  cligeeti\-«  orgaiu 
during  fasting.  It  seeni.H  that  (in  dop)  when  the  stomach  or  «veo  tb«  null 
intestine  is  cmpt}'  the  entire  gzLstro-intestinal  canal  exhibits  penodind  <mt- 
bnaks  of  activity,  wlucli  oec-ur  at  iniervalu  of  two  iiours  and  last  for  l^-entv 
to  thirty  niiiiutes.  During  this  stage  the  stomach  and  inteetines  exhibit 
movements,  ami  there  is  an  abundant  eecretion  of  pancreatic  juif r  ^  '■'-  -  1 
inlesrtinal   juice,  which    \f*   subsequently    al>f«orl)e<i.     -Acids    intr. •  i 

the  stomach  or  intestines  prevent  the  occurrence  of  these  perio<l- 
are  a^«ont,  therefore,  as  long  a.<t  the  stomach  contains  gastric  o 

authorV  HUggestion  that  the  .secretiori.s  thus  formeti  furnish  acti^  ■    ■  <r» 

which  are  absorljod  into  the  blixid  and  utilize<l  by  the  ti^ues  in  (i«MLroyio( 
the  newly  al>!«orl>cd  food  does  not  commend  itself  as  probable. 

Normal  Mechanism  of  the  Pancreatic  Secretion — Secretin. 
— Mtich  light  was  thrown  upon  the  mechanism  of  {mncreatic  secrctioa 
by  the  disco ver>'  (Doiinsky,  1S95)  that  acids  brought  into  contact 
with  the  mucous  membrane  of  the  duodemmj  set  up  promptJy  a 
secretion  of  pancreatic  juice.  Since  this  discoverj*  it  has  .been  be- 
lieved tliat  the  acid  gastric  juice  is  the  means  tiiat  scn'es  to  inaugumte 
the  flow  froni  the  pancreas.  As  soon  as  any  of  the  aci<i  conteats 
the  stomach  jiasa  through  the  pylorus  this  action  begins.  Just  as 
chewing  and  8%vallo\nng  of  the  food  initiate  the  gastric  aeoretkiQ,  so 
the  acid  of  the  latter  start.s  the  pancreatic  secretion.  AsBumtiu; 
that  the  pancreatic  gland  possesses  wcretory  fibers  it  waa  thought  at 
first  that  the  acid  acts  rellcxly  through  these  filters — that  ia,  the  add 
in  the  duixleniuti  acting  upon  sonsoiy  endmgs  causes  a  reflex  fdmu* 
lation  of  the  efferent  sei-retory  fil)ers.  It  ha.s  been  shown,  however, 
that  the  same  effect  takes  place  after  section  of  the  va^ua  aait 

•  niaewner,  IrK.eii. 

t  BoldirefT,  ".Arrhivoa  de»  acieDces  biolociquaa,"  II,   I.    I908l 


Diyiii^KiJ  !jy 


I 


I 


I 


splanchnic  nerves  (Popielski),  and  Bnyliss  and  Starling  *  have  calletl 
attention  to  another  more  probable  explanation.  These  authors  find 
that  if  the  mucous  membrane  of  the  duodenum  (or  jejunum)  ia 
scrapeti  off  and  treated  with  arid  (0.4  per  cent,  HCl)  the  extract 
thus  made  when  inject^ed  into  the  blood  seta  up  an  active  secretion  of 
pancreatic  juice.  They  have  shown  that  this  effect  is  due  to  a  si>ecial 
substance,  secreiin,  wtiich  is  formeil  by  the  action  of  the  acid  upon 
some  substance  (proseeretin)  present  in  the  miicous  membrane. 
Secretin  is  not  an  enzyme,  since  its  acti\ity  is  not  destn>yed  b}'  boil- 
ing nor  by  the  action  of  alcohol.  The  experimental  evidence  at 
present  favors  the  view  that  the  normal  sequence  of  events  is  as 
follows:  The  acid  of  the  gastric  juice  upon  reaching  the  duodeniun 
produces  secretin;  this  in  turn  is  absorbed  by  the  blood,  carried  to 
the  pancreas,  and  stimulates  this  organ  to  activity.  The  pan- 
creatic secretion  furnishes,  therefore,  a  second  example  of  the  group 
of  substances  designated  by  Starling  as  hormones  (p.  765) .  Accord- 
ing to  the  evidence  at  present  in  our  possession  we  nmst  believe 
that  the  pancreatic  secretion,  like  the  gastric  secretion,  consists 
of  two  parts:  1,  A  furvous  secreiioi}  caused  by  the  secretory 
fibers  in  the, vagus  and  splanchnic;  2,  a  chemical  secretion  due  to 
the  action  of  the  secretin.  These  two  secretions  are  said  to 
prasent  quite  different  characters.!  The  former  is  thick,  opales- 
cent, rich  in  ferments  imi\  proteins,  but  pnor  in  alkalies.  The 
trypsin  contained  in  it  may  be  secreted  in  active  form,  and  the 
secretion  is  susixsnded  by  the  action  of  atropin.  Administration 
of  pilocarpin,  on  the  contrary,  excites  this  secretion.  The  chemical 
secretion,  on  the  contrary,  i.s  thin  and  watery,  contains  relatively 
little  fern;ent  or  proteins,  and  is  ricti  in  alkali.  The  trpysin  in 
it  is  secreted  in  mactive  form  (see  next  paragraph),  and  the 
secretion  is  not  affecte<l  by  the  atlministration  of  atropin.  The 
normal  relation  of  these  two  forms  of  secretion  in  an  ordinary 
meal  is  not  so  apparent  jvs  in  the  case  of  the  gastric  secretion,  but 
will  doubtless  !>e  made  clear  by  sul>Hequent  work. 

Activation  of  the  Trypsin — Enterokinase. — It  was  discovered 
in  Puwiow's  laburjitnry  (riiepowulnikow)  that  the  pancreatic  juice 
obtained  from  a  fistula  nray  liave  little  or  no  digestive  action  on 
proteins,  but  if  brought  intf>  contact  with  the  duodenal  membrane 
or  an  extract  of  this  membrane  it  shows  at  once  powerful  pro- 
teolytic properties.  This  discovery  has  been  confirmed  repeatedly. 
Evidently  the  proteohi;ic  enzyme  of  the  juice  is  secreted  in  a 
zymogen  or  pro-enzyme  form  (trypsinogen),  which  is  activated  or 
converted  to  trypsin  by  something  contained  in  the  mucous  mem- 

•  Bayliss  and  Starling.  'Journal  of  Physiologj',"  28.  235,  1B02. 

t  Sawitsch,  "Zentralblatt  f.  d.  gcs.  PUysiol.  u.  Pathol,  d.  Stoffwechselx," 

10, 1,  iwjy. 
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brane  of  the  sma.!l  intestine  (duodenum^  jejunum).  This  something 
Pawlow  supposed  is  an  enzyme,  antl  since  its  aftion  is  on  another 
enzyme,  "a  ferment  of  ferments,"  he  designatetl  it  as  a  kinase 
or  enterokinase.  The  action  of  tlie  enterokinase  is  very  prompt 
antt  decided  and  was  supposetl  to  he  specific,  but  later  obsenm 
(Delezenne-Zunz)  state  that  an  inactive  pancreatic  secrctidti 
may  be  activated  by  a  number  of  salts,  especially  those  of  calcium 
and  magnesium.  The  physiological  value  of  this  very  interesting 
r«;Iation  is  not  dear,  but  it  seems  possilde  that  it  may  serve  to 
protect  the  living  tissues  from  the  powerful  digestive  action  of 
the  trypsin.  Tlie  other  enzymes  of  the  pancreatic  juice,  the 
diastase  and  the  lipase,  are  secreted  in  part,  at  lea.st,  in  active 
form. 

The  Digestive  Action  of  Pancreatic  Juice. — The  digestive 
action  of  the  secretion  depends  u[>oji  the  three  enzymes,  tr>'psin, 
disistase  (amylase),  and  lipase.  The  specific  effects  of  each  may 
be  considered  separately. 

Action  o/  Trypsin. — The  activated  trypsiriogen  causes  hydrolytic 
cleavage  of  the  protein  molecule  in  a  manner  analogous  U)  tbat 
described  for  pepsin.  Its  action  differs  from  that  of  pepsin,  however, 
in  several  respects.  It  attacks  the  protein  in  neutral  as  well  as  in 
slightly  acid  or  markedly  alkaline  solutions.  Its  effect  upon  the 
protein  is  more  rapid  and  powerful  than  that  of  pepsin  and  the 
protein  molecule  is  broken  up  more  completely.  As  was  said  in 
describing  the  action  of  pepsin,  it  and  the  trypsin  really  act  to- 
gether— the  change  l)egun  by  the  pepsin  Ls  complet-ed  by  the  trsTr- 
sin.  The  preliminary  action  of  the  pepsin  not  only  hastens  that  of 
the  trj'psin,  Ijut  to  some  extent  alters  it ;  a  protein  submitted  first 
to  pepsin  and  then  to  trv-psin  is  more  completely  l>roken  up  than  if 
the  trj'psiu  acted  alone.  The  steps  in  the  hydrolysis  of  the  pn)tein 
molecule  by  irj'psin  have  been  the  subject  of  a  very  great  amount  nf 
study,  and  views  as  to  the  details  have  changed  somewhat  from 
time  to  time.  It  would  seem  that  the  trypsin,  like  the  pepj'in- 
hydrolyzes  the  sim]>le  proteins  first  to  a  proteose,  and  then  to  a  pl>- 
tonc  stage,  but  the  latter  product  may  be  split  still  further  into  a 
varic^ty  of  simpler  bodies,  the  number  and  character  of  which  de- 
pend on  the  amount  of  trv'psin  and  the  time  that  it  acts.  Aft«r 
a  prolongptl  pancreatic  digestion  no  peptone  or  peptone-like 
body  can  be  fouml;  in  fact,  no  substance  which  gives  a  biuret  reftf- 
tion.  Under  such  conditions  the  protein  molecule  is  broken  up  vcr>' 
completely  into  a  great  number  of  smaller  molecules,  many  <»f 
which  have  been  identified,  while  some  have  as  yet  escaped  de- 
tection so  far  as  their  chemical  structure  is  concerned.  The  actual 
products  formed  depend  on  the  length  of  time  the  trypsin  is  allowed 


Digitized  by 


Google 


I 


I 


'avorable  or  unfavorabte,  under  which  it- 
acts.  The  einl-jirodiu'ts  usually  ohtaineii  most  easily  are  tyrosin, 
leucin.  aspartic  aciti,  gliitaminip  arid,  tryptophan,  lysin.  arginin, 
histidin.  The  first  two  of  the.se  siibstiint'es  have  l>eeii  known  for  a 
long  time  and  may  be  obtained  easily  in  crystalline  form  from 
pancreatic  clige-stions.  If  the  trv'psin  is  allowed  to  exert  it.s  complete 
action  upon  the  protein  the  end-prndncts  are  rlosely  similar  to  tho.se 
obtained  by  iMiilinfi  protein  with  acids.  The  hydrolysis  caused 
by  the  acidB  and  by  the  trypsin  seems  to  be  nearly  identical,  although 
that  causeti  by  the  acids  is  {■>robab!y  more  complete,  and  perhap.s 
is  attended  by  .secondary  reactions,  since  the  sjilit  products  uf  a 
complete  acid  hydruly^i-s  when  fed  to  an  uuiinal  give  a  different. 
result  from  those  obtainetl  from  a  complete  trypsin-hydrolysis 
(see  p.  877).  The  numercms  products  obtained  by  ttii.s  complete 
hydrolysis  consist  cliiefly  of  amino-acids — that  is.  organic  acids 
containing  one  <u-  more  amino-groups  (NH.)  in  direct  union  with 
carbnn.  The  nitrogen  of  the  pnnteiir  innlecule  appears  in  tlie 
split  products  in  this  form  and  also  partly  as  amnumia  compounds. 
Some  of  the  amino  bodies  are  monimiino-acid.i — that  is,  contain 
one  NHj  group,  such  as  leucin,  tyrosin,  glycin — and  inrhule  suli- 
stances  belonging  to  the  fatty  acid  series  (;dij)hatlc  series),  the 
benzent  or  carbocyclic  series,  and  the  heteriicyclic  series.  Others 
are  the  so-called  diamino-acids  which  exhibit  marked  basic  prop- 
erties and,  therefore,  are  frequently  described  as  nitrogenous 
bases,  and  sometimes  as  th(!  tiexon  ba.ses,  since  they  contain  six 
carlxin  atoms.  This  group  coasista  of  leucin,  arginin,  and  hys- 
tidin. 

The  chemical  formiilu.s  fur  snim-  nf  tlifso  hoiiiea  are  as  follows.  For  tlicir 
properties  and  di«.'mit'ul  rchititiiiKliips  n^fcTTiiro  must  Lx;  iiuidr  to  tlie  text- 
DooKK  on  physiologic.ll  rlipriiistry  iwn;  alfso  .\ppetidi.\,  I  liemistry  of  Prot«ixu5, 
for  a  more  complete  list): 

I.    MtiN'AMINO-BODIEfl. 
FATTY    ACID   SKUIES, 

Glyrin  or  amino-acetic  acid:  rHjNH,('0(Hi.  Tliis  prt»<luct  is  obtained 
in  e-<|MTially  brge  quuiititit*  hy  hydrolysis  of  i^cUitin.  According 
to  AJiclcrhalden.*  it  is  split  off  witli  difficulty  Ijv  trypsin. 

Ahinin  or  n-ariiinnjiropinnM-  acid:  t'Hjl'HNH/XM)!!. 

Valin  or  aminii\'alcrianic  acid:  ,>ti*>t'H("H\H3r(X*H. 

Leucin   or  amioocaproio  acid:    p||»"^CHCH,CH>'HjCOOH,     As  stated 

above,  this  niinfvotirid  was  one  of  tlie  first  end-i>rfKliirt.s  of  protein 
hyflrolv!«i-i  that  wiis  rocoguixe*!.  It  niay  l^e  obtauied  readily  io 
crystalline  form. 

*  Ab<lerhaldcn,  "Zcit*iclirift  f.  phymol.  Cheniie,"  44,  17,  1905.  Consult 
for  g«»nerai  description  of  the  tligtiition  of  proteins. 
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CBKOfiOOH. 
Aspartiie  or  anunosuceinio  add;     | 

C^COOH. 

Glutamimc«id:  CH,/^g^H 

BBNZSmi  OR  ABOICATXC  BBBXM. 

l^Tosin  (panrozyphenylandnopropioilie  add) :  CVHiOH .  CH^ .  CHN^ 
COOH.  This  subetanoe  was  also  among  the  mit  raoogmsBd  prao* 
uots  of  protein  hydndyns  It  occun  eaii/  in  the  nroce—  of  psa* 
creatio  digeeticm,  and  is  eanly  obtained  m  crystalline  form  noa 
the  digested  mixture.  It  is  espedally  interesting  beeanse  of  the 
presence  of  a  bensene  nucleus,  thus  giving  proof  that  the  benMBi 
grou{Mng  occurs  normally  in  the  protein  molecule. 

Fhenylalanin  fidMnyUudBoproiHonic  add) :  C;H^CS/3HNH/X)0H.  Tliii 
beniene  derivative  is,  according  to  Abderiialden,  qilit  off  fnm  tbi 
protein  with  difficulty  by  the  action  of  trypsin,  althtwigh  raaiffly 
I^oduoed  by  add  hytuoljrda. 

PTBBOL  AKD  INDOL   BBBUC8. 

C!H,— <3H, 

Prolin  or  o-pyrrolidin  carboxylio  add:  CH,    CHOOOH.     lliiB  mbetaiwsb 

\/ 
NH 
discovered  first  by  Fischer  among  the  products  of  add  hydrolysis  of 
proteins,  has  since  been  shown  to  occur  in  tryptie  disertion.  Like 
the  glyein  and  phenyUlanin,  it  is  produced  witli  difiBetuibr  by  tiypan 
acting  alone,  but  more  readily  if  the  tryptio  action  foDows  upoa 
previous  peptic  digestion,  as  is  the  case  in  the  bodv. 

Tryptophan  (indolaminopropionie  add) :  This  substance  nas  long  been  ncog- 
niwd  among  the  products  of  tryjfttie  digestion  by  the  reddisb-vioki 
color  (Tiedemann  and  Gmelin,  1826)  observed  upon  the  addition  of 
chlorin  or  bromin.  Its  chemical  stnicture  was  determined  by  Hopkini 
and  Cole  (1901).  According  to  EUingcr,*  tryptophan  is  an  mdol- 
amino-propionic  acid  of  the  formula    C.CHCXX>HCHaNHf 


:.H,<^ 


NH 

When  fed  to  dogs  it  causen  the  appearance  of  kynurenic  add 
(C„HtNO,)  in  the  urine. 

It  is  interesting  as  showing  the  existence  of  an  indol  groupog 
in  the  protein  molecule. 

II.  The  Diamino-bodies  (Hexon  Bases). 

Lynn   (a-«-diaminocaproic  acid):   CiHmNjOi  or  CH,NH,(CH|)jCHNHj- 

COOH. 
Aiginin  (guanidin  a-aminovalerifuiic  add):  C|H,4N40,  or  XHCNHjXH* 
CH,(CH,),CHXH^OOH. 

Histidin:  C.Ii,N.O,  (imidazolaminopropionic  add). 
/NH-CH 
CH^  11 

^N    — C-CH,CHNH,COOH. 

The  Significance  of  Tryptie  Digestion. — It  was  formerly 

supposed  that  the  object  of  peptic  and  tryptie  digestion  is  to  con- 
vert the  insoluble  uiid  non-dialyzable  proteins  into  the  simpler, 
more  .toluhle,  and  mon;  diffusible  peptones  and  proteoses.    In  this 
*  KlUiucer.  "  Zcit8chrift  f.  phyaiol.  Chemie,"  43,  325,  1904. 
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way  absorption  of  protein  material  was  explained.  This  view, 
however,  is  not  sufficient.  On  the  one  hand,  it  has  not  been  possible 
to  prove  conclusively  that  peptones  or  proteoses  are  found  in  the 
blood;  on  the  other  hand,  a  better  knowledge  of  the  processes  of 
tryptic  or  of  peptic-tryptic  digestion  has  shown  that  the  hydrolysis 
does  not  stop  at  the  peptone  stage;  the  protein  molecule  is  split  into 
a  number  of  simpler  crystaHine  substances,  the  various  amino- 
bodies.  At  present  different  views  exist  as  to  the  extent  of  this 
latter  process.  Some  believe  that  the  protein  molecule  is  entirely 
broken  down  into  its  so-called  end-products,  and  that  in  order  to 
serve  its  nutritive  function  these  products  or  some  of  them  must  be 
synthetically  combined  again  durinjr  or  after  absorption.  This  view 
is  supported,  moreover,  by  the  discover}-  of  the  existence  of  the 
enzjTne  erepsin  (see  below)  in  the  intestinal  nnuosa.  The  action  of 
this  latter  enzyme  is  exerted  especially  upon  the  albumoses  and  pep- 
tones, breaking:  them  down  into  the  amino-acids,  so  that  apparently 
whatever  peptone  or  albumose  may  escape  the  final  action  of  the 
tr>T)sin  l^efore  absorption  is  likely  to  be  acted  upon  by  the  erepsin 
before  reaching  the  blootl.*  Another  interesting  view  is  that  sug- 
gested by  Abderhalden.f  According  to  this  author,  the  hydrolysis 
of  the  protein  by  pepsin  and  trypsin  (and  perliaps  by  erepsin)  is  not 
complete.  Many  ainino-hndies,  such  as  tyrosin,  leucin,  arginin,  etc., 
are  split  off  from  the  protein  molecule,  but  there  remains  beiiind 
what  one  may  call  a  nucleus  of  the  original  molecule,  which  serves  as 
the  starting  point  for  a  .siynthesi.s.  This  nucleus  is  a  siiiistance  or  a 
number  of  substances  intermediate  between  the  peptone  and  the 
simpler  end-products,  and  is  spoken  of  as  a  pcptid  or  poK-peptid 
(see  Appendix).  Abderhalden  has  shown  that  in  tryptic  digestion 
such  substances  are  formed — that  is,  substances  which  ar*'  nut 
peptones,  since  they  no  longer  give  the  bturnt  rfaction,  but  which 
have  a  certain  complexity  of  structure,  since  upon  hydrolysis 
_  with  acids  they  split  into  a  number  of  monamino-  and  diamino- 
■  bodies,  A  schema  of  i>eptic-tryptic  dig*^tion  from  this  .stand[)oint 
I  may  be  given  as  follows: 

r 


I 


Native  proteni. 
Peptone. 


Polypeptid. 


Tyrosin,  leucin,  glutaminic  acid,  aspartic  acid, 
a-pyrrolidincarboxylioacid,  tryptophan,  etc. 
Arginin,  lysiu,  histidin, 

•Vernon  ("Journal  of  Physiology,"  30.  330.  1904)  bclievca  that  the 
pancreatic  necrction  rmiliiinH  two  proteolytic  eniynies — trypsin  proper, 
which  converts  the  protein;*  to  peptones,  utid  pancreatic  erepsin,  which  hrealu 
up  the  peptonea  into  the  simpler  end-products,  the  amino-DodieB. 

t  ADOcrhalden,  loc.  cit. 
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From  either  of  the  points  of  view  presented  it  may  be  suggested  ihii 
the  value  of  this  more  or  less  complete  splitting  of  the  protein  o(the 
food  lies  in  the  possibility  that  thereby  the  body  is  able  to  constnirt 
its  own  peculiiir  tyj)e  of  pi-otein.  M;iny  different  kinds  of  proteins 
are  taken  as  food  and  many  of  them  if  introdured  directly  into  the 
blood  act  as  foreign  material  incapable  of  nourishing  the  tissue- 
If  these  proteins  are  broken  down  more  or  less  completely  durinj 
cUgestion  the  tissue  cells  may  reconstruct  fnjm  the  pieces  a  fonnoJ 
protein  adaptable  to  their  neetls,  and  mfire  or  less  characteri'itic 
for  that  particular  organism.  This  general  point  of  view  w  gaining 
ground  in  recent  years  and  h:is  ohtaincil  nmch  support  from  the 
fact  that  an  animal  may  be  nourished  pn-operly  on  a  diet  in  which 
the  protein  of  the  foi)d  is  entirely  replaced  by  the  split  produrts 
of  a  ounij)lete  f>anrreatic  digestion  (see  p.  877). 

Action  of  the  Diastatic  Enzyme  CAmyiase)  of  the  Pan- 
creatic Secretion. — This  enzyme  is  found  in  the  secretion  of  thn 
pancreas  or  it  may  be  extracted  from  the  gland.     Its  action  upn 
Btarchy  foods  is  closel>'  similar  to  or  identical  with  that  of  ptyaHn. 
It  canses  an  hydrolysis  of  the  etarch  with  the  production  finally  of 
maltose  and  aclirootlextrin.    Before  absorption  these  substADcee  are 
further  acted  upon  by  the  maltase  of  the  intestinal  secretion  ami 
crmvertcsl  to  dextrose.     The  starchy  food  that  escajies  tligestion  '^■^ 
the  mouth  anil  stomach  becomes  mixed  with  this  enz\7ne  in  i^ 
duo<lenura,  and  from  that  time  until  it  reaches  the  end  of  the  larg*^ 
int-estine  conditions  are  favorable  for  its  conversion  to  maltose  i^^ 
tlextrin.    JInst  of  this  digestion  is  probably  completed,  under  norf*^ 
conditioiis,  before  the  conteids  of  the  intestinal  canal  re^ch  the  il^*^ 
cecal  valve. 

Action  of  the  Lipolytic  Enzyme  (Lipase,  Steapsin). — 'l~^ 
importance  of  the  pancreatic  secretion  in  the  digestion  of  fats  ^^** 
first  clearly  stated  by  Bernard  ( 1 849).  We  know  now  that  this  sec*^ 
tion  contains  an  active  enzyme  capable  of  hydrolyzing  or  saponifyi*8 
the  neutral  fats.  These  latter  bodies  arc  chemically  esters  of  t-^^ 
trihydric  alcohol  glycerin.  When  hydrolyzed  they  break  up  itb-'^ 
glycerin  and  the  constituent  fatty  acid.  The  action  of  lipase  n*^y 
lie  represented,  therefore,  by  the  following  reaction,  in  the  case  ** 
palmitin: 

C*H,{C,,H^,COO),  +  3H,0  -  C,H.(OH),  +  3(C,.H^COOH) 
Pklmitin.  Glycerin.  Falmiue  bcUL 

When  lipase  from  any  source  is  added  to  neutral  oils  its  splitti 
action  is  readily  recognized  by  the  development  of  an  acid  reacti' 
due  to  the  formation  of  the  fatty  acid.     If  a  bit  of  fresh  pancre^^^ 
is  addeti  to  butter,  for  example,  and  the  mixture  is  kept  at  the 
temperature  the  hydrol}'sis  of  the  fats  is  soon  made  e\ident  by 
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rancid  odor  due  to  the  butyrir  acid  produced.  When  pancreatic 
juice  is  mixed  •vvith  oils  or  liquid  fats  two  phenomena  may  i>e 
noticed :  first,  the  splitting  of  the  fat  already  referred  to,  and,  second, 
the  emuisification  of  the  fat.  The  latter  pmccgs  is  van'  striking. 
An  oil  is  emulsified  when  it  is  broken  up  into  minute  globules  that  do 
not  coalesce.  Artificial  emulsions  may  be  made  by  vigorous  and 
prolonged  shaking  of  the  oil  in  a  viscous  solution  of  soap,  muci!age, 
etc.  Milk  may  be  regarded  as  a  natTiral  emulsion  that  separates 
slowly  on  standing,  as  the  fat  rises  to  the  top  to  form  the  cream. 
When  a  little  pancreatic  juice  is  adiled  to  oil  at  the  lx)dy  temperature 
the  mixture,  after  standing  for  some  time,  'will  emulsify  reaclily  with 
ver\'  little  shaking  or  even  spontaneously.  It  is  now  known*  that 
the  emuisification  is  due  to  the  formation  of  .soaps.  The  lipase  splits 
some  of  the  fats,  and  the  fatty  acid  liberated  combines  with  the 
alkaline  .salts  present  to  form  soaps.  The  emuisification  prothiced 
under  these  conditions  is  verv  fine  and  quite  pennanent,  and  it  was 
formerly  believed  that  the  fontiation  of  this  emulsion  is  the  main 
function  of  the  pancreatic  juice  so  far  as  fats  are  concerned.  It  was 
thought  that  in  the  form  of  fine  tlrojilets  the  fat  nrny  be  taken  up 
directly  by  the  epithelial  cells  of  the  villi,  and  this  view  was  supixjrted 
by  the  liistological  fact  that  tiuriug  the  digestion  of  fats  the  epithelial 
cells  may  be  shown  to  contain  fine  oil  drops  in  their  interior.  The 
tendency  of  recent  work,  however,  has  been  to  indicate  tlmt  the  fats 
arc  completely  split  into  fatty  aciils  and  glycerin  before  absorption, 
antl  that  the  enuilsificatiori  may  l>e  regarded,  from  a  [physiological 
standpoint,  as  a  mechanical  prejmratinn  for  the  action  of  the  lipase 
rather  than  as  a  direct  prej>aration  for  the  act  of  aijsorption.  The 
two  products  of  the  action  of  the  lipase,  the  glycerin  and  the  fatty 
acid,  are  abiiorl)ed  by  the  epitheUum  and  again  combined  to  form 
neutral  fat.  It  is  very  pmbuble,  moreover,  that  during  this 
synthesis  the  fatty  acitls  are  cmnbined  with  the  glycerine  in  such 
proportions  as  to  make  for  the  most  part  the  fat  characteristic 
of  the  animal,  fat  of  a  high  melting-point  in  the  case  of  the 
sheep,  for  example,  and  of  a  lower  melting-point  for  the  dog. 
In  connection  with  this  fact  of  a  synthesis  of  the  split  products 
to  form  neutral  fat,  the  discovery  by  Kastle  and  Loevenhart 
(see  p.  733)  that  tiie  action  of  lipase  is  reversible  a.ssumes  much 
signiScance.  It  seems  quite  possible  that  the  same  enzyme  may 
cause  both  the  splitting  r)f  the  fat  and  the  syntliesis  of  the  split 
products,  not  only  in  the  intestine  during  al>8orption,  l>ut  in  the 
various  ti^ues  during  the  metabolism  or  the  storage  of  fat.  Lipase 
18  found  in  the  blood  and  in  many  tissues, — ^niuscle,  liver,  manunar}' 
gland, t  etc. — and  during  its  nutritive  historj*  in  the  body  the  fat  may 

•See  Ratcliford,  "Journnl  .if  l'liy«i.)logv."  12,  27.  18HL 
f  See  Loevenhart,  "Amer.  Jourual  of  Pliyaiology,"  6,  331,  190^ 
SO 
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be  split  and  s\Tithesized  a  nimiber  of  times.     In  this  connection  "^/i 
interesting  to  note  thiit  the  pn>oeas  of  s|>littLng  does  not  involve  nxv7ci 
work.      Ven'  little  heat  is  liberated  in  the  process,  and  a  cc^ns. 
spondingly  snial!  amount  of  eneiTgy  is  neetled  for  the  sj'nthesis.* 

The  lipase  as  formed  in  the  pancreas  is  easily  destroyed,  especiaSy 
by  acids.  For  this  reason  probably  it  is  not  foimd  usually  in  sinipfe 
extracts  of  the  gland  riiaiie  b)y  laboratory  methods.  It  should  be 
added,  also,  that  the  action  of  this  enzyme  is  aided  ver>- matcriallv 
by  the  presence  of  bile.  This  latter  secretion  contains  no  lipase 
itself,  but  mixtures  of  bile  and  pancreatic  juice  split  the  neutral 
fats  much  more  nipitUy  than  the  pancreatic  juice  alone.  This 
efTect  is  now  explaineti  on  the  iiypf>thosis  that  the  bile-aci(l»  w 
the  bile-acids  and  the  lecithin  either  activate  a  jjortion  of  tk 
lipase  which  is  in  the  state  of  a  proferment  or  play  the  part  of  & 
coferraent  (page  737). 

The  Intestinal  Secretion  (Succus  Entericus).— The  KnaD 
intestine  is  lined  with  tubular  glamis,  the  crjpls  of  Liel)erkahn, 
which  in  parts  of  the  intestine  at  least  give  rise  to  a  liquid  secretion, 
the  so-calle<l  intestinal  juice.  To  obtain  this  secretion  recourse  hM 
l)een  had  to  the  operation  known  as  the  Thiry-\'^ella  fistula.  In  thi» 
operation  a  given  ]iortion  of  the  intestine  is  separated  fmni  the 
remainder  without  injuring  its  blood-vessels  or  ner\'es  and  the  two 
ends  are  sutured  into  the  abrloniinal  wall.  In  the  loop  thus  isolalerl 
the  secretions  may  be  collected  and  experiments  may  l>e  nuule  upon 
the  digestion  and  absorption  of  various  substances.  The  secretion 
from  the.se  loo|>s  is  usually  said  to  be  small  in  quantity,  esiieciallyin 
the  jejunum.  I'regl  estimates  that  as  much  as  tliree  liters  maybe 
formed  in  the  whole  of  the  small  intestine  in  the  course  of  a  day,  but 
this  estimate  does  not  rest  upon  ver>^  satisfactory'  data.  The  liquid 
gives  an  alkaline  reaction,  owing  to  the  presence  of  .soilium  carlion- 
atp.  Experiments  have  shown  that  this  liquid  has  little  or  do 
digestive  action  except  upon  the  starches,  and  it  may  perhaps  be 
doubted  whether  it  is  a  true  secretion.  Extracts  of  the  walls  nf 
the  small  intestine  or  the  juice  sfjucezed  from  these  walls  have  l»ecn 
found,  on  the  contrary,  to  contain  four  or  five  different  enzymes  and 
to  exert  a  most  important  influence  ujxtn  intestinal  tligcstion.  Thwe 
enzymes  belong  probably  to  the  group  of  endo-enzyraes,  and  arc  not 
actually  .secreted  into  the  lumen  of  the  intestines.  While  they  are 
not,  .strictly  .speaking,  constituents  of  the  intestinal  juice,  nevrf- 
theless  it  is  their  action  on  the  food  which  fonns  the  characteristic 
contribution  to  the  process  of  digestion  made  by  the  glands  uf  the 
intestinal  wall.     These  enzymes  and  their  action.s  are  as  folloTviii; 

I.  Eiiterokmft.'<p  (see  p.  779),  :iii  enzyme  whirh  in  some  way  activates  ine 
proteolytic  enzyme  nt  ih<-  pancreatic  juice,  by  converting  the  tryP' 
sinogen  to  tr>'psin. 

•  Consult  Heraog,  "  ZeWscVvn^V  I .  p\vY«vo\.  CftvKnaft,"  37,  3a3,  1903. 
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Erepsin.  TJiis  enzyme,  discovered  l)y  Cohnheim,*  acts  especially  upon 
the  tieutero-albuiaoaee  and  peptones,  canning  furtlier  liydrolysis. 
Whether  its  splitting  action  npon  the  peptoncfi  is  coninlele  is  not 
as  yet  known,  but,  as  was  said  above  (p.  7S3>,  the  natural  suggestion 
regarding  this  enzyme  ia  that  it  supplements  the  work  l)egun  by 
the  tryjKiin. 

Inverting  enzymes  capable  of  convert-ing  the  disaccharids  into  the 
monoaacchariils.  Tiiese  enzymea  are  three  in  nundjer:  maltase, 
which  acts  upon  maltose  (and  dextriJi) ;  invertase  or  iiivertin, 
which  acts  iipt>ii  cane-sugar;  and  lactase,  which  acts  upon  lactose. 
The  maltase  acts  upon  the  protlucts  formed  in  the  digetstion  of 
etarchess,  the  maltose  and  dextrin,  converting  them  to  tlexlroae 
according  to  the  general   formula: 

C^„0„   +   H,0  -  f,H„0,  +  C.H,,0, 

MaJtoaa.  Dextrose.         De.vtroae. 

In  the  same  way  invertase  converts  cane-sugar  to  dextrose  and  levu- 
lose,  and  lacta8e  changes  milk-sugar  to  dextrose  and  galactose.  This 
inverting  action  is  necesi^arv  to  prepare  the  carbohydrate  food  for 
nutritive  p:iri>oses.  Double  sugars  can  not  l>e  use<l  by  the  tissues 
and  would  escape  in  the  urine,  but  in  the  tomi  of  dextrose  or 
dextrose  anrl  levulose  they  are  readily  u^ed  by  the  tissues  in  their 
nomml  metabolie  proccssucs. 

Nticlcufie.  There  is  sf.m*'  evidence  that  this  enzyme  whicli  acts  u(x>n 
the  nucleic  acids  is  found  normally  in  the  small  inlcstino  and  tiiat  it 
may  play  a  part  in  the  digestion  of  the  nucleinp  of  our  fi>od. 

Lastly,  the  substance  sccnnin,  which,  sw  explained  above,  plays 
Bucii  an  important  role  in  the  control  of  the  secretion  of  the  pan- 
creas, is  fonned  in  the  walls  of  tlie  small  intestine.  It  is  not  an 
enzyme,  but  a  more  stalile  ami  definite  chemical  substance  which 
i«  9ecrete<l  or  formed  in  the  intestinal  mucosa  in  a  prriiminar>'  form, 
prosecretin,  and  under  the  inrtuence  of  acids  is  changetl  to  secretin. 
In  this  latter  fonn  it  is  absorbed,  carried  to  the  pancreas,  and 
causes  a  flow  of  pancreatic  secretion. 

Absorption  in  the  Small  Intestine. — Absorption  takes  place 
ry  readily  in  the  small  intestine.  The  general  eorrectncss  of  this 
tement  may  be  sliown  by  the  use  of  isolated  loops  of  the  intestine. 
t  solutions  of  var\ing  strengths  or  even  blood-senini  nearly 
entical  in  composition  with  the  animals'  own  blood  may  l>e  ab- 
sorbed completely  from  these  loops.  Examination  of  the  contents 
of  the  intestine  in  the  duodenum  and  at  the  ileocecal  valve  shows 
that  the  products  fomied  in  digestion  ha^'e  largely  disajijjeared  m 
traversing  this  distam-e.  All  the  infonnation  that  we  possess  in- 
icates,  in  fact,  that  the  mucous  membrane  of  the  small  intestine 
bsorbs  readily,  and  it  is  one  of  the  problems  of  this  part  of  physiolog>' 
to  explain  the  nieans  In-  which  tlus  absorption  is  effccteil.  Anatonii- 
cally  two  patlis  are  open  to  the  prtiducts  absorbed.  The>'  nmy  enter 
the  blood  directly  by  imssing  into  the  capillaries  of  the  villi,  or  they 
may  enter  the  lacteals  of  the  I'illi,  pass  into  the  lymph  circulation, 
and  through  the  thoracic  duct  of  the  lymphatic  system  eventually 
reach  the  blood  vascular  sjstcm.    The  oUler  physiologists  assumed 

•  Cohnheim,  "  ZeiLschrift  f.  physiol.  Chemie,"  33,  451, 1901 ;  also  35,  134 
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that  ahsMjrplinn  takes  places  exclusively  through  the  central  lactoflls 
of  the  villi,  and  hence  these  vessels  were  described  as  the  absorbeiita. 
We  now  know  that  the  digpsted  anr!  resjTithesized  fats  are  absorfjed 
by  wa\'  of  the  larteals,  but  that  the  other  products  of  digestion  are 
absorbed  mainly  through  the  hlood-veasels  and  therefore  enter  the 
portal  system  and  i>ass  through  the  liver  Ix^fore  reacliing  the  geneal 
circulation.  According  to  observations  made  upon  a  patient  with* 
fistula  at  the  end  of  the  small  inttstine.*  food  begins  to  pass  into  the 
large  intestine  in  from  two  to  five  and  a  quarter  hours  after  eating, 
and  it  requires  from  nine  to  twenty-three  hours  l^efore  the  last  of  i 
meal  has  passed  the  ileocecal  valve;  tliis  estimate  includes,  of  course, 
the  time  in  the  stomach.  I  hiring  this  passage  absorption  of  the 
digestetl  prcnlucts  takes  place  nearly  completely.  In  the  fistula  case 
referred  to  abo\"e  it  was  foimd  that  85  per  cent,  of  the  protein  had 
disappeared,  and  siuular  facta  are  known  regarding  the  other  food- 
stufifs.  The  problems  that  ha\'e  excited  the  greatest  interest  have 
lieen,  first,  the  exact  form  in  which  the  digested  products  are  sb- 
s<irbetl,  and,  seeoml,  the  means  by  which  this  absorption  is  effected. 
With  regard  to  the  la.st  question,  much  work  has  been  done  to 
a-scertiiiu  whether  the  known  physical  laws  of  diffusion,  oanweis, 
and  imliibition  arc  sufTicient  to  account  for  the  movements  of  the 
absorbed  substances  or  whether  it  Ls  necessarv'  to  refer  theni  in 
part  to  some  unknown  activities  of  the  living  epithelial  cells.  It 
would  seem  thiit  diffusion  and  asmosis  occur  in  the  inteetinee. 
Concentrated  solutions  of  neutral  salts, — sodium  chlorid,  forinstaoce, 
— if  introduced  into  a  Thiry-Vella  loop,  cause  a  flow  of  water  into 
the  lumen  in  accordance  with  their  high  osmotic  pressure,  anj|,  on 
the  other  hand,  some  of  the  sodium  chlorid  diffuses  into  the  blood 
in  accordance  with  the  laws  of  diffusion.  It  seems  equally  clear, 
however,  that  absoqjtion  as  it  actually  takes  place  is  not  governed 
simply  by  known  physical  laws.  Thus,  the  animal's  own  serum.t 
possessing  presmnably  the  same  concentration  and  osmotic  pres- 
sure a8  the  animal's  hlood,  is  absorbed  completely  from  an  isoUtod 
intestinal  loop.  80  also  it  has  been  shown  that  in  the  ab.sorption of 
salts  from  the  intestine  J  tho  rapidity  uf  absorption  .stands  in  no 
direct  relation  to  the  diffusion  velocity.  The  energv-  that  effect* 
the  absorption  is  furnished,  therefure,  by  the  wall  of  the  intestine, 
presumably  by  the  epithelial  cells,  It  constitutes  a  special  form 
rtf  imbibition  which  is  mtt  yet  under>stc>od.  That  this  particular 
funn  of  energy  is  connected  with  tlie  living  structure  is  shown  by 
the  fact  that  when  the  walls  are  injured  by  the  action  of  sodium 

*  Mucfu«ly»>n,   Nencki,  and  Sieber,  "ArcLiv  i.  experiment.  Pathol.  «■ 
Pliarm4ikr>L."'^-J8,  311,  18fH. 

t  H<.*iflcnhain,  "  Arcliiv  f.  die  ffesammte  PhysioloRie,"  5ft,  579,  IS94 
Walliicf  and  t'ushny,  "  Ardiiv  f.  die  gesatnmtc  Physiologic,"  77,  iOn 
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lorid,  potjissiuru  arM»n:i,te,  pIc,  ttieir  al)H(»ri>tive  power  is  tliiiiin- 
and    ul)S<)rptii>n    tlien    Inllnws  the  laws  uf   iliffusiuti    and 
osmosis.* 

Absorption  of  the  Carbohydrates. — (htr  (\irljoli\ drate  f(x>d  is 
fltb6orl)e«:l,  for  the  uinst  ]>art,  as  simple  sugars, — ^moiiosticr-harids. 
Aa  has  been  said,  there  is  reastm  to  believe  that  but  little  sugar  is 
alisorbed  in  the  etomacb.  Cane-sugar  and  milk-sugar  are  inverted 
in  the  anrnll  intestine  by  invertase  and  lactase,  the  first  l>eing  con- 
»rted  to  liextroseand  le\  iilifse,  the  sf-otitul  t«  dextrose  and  galactose. 
however,  these  substances  are  fed  in  excess  they  are  absorted  in 
without  conversion  to  sltuple  sugar,  and  in  that  case  may  be 
^eliminated  in  the  urine.  The  bulk  of  our  carbohydrate  food  is  taken, 
however,  in  the  fomi  of  starch,  and  the  conditions  for  absorption  in 
this  case  are  more  favorable.  The  tinie  rwpiired  for  the  digestion  of 
the  starch  to  maltose  and  ilextrin,  ami  the  subsequent  inversion  of 
theee  substances  to  dextrose,  insures  a  slower  and  more  complete 
abeorption.  ¥\ve  hundretl  grams  or  more  of  starch  may  be  digested 
and  absorljed  in  the  course  of  the  day  and  it  all  reaches  the  lilood  in 
the  fonn  of  dextrose.  Tliis  dextrose  enters  the  portal  vein  and  is 
distribute<l  first  to  the  liver.  In  this  organ  the  excess  of  sugar  is 
nithdra^n  from  the  blood  antl  stonxl  as  glycogen,  so  that  the  amount 
,of  sugar  in  the  general  circidation  is  thereby  kept  quite  constant, — 
ibout  0.15  per  cent.  When  a  large  amount  of  carlx)hvdrate  food  is 
eaten,  however,  it  is  possible  that  the  Uver  may  not  be  able  to  remove 
the  excess  completely.  In  that  case  the  amount  of  sugar  in  the  geji- 
eral  circulation  may  l)e  increased  alxjve  normal,  gi%Tng  a  condition 

!of  hyperglycemia,  and  the  excess  may  be  excreted  in  tlie  urine, 
thus  bringing  about  the  condition  known  as  "  alimentarj'  glyco- 
suria." The  amount  of  any  carbohydrate  that  can  be  eatrn 
without  producing  alimentary  glycosuria  is  designated  by  Hof- 
meiflterf  as  the  a.'^similation  limit  of  that  carbobyilratt".  If 
taken  l)oyond  this  limit  there  is  a  physiological  excess,  and  some 
sugar  is  lost  in  the  urine.  The  a-sitimilation  limit  varies  with  a 
igreat  many  conditions;  but,  so  far  as  the  different  forms  of  carlK>- 
l^iytirateii  are  concerned,  it  is  lowest  for  the  milk-sugar  anil  bigh- 
fMr  for  starch.  That  .starch  may  be  eaten  in  larger  amounts 
than  sugar  without  raising  the  percentage  of  sugar  in  the  sys- 
temic blood  above  the  normal  level  is  in  accord  with  what  we 
know  of  the  digtwtion  of  the  two  fomis  of  carl>ohy<irates.  Dex- 
trose requires  no  iligc.'^tion,  it  is  absorbed  as  such,  while  cane- 
sugar  needs  only  to  l>e  inverted.  Starcli,  on  the  contrary,  requires 
Pthe  action  of  ptyalin  or  amylase  and  sul>sequent  inversion  by 
•  Odmheiin,  "  Zcitschrift  f.  Hiolouie,"  37,  443,  1S5»9. 
t  IIofmoiBtPf,  ■'.\nhiv  f.  ixp«r.  Palhul.  u.  Pharmakol.,"  25,  240,  1889, 
umI  26,  A-V,,  1890. 
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maltase.  Its  absorption  will,  therefore,  be  much  slower  tlian  tlmt 
of  the  sugara.  In  fact,  it  probably  goes  on  for  the  jjerioU  of  four 
or  five  hours,  during  which  an  ordinary  meal  is  making  it«  progr«« 
from  pyhtrus  to  ile<icecal  valve.  During  this  period  the  eulire 
quantity  of  bhxKl  in  the  body  is  pa'^sed  through  the  meaenteric 
arteries  over  and  over  again,  and  it  is  probable  that  even  in  the 
portal  vein  the  quantity  of  sugar  at  any  one  moment  ri*cs  but 
little  above  tlie  nornuil  level,  and  this  small  excess  is  held  back 
by  the  liver  t-elbs,  so  that  the  systemic  circulation  is  protected 
from  becoming  hyperglycemic. 

So  far  as  the  carl>ohydrates  escape  absorption  as  sugar  thev  are 
liable  to  undei^go  acid  fermentation  from  the  bacteria  always  present 
in  the  int^-stine.  As  the  result  of  this  fermentation  there  may  be 
produced  acetic  acid,  lactic  acid,  butyric  acid,  succinic  acid,  carbon 
dioxid,  alcohol,  hydrogen,  etc.  This  fermentation  probably  occun 
to  some  extent  in  the  smal!  intestines  imder  nonnal  conditionB. 
Macfadyen,*  in  the  case  already  referred  to,  found  that  the  coDtcnte 
of  the  intestine  at  the  ileocecal  vah'e  contained  acid  equivalent  to 
that  of  a  0.1  per  cent,  solution  of  acetic  acid.  I'nder  less  noitnai 
conditions,  such  as  excess  of  sugars  in  the  diet  or  deficient  absorp- 
tion, the  large  productiaa  of  acids  may  lead  to  irritation  of  the  int» 
tinea,^Ktiarrhea,  etc. 

Absorption  of  Fats. — Numerous  theories  have  been  held  in 
regard  to  the  mode  of  absorption  of  fats.  It  has  been  supposed  that 
the  emulsified  (neutral)  fat  is  ingcstcfl  directly  by  the  epithelial  wU«, 
that  the  fat  droplets  enter  between  the  epithelial  cells  in  the  so-called 
cement  subsUmce,  that  the  fat  droplets  are  ingested  by  leucoCT'Ws 
that  lie  l)etween  the  epitheUal  cells,  or  lastly  that  the  fat  is  first  split 
into  fatty  aciil  and  glycerin  and  is  absorlied  by  the  epithelial  cells  in 
these  forms.  The  tendency  of  recent  work  is  to  favor  this  last  view. 
During  digt!stion  the  epithelial  cells  contain  fat  droplets  without 
doubt,  but  it  seems  probaljle  that  these  droplets  are  formed  in  ittu 
by  a  synthesis  of  the  absorKied  glycerin  and  fattj'  acids.  The  border 
of  the  cell  is  said  t«  be  free  from  fat  globules, — a  fact  which  would 
indicate  that  the  neutral  fat  is  not  mechanically  ingested  as  oil  drops. 
But,  granting  that  the  fat  is  absorlwd  in  solution,  as  fatty  acids  and 
glycerin,  the  mechani.sm  of  al)Sor])tion  remains  unexplained.  It  is 
known  that  the  bile  as  well  as  the  pjancreatic  juice  plays  an  important 
part  in  the  process.  The  pancreatic  juice  furnishes  the  lipase,  the  bile 
furnishes  the  bile  salts  {glycocholate  and  taurocholate  of  aodiuni) 
which  aid  the  lijiase  in  splitting  the  neutral  fat,  and  moreover  :iid 
greatly  the  absorption  of  the  split  fats.  This  latter  function  is  due 
probably  to  the  fact  that  the  bile  (bile  salts)  dissolves  the  fatty  itcids 

*  Macfadyen,  Nencki,  aud  8ieber,  loc.  cit. 
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ily*  and  thus  brings  them  into  contact,  in  soluble  form,  with  the 
>ithelial  cells.     When  the  bile   Ls  (Jrained  off   from  the  intestine 

a  fistula  of  the  gall-iiladcler  or  duct,  a  large  proportion  of 
the  fatty  fo<ids  escapes  ahsorjjtion  and  appears  in  the  feces.  Direct 
obeerv'ation  shows  that  the  fat  after  passing  the  epithelial  lin- 
ing and  entering  the  stroma  of  the  villus  is  taken  up  by  the 
lyTnphatic  vessels,  the  so-called  lacteals.  This  fact  is  beautifully 
demonstrated  by  the  mere  appearance  of  the  IjTnphatics  of 
the  mesenten'  after  a  meal  containing  fats.  These  vessels  are 
injected  with  milky  chyle  during  the  period  of  absorption  so  that 
tbeir  entire  course  is  revealed.  The  chyle  on  microscopical  exami- 
nation  is  found  to  contain  fat  in  the  form  of  an  extremely  fine 
emulsion.  In  this  fonn  it  is  carried  to  the  thoracic  duct  and  thence 
to  the  venous  circulation.  For  hours  after  a  meal  the  blood  contains 
this  chyle  fat.  If  a  specimen  of  blood  is  taken  during  this  time  and 
oentrifugalized  in  the  usual  way,  the  chyle  fat  may  be  collected  at 
the  top  in  the  form  of  a  cream.  It  is  an  easy  matter  to  insert  a 
cannula  into  the  thoracic  duct  at  the  point  at  which  it  opens  into  the 
subclavian  and  jugular  veins  anrl  thus  collect  the  entire  amount  of  fat 
absorbed  from  the  intestines  by  way  of  the  lacteals.  Experiments 
of  this  kiml  show  that,  after  deducting  the  amount  of  fat  that  escapes 
ab6ori>tion  and  is  lost  in  the  feces,  the  amount  that  may  be  recovered 
from  the  thoracic  duet  is  less  than  that  taken  in  the  food.  It  seems 
probable,  therefore,  that  some  of  the  fat  is  al>sorl)ed  directly  by  the 
blood-vessels  of  the  villi.  The  portion  thus  ab.sorbed  enters  the 
portal  vein  and  pa.st<es  through  the  liver  before  reaching  the  general 
circulation.  The  liver  holds  back  more  or  less  of  tlie  fat  taking 
this  route,  as  it  is  found  that  during  absorption  the  liver  cells  show 
an  accumulation  of  fat  droplet.s  in  their  interior,  f  The  amount  of 
fat  that  may  be  absorbed  from  the  intestines  varies  with  the 
nature  of  the  fat.  Expt'rinient.s  show  that  the  more  fluid  fats,  such 
as  olive  oil,  are  absorbed  more  completely,  that  is,  less  is  lost 
in  the  feces  than  in  the  ea-sc  of  the  more  solid  fats.  Compara- 
tive experiments  have  given  such  results  as  the  following:  Olive 
oil — absorption,  07.7  per  cent.;  goose  and  pork  fat,  97.5  per 
cent. J  mutton  fat,  00  to  92.5  per  cent.;  spermaceti,  15  per  cent. 
The  amount  of  fat  that  may  Ix?  lost  in  the  feces  varies  also  with 
other  conditions.  If,  for  instance,  an  exces.s  is  taken  with  the 
footl,  or  if  the  bile  flow  is  diniinisheil  or  suppressed,  the  percentage 
in  the  feces  is  increa.sed.  The  usual  amount  of  fat  allowed  as  a 
maxinmm  in  dit-taries  is  from  IW)  to  120  gm.  daily. 

Absorption  of  Proteins. — Most  of  the  experimental  work  on 
record  shows  that  the  digfsted  proteins  are  absorbed  l>y  the  bkxxl- 

•See  Moore  and   Ho<'kwrioH,   "Journal  of   Phyniolo(0',"   21,   5S,    1S97; 

also  Moore  and  Parker,  "  Prooot-dinKS.  Uoval  .Sorieiv,"  Ivoridon,  C<S,  04,  1901. 

t  See  FtBok,  "Archiv  f.  Phyaiologie,"  '1892,  497,  iind  ISM,  297. 
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vessels  of  the  villi,  although  after  excessive  feeding  of  protein  ^i 
portion  may  be  taken  up  also  in  the  lymphatics.*  This  accepted 
belief  rests  upon  two  facts:  Finst  (Schniitlt-Miifheim).  if  the  thornnc 
chut  (and  right  lymphatic  duet)  is  ligated,  so  as  to  shut  off  thel)in- 
phatic  circulation,  an  animal  will  absorb  and  metalx>lize  the  usual 
amount  of  protein  £us  is  indicated  hy  the  urea  excrel«d  during  the  pe- 
riod. Second  (Munk ).  if  a  fi."<tula  of  the  thoracic  duct  is  establi-ihwl 
and  the  total  lymph  flow  from  the  intestines  is  collected  during! 
the  periotl  of  absorption  after  a  diet  of  ]>roteiii,  it  is  found  that  there 
is  no  increase  in  the  quantity  of  the  Ij'mph  or  in  its  protein  contenli!. 
The  form  in  which  ]>rotein  is  absnr}>ed  anil  circulates  in  the  blrxxl 
is  not  .satbifactorily  determined.  Under  normal  conditions  the 
protein  food  is  digested  by  the  successive  actions  of  pepsin,  tn-pgin, 
and  probal>ly  orcpsin.  Durinji  this  digestion  peptones  and  proteose* 
are  formed  and  may  be  a1>sorbed  as  such,  or  they  may  be  further 
broken  down  by  tiypsin  and  erefisin  to  the  amino-bodies,  leuciii. 
lyrosin,  arginin.  etc.,  and  the  intermediate  corapouniis.  the  poK- 
peptids  (see  p.  781),  and  be  absorbed  in  the  form  of  these  split 
products.  Some  ob.^jTvcrs  claim  to  have  ftmnd  peptones  or 
proteoses  as  a  normal  constituent  of  the  blood,  but  this  clain) 
}ia^  not  been  satisfactorily  e.stablished.  Others  have  shown  tlie 
presence  of  traces  of  the  amtno-acids,t  but  much  uncertainty  exists 
as  to  the  precise  form  in  which  the  protein  nourishment  for  the  t)ody 
exists  normally  in  the  blood.  Several  possibiUties  have  been  sug- 
gested. It  Is  conceivable  that  the  peptones  or  the  more  simple 
split  products  may  l>e  syntliesized  in  the  wall  of  the  intestine  or  ia 
the  liver  to  the  proteins  of  the  blood,  the  serum-albumin  or  globulin; 
it  is  possible  that  many  of  the  end-products  of  the  digestive  splitting 
may  he  further  oxidized  and  ronvertetl  to  urea  in  the  liver  and  only  .1 
fratitional  part  )ye  really  synthesized  into  the  proteins  of  the  IkkIv, 
or  it  is  possible  that  the  ab6orl>etl  protein  exists  in  the  bloo<i  in 
some  special  form  not  as  yet  recognized.  Perhaps  the  miwt 
important  fact  to  be  emphasized  in  this  connection  is  the  dis- 
covery that  animals  may  lie  nourisheil  when  fe(J  only  with  the 
split  prciductr-s  cjf  protein,  that  is  to  say,  with  the  products  of  a 
complete  pancreatic  digestion  (p.  877).  It  is  evident  that  in 
such  cases  the  Iwniy  must  take  some  of  these  split  products  smd 
build  them  up  again  to  the  protein  form.  The  prevailing  hypoth- 
esis is  that  this  synthesis  takes  place  in  the  walls  of  the  intestinf 
and  that  the  body  protein  thus  reconstruct^*!  constitutes  a  pju^ 
of  the  proteins  of  the  blood.  It  must  be  borne  in  mind,  however, 
that  this  hypothesis  is  far  from  hav ing  been  demonstrated.     Atten- 


*  Sw  Mcniit't,  ".\morican  Journal  of  Physii>lfig>%"  2,  137,  1809. 
t  For  referenccH,  mh;  Howetl,    •American  Journal  of  Physiology,"  1908. 
17,  273. 
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ii»n  sht)ul<l  alscj  be  directed  tn  the  fact  that  many  forms  frf  pnttcin 
tiay  be  absorbed  apparently  without  previous  digestion.  This  fact 
iss  been  demonstrated  for  isolated  loops  of  the  small  inte^itine  and 
Jso  for  parts  of  the  IflLTge  intestine.  It  is,  moreover,  Ixtnxe  out  by 
iie  medical  practice  of  giving  enemata  into  the  rectum  when  the 
sonditions  are  such  that  the  patient  can  not  !«  fed  in  the  nomml 
iray.  That  absorption  and  utilization  of  the  protein  take  place 
jnder  such  conditirtns  is  shown  not  only  by  the  improved  nutritive 
x>ndition  of  the  individual,  luit  also  by  the  increased  output  of 
nitrogen  in  the  urine.  This  phenomenon  occurs  in  parts  of  the 
intestinal  canal  in  which  normally  no  proteolytic  enzjines  occur,  so 
that  the  whole  process  must  be  referred  to  an  activity  of  the  cells 
eompofflng  the  walla  of  the  intestine.  Tliere  set'ins  at  present  little 
grounds  for  a  satisfactory  explanation  of  the  absorption  of  i>roteins, 
with  or  without  digestion,  by  a  direct  apphcation  of  the  known 
laws  of  osmosis,  diffusion,  and  imbibition.  Examination  of  the 
contents  of  the  small  intestine  at  its  junction  witli  the  large  shows 
that  under  nomial  conditions  most  of  the  protein  has  l^een  ali- 
aorbed  before  reaching  this  point.  The  process  ia  continueil  in  the 
large  intestine,  modified  somewhat  by  bacterial  action,  and  the 
amount  that  finally  escapes  absorption  and  appears  in  the  feces 
varies,  in  perfectly  normal  individuals,  with  the  character  of  the 
protein  eaten.  According  to  Munk,*  the  easi!>'  digestible  animal 
foods — such  as  milk,  eggs,  and  meat — are  absorlxxl  to  the  extent  of 
97  to  99  per  cent.,  while  viith  v^etable  foods  the  utilization  is  less 
complete.  This  difference  is  not  due,  however,  to  any  }>eculiarity 
of  the  vegetable  proteins;  it  in  probably  an  incidental  result  of  the 
presence  of  the  indigestible  cellulnse  found  in  our  vegetable  foods. 
It  is  stated  that  from  17  to  30  per  cent,  of  the  protein  may  be  lost 
m  the  feces  if  the  vegetable  food  is  in  such  form  as  not  to  be 
attacked  readily  by  the  digestive  secretions. 

Digestion  and  Absorption  in  the  Large  Intestine. — Olwerva- 
tions  upon  the  secretions  of  the  large  intestine  lla^'e  been  made  upon 
hiunan  beings  in  cases  of  anus  praeternaturalis,  in  which  the  lower 
portion  of  the  intestine  was  practically  isolated,  and  also  upon 
lower  animals,  in  which  an  artificial  anus  was  established  at  the 
end  of  the  small  intestine.  These  ol>servations  all  indicate  that 
the  secretion  of  the  large  intestine,  while  it  contains  much  mucus 
and  shows  an  alkaline  reaction,  is  not  characterized  by  the  presence 
of  distinctive  enzj'mes.  When  the  contents  of  the  small  intestine 
piiss  the  valve  they  still  contain  a  certain  amount  of  unal)8ort>ed 
food  material.  As  was  stated  in  the  chapter  on  the  movements  of  the 
iotestine,  this  material  remains  a  long  time  in  the  large  intestine,  and 
once  it  contains  the  digestive  enz>Tnes  received  in  the  duodenum  the 

•See  Munk.  "Ergebnifwo  dpr  Pliysiologie,"  vul.  i.,  part  l.,  iy02,  arUclfc, 
'^Jtemtrplion,"  for  UtemUire  a.ttd  discusBioa. 
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digestive  and  absorptive  processes  no  douht  continue  as  in  the  small 
intestine.  This  general  fact  is  well  illustrated  in  experiments mwle 
upon  dogs,  most  of  whose  small  intestine  (70  to  83  per  cent.)  had 
been  removed.*  These  animals  cutild  digest  and  absorb  well,  and 
form  norma!  feces,  provided  care  was  taken  of  the  diet.  An  excessol 
fat  or  indigestible  material  caused  rjiarrhea  and  serious  loas  of  fond 
material  in  the  feces.  An  interesting  feature  in  the  large  intestine 
is  the  marketl  absorption  of  water.  In  tiie  small  intestine  no  doubt 
water  is  absorbed  in  large  (quantities,  but  its  loss  is  eNidently  made 
good  bj'  osmasis  or  secretion  of  water  into  the  intestine,  since  the 
contents  at  the  ileocecal  valve  are  quite  as  fluid  as  at  the  pylorus. 
In  the  large  intestine  the  absorption  of  water  is  not  compensated  by 
a  secretion;  the  material  becomes  more  and  more  solid  as  it  ap- 
proaches the  rectum,  and  is  thus  fonned  into  the  feces.  The  alkaline 
reaction  of  the  contents  of  the  large  intestine  makes  a  favorable 
environment  for  the  growth  of  bacteria,  particularly  the  putrefactive 
bacteria  that  attack  protein  material.  Putrefaction  is  a  normal 
occurrence  in  the  large  intestine,  and  mucli  interest  has  been  shorni 
in  its  extent  and  its  pos.sihle  jjliysiological  significance. 

Bacterial  Action  in  the  Small  Intestine. — Bacteria  are  con- 
stantly present  in  both  the  large  and  the  small  intestine.  Under 
normal  con<^lit  ions,  however,  it  would  seem  that  in  the  small  intestine 
only  those  Ixicteria  capal>le  of  ferment ing  carbohydrate  food  show 
any  dL-^tinct  actiAnty.  Putrefactive  fermentation  of  protein  material 
is  limited  or  absent  in  this  part  of  the  intestine  an  long  as  the  prwhiets 
of  protein  digestion  are  promptly  absorbed.  Conditions  that  pre- 
vent or  retard  this  absorption  favor  the  occurrence  of  protein 
putrefaction.  Opinions  among  investigators  differ  as  to  the  means 
by  which  the  protein  contents  are  protected  from  the  action  of  the 
bacteria.  It  haa  been  shown  that  the  pre.sence  of  carbohydrate 
material  has  a  restraining  effect  upon  protein  putrefaction.  The 
simplest  explanation  of  this  relation  is  that  the  femientation  of  t)ie 
carbohydrates  gives  rise  to  a  number  of  orgjmic  acids — lactic, 
acetic,  etc. — and  these  acids  inhibit  the  action  of  the  protein  bac- 
teria. To  make  this  explanation  satisfactory,  however,  it  is  neces- 
sary to  show  that  the  contents  of  the  small  intestine  possess  an  add 
reaction.  Concerning  this  jioint  opinions  also  differ.  The  secretions 
of  the  small  intestine  are  all  alkaline  and  we  should  expect  their 
contents  to  have  this  reaction.  Examination  show.s  that  the  con- 
tents of  the  .small  intestine  arc  acid  or  not  according  to  the  indicator 
used.  With  phenolphthalein  they  may  give  an  acid  reaction,  while 
with  litmus,  lakmoid,  etc.,  no  such  reaction  is  obtained. f  Suciia 
result  as  tliLs  indicates  that  no  strong  organic  acids,  such  as  acetic 
*  KrliinRer  iind  Hewlett,  ".^mtrifan  Journal  of  I'liy.siology,"  6,  I,  1902- 
t  t'onsiiR  Miicfadyt-u.  ^vtvckv,  ■a.'sxd  Sielier,  Inr.  ci't.;  Moore  unci  Bt'rpn, 
"American  Jovirna\  ol  V\\>;wo\uKvf>"  'i,  "iVfi,  \Sj**i\  UwvJil,  "  ew^rilbliiU  f. 
Physiologic,"  16,  33,  and  Wft.  VWi. 
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and  lactic,  are  present,  the  phcnolplithaleiii  being  affected  possibly 
by  the  CO,.  As  Munk  has  stated  it.  seems  that  the  cuiiteiits  of  the 
imall  intestine  thmughout  tiie  duiideuum  and  jejunum  are  at  least 
never  alkaline,  and  when  carlxihydrates  are  used  the  reaction  may 
Dot  only  be  acid  to  phcnolphthulein  but  also  to  tlve  stronger  indica- 
tors. On  the  whole,  therefore,  it  woukl  seem  probable  that  the 
small  amount  or  total  lack  of  protein  putrefaction  in  the  small  intes- 
tine is  due  in  part  to  the  rapid  absorption  of  the  digested  protein 
and  in  part  to  an  unfavorable  reaction.  Some  olwervers  contend 
that  there  is  a  struggle  for  exi.stenfe  or  antagonism  between  the 
bacteria  acting  upon  carbohydrates  and  those  hviug  upon  proteins. 
When  the  former  have  conditions  favorable  for  growth,  their  increase 
in  some  way  affects  injuriously  the  protein  bacteria.* 

Bacterial  Action  in  the  Large  Intestine. — In  the  large  intestine 
protein  putrefaction  Ls  a  constant  and  normal  occurrence.  The 
reaction  here  is  stated  to  he  alkaline,  and  whatever  protein  may  have 
escaped  digestion  and  al>sorption  is  in  turn  acted  upon  by  the  bac- 
teria and  undergoes  so-called  putrefactive  fermentation.  The  spht- 
ting  up  of  the  protein  molecule  l»y  this  process  is  very  complete,  and 
differs  in  some  of  its  products  from  the  results  of  hydroiytic  cleavage 
as  caused  by  acids  or  by  trypsin.  The  list  of  end-products  of  putre- 
faction is  a  long  one.  Besides  peptones,  proteoses,  ammonia,  and 
the  various  amino-acids,  there  may  be  proiluced  such  substances  aa 
indol,  skatol,  phenol,  phenyl  propionic  and  phenylacetic  acids,  fatty 
acids,  carlwn  rlioxid,  hydrogen,  luarsh  gas,  hydrogen  sulpliid,  etc. 
Many  of  these  prtHjucts  are  given  off  in  the  feces,  while  others  are 
absorbed  in  jwrt  and  e.vcreted  subseffuently  in  the  urine.  In  this 
latter  connection  esjjecial  interest  attaches  to  the  phenol,  indol,  and 
skatol.  Phenol  or  carliolic  ael<l,  C,Hj<  >H,  after  abs(irj)tJoii  is  com- 
bined with  sulphuric  acid,  to  fonii  an  ethereal  sulphate  (conjugated 
sulphate)  or  phenolsuiphonic  acid,  CjHj(>SO,()H,  and  in  this  form 
is  found  in  the  urine.  So  also  with  cres(3l.  The  iridol,  CgH^N,  and 
gkatol  (methyl-indol),  CpH ^N,  are  also  absorbed,  undergo  oxidation  to 
indoxyl  and  skat^ixyl,  and  are  then  combined  nr  conjugated  with 
sulphuric  ariil,  like  the  phenol,  and  in  this  fonn  are  found  in  the  urine 
— <:',H,.\{>S(V>H,  or  tndoxyl-sulphuric  aciil,  and  C,HgN(  »S()./)H, 
skatoxyl-sulphuric  acid.  These  Ixxiies  have  long  Ijeen  known  to 
occur  in  the  urine,  ami  the  pnwf  that  the>'  arise  primarily  from  putre- 
faction of  protein  material  in  the  large  intestine  is  so  conclusive  as 
not  to  admit  of  any  doubt.  The  amount  to  which  they  occur  in 
the  urine  is,  therefoi-e,  an  indication  of  the  extent  of  the  putrefaction 
in  the  large  intestine. 

Is  the  Putrefactive  Process  of  Physiological  Importance? — 
Recognizing  that  fermentation  by  means  of  bacteria  is  a  normal 
occurrence  in  the  gastro-intestinal  canal,  the  question  has  arisen 


*See  Bienstock,  ".4rchiv  f.  Hygiene,'*  39,  390,  \WJ\. 


Digitized 


M 


le 


PHYSIOLOGY    OF   DIGESTION    AND    SECRETION. 


whotlw^r  this  prucess  is  in  any  way  necossan'  to  normal  digestiim  .inJ 
iiutiition.  It  JH  well  knonn  t hat  excessive  l)aeterial  action  may  Irad 
to  intestinal  troubles,  such  as  diarrhea,  or  t^i  more  serious  interference 
with  general  nutrition  owing  Ut  the  fonnation  of  toxins.  It  is, 
however,  possible  tlrnt  some  ainoimt  of  l)act€rial  action  may  be 
necessary  for  completely  normal  digestion.  As  a  special  caae  it  ha» 
been  pointetl  out  that  the  gastro-intestinal  tract  is  not  pro\-ided  ^ith 
enzymes  capable  of  acting  upon  cellulose,  a  material  that  forms  such 
an  imjxjrtant  constituent  of  vegetable  foods.  Bacteria,  on  the  other 
hand,  may  bydrolyze  the  cellulose  and  render  it  useful  in  nutrition. 
Leaving  aside  this  special  case,  the  question  as  t-o  the  necessity  of 
bacterial  action  has  been  investigatetl  directl\'  by  attempting  U> 
rear  young  animals  imdcr  perfectly  sterile  conditions.  Xuttall  ami 
Thierfelder*  rcjxirt  some  very  interesting  e.xperinients  upon  guioea 
pigs  in  which  the  young  animals  from  birth  were  kept  sterile  and  fal 
with  perfectly  sterile  food.  They  found  that  the  animals  lived  and 
increased  in  weight,  and  concluded  therefore  that  the  intestinal 
bacteria  are  not  necessary  to  normal  nutrition.  This  conclusion  i* 
supported  by  the  observations  of  I^evin.t  who  finds  that  animals  in 
the  Arctic  regions  in  many  cases  have  no  bacteria  in  their  intestines. 
SchottcliusJ  reports  contrarv'  results  upon  chickens.  When  kept 
sterile  they  lost  steadily  in  weight  and  showed  normal  growth  only 
when  supplie<l  with  food  containing  bacteria.  The  idea  that  tl» 
relations  between  tiie  bacteria  and  the  animal  that  harbors  them 
constitutes  a  kind  of  symbiosis  in  which  each  derives  a  lienefit 
from  the  other  h:is  certainly  not  been  ilemonstrated.  The  oiu- 
trary  view,  that  bacterial  putrefaction  is  the  ocfjvsion  for  constant 
danger  to  tlie  human  organism,  hjis  been  stated  in  extreme  form, 
perhaps,  by  Metchnikoff.  Accur<Iing  to  tliis  author  the  constant 
production  and  absoi'ption  of  bacterial  toxins  from  the  intestine  is 
one  of  the  important  causes  of  a  loss  of  i"e.sistance  on  the  part  «if 
the  botly  to  the  changes  which  bring  on  senescence  and  death. 
.\t  present  it  seeins  wise  to  take  the  consen'ative  view  that  while 
the  presence  of  the  bacteria  confers  no  positive  benefit,  the  organ- 
ism has  atlapted  itself  under  usual  conditions  to  neutralize  their 
injurious  action. 

Composition  of  the  Feces. — The  feces  diflfer  widely  in  anumiit 
and  in  composition  with  the  character  of  the  food.  Upon  u  dipt 
compo.sed  exclusively  of  meats,  they  are  small  in  amount  and  diirk 
in  color;  with  an  onlinary  mixed  diet  the  amount  is  increased;  and 
it  is  largest  with  an  exclusively  vegelal>ie  diet,  espetrially  with  vege- 
tables  containing   a   large   amount   of   cellulose.     The  average 

*  Nutlall  and  Tliierfeldpr,  '•Ztntsclirift  f.  physiol.  niemie,"  21,  !*• 
1895;  22,  fi2.  18B6;  2.^,  T.U,  1897. 

t  "  Skandinavisfhi'tt  .\rclvvv  f.  Physiologic, "  16,  249,  1904, 
J  "  ArcUiv  t.  UynWrn-,"  V2,  \%,  VWfi. 


given  as  170  gins.,  while  \\ith  a  vegetable  diet  it  uuiy  amount  to  a-* 
much  as  400  or  500  gms.  The  quantitative  com{X)siition,  therefore, 
varies  greatly  with  the  diet.  Qualitatively,  we  find  in  the  feces 
the  following  things;  (1)  Indigestlljle  niaterial,  such  as  ligaments  of 
meat  or  cellulose  from  vegetables.  (2)  Undigested  material,  such  as 
fragments  of  meat,  starch,  or  fats  which  have  in  sr>nie  way  escaped 
digestion.  Naturally,  the  quantity  of  this  material  present  is  slight 
xmder  normal  conditions.  Some  fats,  however,  are  almost  always 
found  in  feces,  either  as  neutral  fats  or  as  fatty  acids,  and  to  a  small 
extent  as  calcium  or  magnesium  soaps.  The  quantity  of  fat  foimd  is 
increased  by  an  iiirrease  of  the  fats  in  the  food  uv  by  a  deficient 
secretion  of  bile.  (."J)  rruducts  of  the  intestinal  secretions.  Evi- 
^  dence  has  accumulated  in  recent  years*  to  show  that  the  feces  in 
Hinan  on  an  average  diet  are  composed  in  part  of  the  unabeorbed 
material  of  the  intestinal  secretion.  The  nitrogen  of  the  feces,  for- 
merly suppo.s<'d  to  rei>resent  only  undigestetl  food,  seem.s  rather  to 
have  it.s  origin  largely  in  these  secrction-s,  together  with  the  cellular 

I  debris  thrown  off  from  the  walls  of  the  intestines.  (4)  Products  of 
bacterial  decomposition.  The  most  characteristic  of  these  products 
are  indol  and  skatol.  They  are  crystalline  bodies  po-«vsessing  a  dis- 
agreealtle,  fecal  od<ir;  this  is  especially  tme  of  skatol,  to  which 
the  o<lor  of  the  feces  in  niainJy  due.  (5)  t'holesterin,  or  a  tleriva- 
tive,  which  is  fimnd  always  in  small  amounts,  and  is  probably 
derived  from  the  bile.  (6)  Some  of  the  purin  bases,  especially 
guanin  an<l  adeniii.  (7)  Mucus  and  epithelial  cells  thrown  <jIT 
from  the  intestinal  wall.  (8)  Pigment.  In  addition  to  the  color 
due  to  the  un<ligested  footl  or  to  the  metallic  compounds  contained 
in  it,  there  is  normally  present  in  the  feces  a  pigment,  urobilin  or 
stercobilin,  derived  from  the  pigments  (bilirubin)  of  the  bile. 
Urobilin  is  formed  from  the  bilirubin  by  reduction  in  the  large 

■  intestine.  (9)  Inorganic  salts — salts  of  S(jdium,  potassium, 
<^cium,  magnesium,  and  iron,  but  chiefly  the  last  three  together 
with  phosphoric  acid.  The  significance  of  the  calcium  and  iron 
salts  will  l.»e  referred  to  in  a  subsequent  chapter,  when  speaking 
*)f    their    nutritive    importance.      (10)   Jlicro-organisms.     Great 

■quantities  of  bacteria  of  different  kinds  are  found  in  the  feces. 
In  arldition  to  the  feces,  there  is  found  often  in  the  large 
iiit-estine  a  quantity  of  gas  that  may  also  l>e  eliminated  through 
the  rectum.  This  gjis  varies  in  composition.  The  following 
substances  have  been  fuuiid  at  one  time  or  another:  CHj,  CO,, 
H,  N,  Hj8.  They  ari.se  mainly  from  the  bacterial  fermentation 
of  the  proteins,  although  si>me  of  the  N  may  lie  ileri\'eii  from  aii- 
swallowed  with  the  foofl. 

♦  Prauunitz,  "Zeitschrift  f.  liiologie,"  35,  335,  1897;  and  Tsuboi,  ibid., 
68. 
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CHAPTER  XLIV. 
PHYSIOLOGY  OF  THE  LIVER  AND  THE  SPLEEN. 

The  liver  plays  an  important  part  in  the  general  nutrition  of  the 
body.  Its  functions  are  manifold,  Init  in  the  long  run  they  depend 
upon  the  properties  of  the  Uver  cell,  which  constitutes  the  anatomical 
and  physiological  unit  of  the  organ.  These  cells  are  seemingly 
imifonn  in  stnictun*  thmughout  the  whole  suhstance  of  the  liver,  but 
to  understand  clearly  the  different  functions  they  fulfill  one  must 
have  n  clear  idea  of  their  anatomical  relations  to  one  another  and 
to  the  blood-vessels,  the  lymphatics,  and  the  bilenducts.  The  liistol- 
ogy  of  the  liver  lobule,  and  the  relationship  of  the  portal  vein,  the 
hepjitic  arterv',  and  the  l)ile-duct  to  the  lobule,  must  be  obtained  from 
the  text-tKKjks  upon  liLstology  and  anatomy.  It  is  sufficient  here  Ui 
recall  the  fact  that  each  lobule  is  supplied  with  blood  coming  in  part 
from  the  portiil  vein  and  in  part  from  the  hejMitic  artery.  The  blood 
from  the  former  source  contains  the  soluble  products  absorl)ed  from 
the  alinientan,'  canal,  such  as  sugar  and  protein,  and  these  absoriied 
prrnlucts  are  submittal  to  the  metaltolic  acti\ity  of  the  liver  cells 
before  reaching  the  general  circulation.  The  he[iatic  arter\-  brings  to 
the  liver  cells  the  arterialized  blood  sent  out  to  the  systemic  circu- 
lation from  the  left  ventricle.  In  addition,  each  lobule  gives  origin 
to  the  bile  capillaries  which  arise  between  the  separate  cells  and  which 
carr\'  off  the  bile  formed  within  the  cells.  In  accordance  with  these 
facts,  the  physiology-  tif  the  liver  cell  falls  tiaturallly  into  two  parts,— 
one  treating  of  the  formation,  composition,  and  physiological  signifi- 
cance of  bile,  and  the  other  dealing  with  the  metalx»lic  changes  pro- 
duced in  the  mixed  blootl  of  the  porta!  vein  and  the  hepatic  arten' 
as  it  flows  through  the  lobules.  In  this  latter  division  the  niaio 
pheiiomena  to  be  stutlied  itre  the  fornuxtion  of  urea  and  the  forma- 
tinii  and  sigiiificance  of  glycogen,  but  it  cannot  be  doubted  that 
the  liver  posiicsses  other  important  metabolic  functions  which 
at  present  are  only  guessed  at  or  imperfectly  understood.  Such,  for 
example,  as  its  relations  to  the  prtMiuction  of  fibrinogen  and  of 
antithroml)in,  which  have  Ijeenreferrf^l  to  in  the  section  on  Blood. 

Bile. — From  a  physiological  standpoint,  bile  is  jiarlly  an  excre- 
tion carrving  off  certain  waste  products,  and  partly  a  digestive  secre- 
tion plaA-ing  an  important  riMe  in  the  absorption  of  fats,  and  possibly 
in  other  ways.  Bile  is  a  continuous  secretion,  but  in  animals  ]X)88e3&- 
ing  a  gall-bladder  its  ejection  into  the  duodenum  is  int-ermittcnt. 
Bile  is  ea.sily  obtained  from  living  animals  Ijy  cstal>lishing  a  fistuU 
of  the  bile-duct  or,  as  seems  preferable,  of  the  gall-bladder.    The 
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tcT  operation  has  been  performed  a  iniml>er  of  times  on  human 
ings.  In  some  cases  the  entire  supply  of  bile  ha-s  been  diverted  in 
8  way  to  the  exterior,  and  it  is  an  interesting  physiological  fact 
It  such  patients  may  continue  to  enjoy  fair  health,  showing  that, 
latever  part  the  bile  takes  normally  in  digestion  and  absorption, 
le  into  the  intestine  is  not  absolutely  necessary  to  the  nu- 
of  the  botiy.  The  (iiuintity  of  bile  secreted  during  the  day 
|.beei\  estimated  for  Inunan  Ijeings  of  average  weight  (43  to  73 
.)  as  varying  between  5(H)  and  SOO  c.c.  This  estimate  is  based 
obeervations  on  cases  of  biUary  fistula.*  Chemical  analyses 
bile  show  timt.  in  addition  to  the  water  ami  .^ialts,  it  contains 
e  pigments,  bile  acids,  choJesterin,  lecithin,  neutral  fats  and  soaps, 

Ejtimes  a  trace  of  urea,  and  a  mucilaginous  nucleo-albuniin  for- 
y  designate<l  impn)|)crly  as  mucin.  The  last-mentioned  sub- 
ce  is  not  fonned  in  the  liver  cells,  but  is  addetl  to  the  bile  by  the 
icous  membrane  of  the  bile-ducts  and  gall-bladtler.  I1ie  quantity 
these  sutetanees  present  in  tiie  bile  varies  in  different  animals 
1  under  different  conditions.  As  an  iUustration  of  their  relative 
portance  in  human  l)iJe  an({  of  the  llniita  of  variation,  the  two 
lowing  analyses  by  Hanunarstenf  may  Ijc  quoted : 

1.  II. 

'SoUds 2.520  2M0 

WBter 97.480  97.160 

Mucin  aiid  pigment 0.529  0.910 

Bile  salts 0.931  0.814 

Taurochoiate 0.3034  0.053 

Glycocholate 0.6276  0.761 

Fatty  acid^  rrora  soap 0.1230  0.024 

Cholesterin 0.0630  0.096 

J^'*^'"  } 0.0220  0.1286 

Soluble  salts .0.8070  0.8051 

Insoluble  salts O.I92.SU  0.0411 

The  color  of  bile  varies  in  different  animals  according  to  the  pre- 
nderance  of  one  or  the  other  of  the  main  bile  pigments,  bilirubin 
d  biUverdLn.  The  bile  of  carnivorous  animals  has  usually  a 
Iden  color,  owing  to  the  presence  of  bilindiin,  while  that  of  the  her- 
rora  is  a  bright  green  from  the  biliverdin.  The  color  of  human  bile 
nns  to  vary:  according  to  some  authorities,  it  is  yellow  or  golden 
Uow,  and  tltis  seems  especially  tnie  of  the  bile  as  found  in  the  gall- 
idder  of  the  cadaver:  according  to  others,  it  is  of  a  darknilive  color 
Wk  the  greeni.sli  tint  predominating.  Its  reaction  is  feebly  alkaline, 
3  its  specific  gravity  varies  in  human  bile  from  1.050  or  1.040  to 
110.     Human  bile  iloes  not  give  a  distinctive  absorption  s}>ectruni, 

r.»Copeman  and  Winston,  "Journal  of  Physiolopv,"  10,  2i;i,  1889;   Rob- 
"  Proceedings  of  the  Koyal  Society,"  London,  47,  499,  1890;   Pfaff  and 
"»"  Journal  of  Experimental  .Medirine,"  2,  49,  1897. 
Keported  in  "Ceiitmlblatt  f.  Physiotogie,"  1894,  No.  8. 


Digiiizea  by 


Google 


SOO 


PHYSrOLOGY   OF    DIOESTION    AND    8ECBETIOX. 


but  the  bile  of  some  herbivara,  after  exposure  to  the  air  at  loast, 
gives  a  characteristic  spectrum. 

Bile  Pigments. — Bile,  acroixling  to  the  animal  from  which  it  is 
obtJiineii,  contains  vne  nr  the  other,  or  a  mixture,  of  the  two 
pigments,  bilirubin  and  biliverdin.     Indeed,  it  is  probable  thit 
hi  some  animals  at  least  still  uther  pigments,  such  as  urobilin. 
ma\"  be  present  in  the  bile,  together  with  t!ie  bilirubui  or  biliveriiiii. 
Bilivenltn  is  supjiosed  ti>  stand  to  bilirubin  in  the  relation  of  an 
oxidatiuu  product.     Bilirubin  is  given  the  formula  C„H„N,0,. 
and  biliverdin,  C,9H,gNjO^,  the  latter  being  prepared  readily  fmtu 
the  former  by  oxidation.     These  pigments  give  a  characteristir 
reaction,  known  as  "Gmelin's  reaction,"  with  nitric  acid  con- 
taining some  nitrous  acid  (nitric  acid  with  a  yellow  color).   If 
a  drop  of  bile  and  a  drop  of  nitric  acid  are  brought  into  con- 
tact, the  former  undergoes  a  succession  of  color  changes,  tlie 
order  being  green,  blue,  violet,  red,  and  reddish  yellow.    The  piny 
of  colors  Ls  due  to  successive  oxidations  of  the  bile  pigments;  starting 
with  bilirubin,  the  first  stage  (green)  is  due  to  the  formation  of  bili- 
verdin.   The  pigments  formed  in  sonie  of  the  other  stages  have  been 
isolated  and  nameil.    The  reaction  is  very  delicate,  and  it  is  often 
usetl  to  detect  the  presence  of  bile  pigments  in  other  liquids— urine, 
for  example.     The  bile  pigments  originate  from  hemoglobin,   TIm 
origin  was  first  indicated  by  the  fact  that  in  old  blood  clota  or  in 
e.\travasations  there  was  found  a  crystalline  product,  the  30-called 
"hematoidin,"  which  was  imdoubtetlly  derived  from  hemoglobin, 
and  which  upfjn  more  careful  examination  was  pnived  to  Ije  identical 
with  biliRibin.    This  origin,  wliieh  has  since  been  made  probahlebv 
other  reactions.  Is  now  universally  accepted.     It  b  supposed  th«l 
when  the  l>lood-corpusclea  disintegrate  the  hemoglobin  is  brougi>t  to 
the  liver,  and  there,  under  the  inflinence  of  the  liver  cells,  is  converted 
to  all  iron-free  compound,  Inlirubin  or  Inliverdin.     The  bilimbir 
is  formeil  from  the  hemntin  of  the  hemoglobin  by  a  process  which 
involves  the  splitting  off  of  its  iron.     It  is  ver>'  significant  that 
the  iron  separated  by  this  means  from  the  heniatin  L«,  for  the  most 
part,  retained  in  the  liver,  a  small  portion  only  beuig  secreted  in 
the  bile.     It  seems  probable  that  the  iron  held  back  in  the  liver  i* 
again  usetl  in  some  way  to  make  new  hemoglobin  in  the  hem»- 
tuprdetic  organs.     Since  the  hematin  constitut-es  only  4  per  cent, 
of  the  hemoglobin  molecule,  it  is  evident  that  in  the  production 
of  the  bilirubin  a  considerable  amount  of  globin  nmst  be  fornwi 
also,  but  nothing  is  known  of  the  fate  of  this  portion  of  the  hemo- 
globin  molecule.     Quantitati%'e  data,  in  fact,  are  conspicuously 
lacking  in  regard  to  the  amount  of  bile  pigment  secreted  daily. 
Owing  to  the  lack  of  a  satisfactory  method  of  estimating  this 
substance,  its  percentage  in  the  bile,  as  given  by  different  authors, 
varies    greatW,  ttom  .04  \teT  c^wV.  Xjo  <:s.'1SS  "ijiftT  cent.    The  hile 
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)igments  are  carried  in  the  bile  to  the  iluoclenum  and  are  mixi-cl 
fvith  the  food  in  its  long  p;iss!vgr  through  tlic  intestine.  Umler 
normal  cunditiims  neither  hdirubin  nur  bilivei'diii  occurs  in  the 
[feces,  hut  hi  their  phice  is  fuunci  a  reduction  product,  urobilin 
)r  stereobiliii,  furmeil  in  the  lurge  uitestine.  Murei)ver,  it  is 
believetl  that  some  of  the  bile  pigriieiit  Ls  reabsorbed  iis  it  [nisses 
along  the  intestine,  is  curried  t«)  the  liver  in  the  portal  blood,  and 
is  again  eliminated.  That  this  action  occurs,  or  may  occur,  has 
been  ma<le  prol>able  by  experiments  of  Wertheinxer*  on  dogs.  It 
happens  that  sheep's  liile  contains  n  pigment  (choloheinatin)  that 
give.s  a  characteristic  spectrum.  If  souxe  of  this  pigment  is  injected 
into  the  tnesenteric  veins  of  a  dog  it  is  eliminated  while  passing 
through  the  liver,  and  can  lie  recognized  unchanged  in  the  bile. 
The  value  of  this  "nrculation  of  the  bile,"  so  far  as  the  pigments  are 
concerned,  is  not  ap[>arcnt. 

Bile  Acids. — "  Bile  acids"  is  tlie  name  given  to  two  organic  acids, 
glycocholic  and  tourocholic,  wliich  are  always  present  in  bile,  and, 
indeetl,  form  very  iniix)rtant  constituents  of  that  secretion;  they 
occur  in  tlie  fnnn  of  their  respective  sodium  salts.  In  human  liile 
both  acids  are  usually  foimd,  but  the  projwrtion  of  taurocholatc 
is  variable,  and  in  some  cases  it  may  be  absent  altogether. 
Among  herbivora  the  glycocholate  pnxbminates,  as  a  nile,  although 
there  are  some  exceptions;  among  the  camivora,  on  the  other  liand, 
[taurocholate  occurs  usually  in  greater  quantities,  and  in  the  tiog's 
jile  it  is  present  alone.  Giycoctiolic  acid  has  the  formula  Cj,H„NOj, 
and  taurooiiolje  acid  the  formida  CjJ-l^jNSO,.  Each  of  them  can 
be  obtained  in  the  fonn  of  crv'stals.  When  boiletl  with  acids  or  alka- 
lies these  aciils  take  up  water  and  undergo  hydrolytic  cleavage,  the 


C»H„NO,    + 
Olyooohulio  acid. 


CluiUe  and.     Glycocul 


CH,(NH,>COOH. 

ixicuTl  (aciuio-itcetic-acid). 


C»H„NSO^  +   H,0  =  C«H„0. 
luroehcdic  aod.  Cholic  acid. 


Tauriii  (iuniD(>-«thyl- 
aulpbonic  add). 


» These  reactions  are  interesting  not  only  in  that  the}'  throw  light  on 
the  structiire  of  the  acids,  but  also  Iwcause  similar  reactions  doubtless 
take  place  in  the  intestine,  cholic  acid  ha\T.ng  been  detected  in  the 

■intestinal  contents.  As  the  fonnulas  show,  cholic  acid  is  formed  in 
the  decomposition  of  each  acid,  and  we  may  regard  the  bile  acids  as 
compounds  produced  by  the  synthetic  union  of  cholic  acid  with 
glycin  in  the  one  case  and  with  taurin  in  tfie  other.  Cholic  acid 
or  its  compounds,  the  l>ile-acids.  are  u.si;ial!y  detected  in  suspected 
, liquids  by  the  well-known  IVttcnkrjfer  reaction,  As  usually  per- 
formed, the  test  is  made  by  adding  to  the  liquid  a  few  drops  of  a  10 

•  "Archives  de  phyaiulogif  normiiie  et  pathologique,"  1892,  p.  577. 
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per  cent,  solution  of  cane-siigar  and  then  strong  sulphuric  acid.  The 
latter  must  be  added  carefully  and  the  temperature  be  kept  below 
70°  C.  If  bile  acitJs  are  present,  the  liquid  assumes  a  red- violet 
color.  It  is  now  knowTi  that  the  reaction  consists  in  the  formation 
of  a  substance  (furfuntl)  by  tlie  action  of  the  acid  on  sugar,  M'hich 
then  reacts  with  the  bile  acids.  The  bile  acids  are  formed  dim-tly 
in  the  liver  cells.  This  fact,  which  was  for  a  long  time  the  subject  of 
discussion,  has  been  demonstrated  in  recent  years  by  an  important 
series  of  researches  made  upon  birtls.  It  has  been  shown  that  if  the 
bile-duct  is  ligated  in  these  animals,  the  bile  formed  is  reabsorUidanil 
bile  acids  and  pigments  may  be  detected  in  the  urine  and  the  blood. 
If,  however,  the  liver  is  completely  extirpat«l.  then  no  trace  of  either 
bile  acids  or  bile  pigments  can  be  foimd  in  the  blood  or  the  urine, 
showing  that  these  substances  are  not  formed  elsewhere  in  the  body 
than  in  the  liver.  It  is  more  difficult  to  ascertain  from  what  nub- 
stances  they  are  formed.  The  fact  that  glycocoU  and  taurin  con- 
tain niti'ogen,  and  tfiat  the  latter  contains  sulphur,  indicates  ihiit 
sonic  prutein  constituent  is  broken  down  during  their  productinn. 

From  the  Ktandpoint  nf  mitrition  the  taurncholate  is  interesting  nf  pnnR 
one  of  the  forms  in  ivlijch  the  sulphur  of  jjrotein  material  i.s  eliminated.  ?»"n»e 
light  has  been  thrown  «r>on  the  origin  of  taurin  liy  the  discover\'  (Frietlnuum*) 
that  it  may  be  formed  from  cystin.  This  bttcr  bcxlv,  C^rfuN^O,.  or  it» 
rethiflion  [>roduct  cyBt4.Hn,  is  known  to  occur  as  one  of  ific  end-products  in  the 
acid  hyilrolyaia  of  proteins,  and  it  is  ix>ssible  that  it  occurs  al.so  in  the  tryplif- 
erepsin  hydroly.sis  m  the  .small  intcstiiu',  reprej*enting  the  end-produrl  in  wiiich 
the  tiuljihur  of  tlie  [irotj'in  iiiulecult'  is  fotitid.  Cystin  mnv  be  oxidi»?d  to 
cystoinic  acid  {('OUHt",H,NHiSO,jOH)  and  from  this  taurin  (CjH^NH^/.'H) 
may  be  obtained.  It  i.s  probable,  therffore,  that  the  taurin  is  formed  lln^ 
mally  from  cystin  in  the  body  and  that  the  latter  reprezsenti*  one  of  llie  «pli' 
products  of  protein.!  Some  of  the  sulphur  of  the  cystin  appears  also  in  the 
urine  in  oxidizetl  form  a^^  sulphate.  Cnder  certain  pathological  condilioo* 
the  cystin  iteelf  appears  in  the  urine,  giving  the  phenomenon  of  cystinuria. 

A  circumstance  of  considerable  plnsiological  significance  is  that 

these  acid.s  or  their  deconip<j.sition  products  are  absorbed  in  part  froffi 

the  intestine  and  are  again  secreted  by  the  liver;  as  in  the  case  of  the 

pigments,  there  is  an  intestinal-hepatic  circulation.    The  value  of  this 

reabeorption  may  lie  in  the  fact  tfiat  the  bile  acids  constitute  a  veiy 

efficient  stimulus  t-o  the  bile-secreting  activity  of  the  cells,  being  oM 

of  the  best  of  cholagogues,  or  it  may  be  that  it  economizes  mat«rijil. 

From  what  we  know  of  the  lii.st«ry  of  the  bile  acids  it  is  evident  th»t 

they  are  not  to  Ix'  con.sidcred  solely  as  excreta:  they  have  aofne 

important  function  to  fulfill.    The  following  suggestions  as  to  their 

vahie  have  l>een  matle:  In  the  first  place,  they  serve  as  a  menstninn* 

for  dissolving  the  chotesteriu  which  is  constantly  present  in  the  biJ* 

and  which  is  an  excretion  to  be  removed;  secondly,  they  facilitate 

greatly  the  splitting  and  the  absorption  of  fats  in  the  intestine.   " 

*Frie^lmann,  "  Hofmeistcr'.*  BcitrJLge,"  3,  1.  1902. 

t  See  SimoTi,  "  JoVvna  HopVtvaa  Hospital  Bulletin,"  15,  365,  1904. 
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IS  an  undnubtofl  fact  that  whpn  bile  is  shut  nff  from  the  intestine  the 
absorption  of  fats  is  ver>'  muc?.h  diminished,  and  it  has  ijeen  shown 
that  this  action  of  tlie  bile  in  fat  absorption  is  due  chiefly  to  the 
presence  of  the  biJe-aeids,  and  in  the  siime  way  the  known  acti- 
vating influence  of  bile  upon  the  activity  t<f  pancreatif  lijtase  iias 
been  traced  t*j  the  bile-iicids.  The  Ijile-acitls,  the  tauroeholate,  at 
least,  possess  the  property  of  precipitating  proteins  in  acid  solu- 
tions. This  property  probably  explains  the  fact  that  the  acid 
chyme  as  it  passes  into  the  duodenum  ia  precipitated  by  coming 
into  contact  with  the  bile,  a  fact  wliicb  has  long  been  known, 
although  its  physiological  stgniticjuice  Is  not  clear. 

Cholesterin  or  Cholesterol. — Choleaterin  is  a  non-nitrogenous 
substance  of  the  formula  CVHtuO.  (See  p.  79.)  It  is  a  constant 
constituent  of  the  bile,  although  it  occurs  in  variable  (juantitiea. 
Cholesterin  is  very  widely  distributed  in  the  body,  being  found 
especially  in  the  white  matter  (medullary  substance)  of  nerve- 
fibers.  It  seems,  moreover,  to  be  a  constant  constituent  of  all 
animal  and  plant  cells.  It  is  assumed  that  chole-sterin  is  not 
formed  in  the  liver,  but  that  it  is  eliminated  l>y  the  liver  cells 
from  the  blood,  which  collects  it  from  the  variou.s  tissues  of 
the  body.  This  is  at  least  a  possible  explanation  of  it-s  occur- 
rence in  the  bile,  for  it  seeniis  certain  that  the  cholesterin  is  a 
constant  constituent  of  the  blood,  either  as  such  or  in  the  form 
of  an  ester.  Some  authors  suggest,  however,  that  in  the  disso- 
lution of  red  corpu-scles  that  takes  place  in  the  liver  the  cho- 
lesterin liljerated  from  the  stroma  of  the  corpuscles  forms  the 
source  of  the  cholesterin  found  in  the  bile.  That  it  is  an  excretion 
is  indicated  by  the  fact  that  it  i.s  eliminated  in  the  feces,  but  here 
again  the  opposite  view  has  been  suggested  that  the  cholesterin  is 
in  part  at  least  reab.sorbed  and  used  again  in  the  formation  of 
new  tissue.*  Cholesterin  is  insoluble  in  water  or  in  dilute  saline 
liquids,  and  is  held  in  solution  in  the  bile  by  means  of  the  bile-acids. 
We  must  regard  it  a.s  a  wstste  proiluct  of  cell  life,  formed  i>robab!y 
in  minute  quantities,  and  excreted  mainly  through  the  liver.  It 
is  partly  eliminated  through  the  skin,  in  the  sebaceous  and  sweat 
secretions,  and  in  the  milk. 

Lecithin,  Fats,  and  Nucleo-albumin. — Lecithin,  C.iHon- 
NPO,.  is  a  compounti  ni  glycerophosphnric  acid  with  fatty  acid 
ra<licals  (stearic,  oleic,  or  palmitic)  and  a  nitrogenous  biise,  cholin 
(see  p.  79).  When  hydrolyzetl  by  boiling  with  alkali  it  splits 
up  into  these  three  substances.  It  is  found  generally  as  such, 
or  in  combination,  in  all  cells,  and  evidently  plays  son»e  as  yet 
unknown  part  in  cell  metabolism.  It  occurs  in  largest  quantity 
in  the  white  matter  of  the  ner\'ous  system.  In  the  liver  it  occurs 
to  a  considerable  extent  both  as  lecithin  and  in  a  more  complex 
*  See  Gardner  and  co-workura,  "  Proc.  Roy.  Sew.,"  D,  vols.  SI  and  82,  1010. 
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combination  with  a  carbohydrate  residue,  a  compound  designated 
as  jecorin.  So  far  as  it  is  found  in  the  bile,  it  represents  possibly 
a  waste  product  derived  from  the  Uver  or  from  the  body  at  laif;e. 
Little  is  known  of  its  precise  physiological  dgnificance.  According 
to  Hewlett  and  others  it  may  serve  to  activate  the  lipase  of  the 
pancreatic  secretion. 

The  special  importance,  if  any,  of  the  small  proportion  of  £at8 
and  fatty  acids  in  the  bile  is  unknown.  The  Topy,  mucilaginous 
character  of  bile  is  due  to  the  presence  of  a  body  formed  in  the  bile- 
ducts  and  gall-bladder.  This  substance  was  formerly  designated 
as  mucin,  but  it  is  now  known  that  in  ox  bile  at  least  it  is  not  a  true 
mucin,  but  a  nucleo-albumin  (see  appendix).  Hammaisten  reports 
that  in  human  bile  some  true  mucin  is  found.  Outside  the  fact  that 
it  makes  the  bile  viscous,  this  constituent  is  not  known  to  possess  any 
especial  physiological  significance. 

The  Secretion  of  the  Bile. — Numerous  experiments  have  been 
made  to  ascertain  whether  or  not  the  secretion  of  bile  is  controlled 
by  a  special  set  of  secretor>'  fibers.  The  secretion  itself  is  continuous, 
but  varies  in  amount  under  different  conditions.  These  conditions 
may  be  controlled  experimentally  in  part.  It  has  been  shown,  for 
example,  that  stimulation  of  the  spinal  cord  or  splanchnic  nerve 
diminishes  the  flow  of  bile,  while  section  of  the  splanchnic  branches 
may  cause  an  increased  flow.  These  and  amilar  actions  are  ex- 
plained, however,  by  their  effect  on  the  blood-flow  through  the  li\'er. 
The  splanchnics  earn-  vjvsomotor  ner\es  to  the  liver,  and  section  or 
stimulation  of  these  nerves  will  therefore  alter  the  circulation  in  the 
organ.  Since  the  secretion  increases  when  the  blood-flow  is  increased 
and  riVf  versa,  it  is  l>elieved  that  in  this  case  no  special  secretork' 
nerve  fiben?  exist.  The  metalx)lic  processes  in  the  liver  cells  which 
produce  the  secretion  prolmbly  go  on  at  all  times,  but  they  are 
increaswl  when  the  bUxnl-flow  is  increased.  We  may  l)elieve,  there- 
fore, that  the  quantity  of  the  bile  secretion  varies  with  the  quantity 
and  com|x>sition  of  thr  hIcKKl  flowing  through  the  liver,  and  that 
the  bUHHi  itrntain."*  nonnally  chemical  suhstanr»>s  of  the  natun-  of 
honnon»^.  which  st insulate  the  liver  cells  to  -MH-rete  bile.  On  the 
physioU>gical  and  pharma(*ological  side  efTt)rts  have  IxK'n  made  to 
<liscover  the  natun*  of  tin-  substances  which  stimulate  the  formation 
of  bil«\  Surh  substance:*  are  designatc<l  as  cholagi>gues.  Thethrra- 
IxHitital  agi*nts  capal>le  of  tiiving  this  action  an*  .«itill  a  subj«'«>t  of  con- 
tri>ver^y.  On  the  pliy^iolopiral  side  the  following  facts  an*  acc»'pt«»«l 
.\ny  agi'Ht  that  caus««s  an  henu»lysis  t»f  ntl  (Mrpus<'les  increa.sos  the 
flow  of  bile.  i>r  the  sjiiue  otTtft  is  prmluct^l  if  a  solution  of  hemofriohin 
is  injtvt«>«ldinvtly  into  the  bK»»Hl.  This  n-sult  is  in  harmony  with 
the  views  already  stattnl  n-eanlinf;  the  signitieance  of  the  bile  pijj- 
ments  as  .-in  excn^tory  pnxlurt  of  hemoglobin.  The  cholagQgur 
whiw>  ai  t  ion  is  nu^t  dist  inct  anil  prolonged  Ls  bile  it^^elf .    When  fed 
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or  injected  directly  into  the  circulation,  V)ile  causfK  an  undoubted  in- 
crease in  the  seeretion.  This  effect  is  due  both  to  tne  bile  acid«  and 
bile  pigments.  Since  the  bile  acids  have  a  hemolytic  effect  on  red 
corpuscles,  it  might  at  first  l>e  assunie<l  that  their  action  as  chola- 
gogues  is  due  indirectly  to  this  circumstance.  The  action  of  the 
bile  acids  is,  however,  much  more  |)ruiirjunced  than  that  i»'  other 
hemolytic  agents,  and  it  seems  certain,  therefore,  that  they  exert 
a  specific  effect  on  the  liver  cells.  So  also  it  is  stated  (Weinberg) 
that  [jeptones  and  proteoses  have  a  marked  stimulating  effect, 
and  since  these  substances  may  be  brought  U)  the  liver  in  the 
portal  bloo<i,  it  is  jwssible  that  they  act  as  stimuli  under  normal 
conditions.  Lastly,  there  is  evidence  that  the  secretin,  whose  ac- 
tion upon  the  puncreatic  secn^tioii  has  Ix'en  de.scribetl,  exerts  a  sim- 
ilar effect  upon  the  st'cretion  of  bile.  Statements  differ  somewhat  in 
n^ard  to  the  extent  of  this  action,  but  it  seems  to  be  certain  that, 
when  acids  (0.3  percent.  HCl)are  injected  into  the  duodenum  or  upper 
part  of  the  jejunum,  the  secretion  of  bile  is  increased;  and,  since 
this  effect  takes  place  when  the  nervous  connections  are  severed,  the 
effect,  as  in  the  cawe  of  the  pancreatic  secretion,  is  explained  by  aa- 
auniing  that  the  acid  converts  prosecretin  to  secretin,  and  this 
latter  after  absoqition  into  the  blood  acts  upon  the  liver  cells.* 
A  similar  effect  may  lie  obtained  by  injecting  secretin  tlirectly  into 
the  blood.  Since  during  a  meal  the  stomach  nonnally  ejects  acid 
chyme  into  the  duodemun,  the  importance  of  this  secretin  reaction 
in  adapting  the  secretion  of  bile  to  the  period  of  tligestion  is  evident, 
The  Ejection  of  Bile  into  the  Duodenum — Function  of  the 
Gall-bladder. — Although  the  Iiile  is  fonnetl  more  or  less  continu- 
ously,it  enters  the  duodenum  jxTiodically  during  the  time  of  liigestion. 
The  secretion  during  the  inter\'euing  periods  is  prevented  from  enter- 
ing the  duodenuni  apparently  by  the  fact  that  the  opening  of  the 
common  bile-duct  is  closed  by  a  sphincter.  The  secretion,  therefore, 
backs  up  into  the  gall-bladder.  According  to  Hnms.f  no  bile  appears 
in  the  duodenum  a.*'  li>ng  jus  the  stntiiach  is  empty.  When,  how- 
ever, a  meal  is  taken,  tfie  ejection  uf  theciiyme  into  the  duudeuum 
is  followed  l)y  an  ejectinn  of  bile.  J  It  would  seem,  therefore,  that 
ea<'h  gush  of  chyme  into  the  duodenum  excites,  probably  by  reflex 
a<'tion,  a  contractinn  of  the  gall-bhulder,  iuu\  an  inhiliitioti  of  the 
spliincter  closing  the  ojiening  hito  the  intestine. 

.An  JnterpstinK  application  of  this  fact  has  twen  made  in  surgical  practicfi. 
Afl^r  oiK'ratioru'  upon  the  Kall-hla(l<ltT  trnvibilc  is  pxpcrienccd  at  times  owing 
to  the  failure  of  tfit'  IJHtuious  ofH-iiirjf;  to  heal,  nn  timt  tlicre  is  constant  oozing 
of  (fall.  It  is  found  t1i.it  freqm-nt  ffcding  of  tlic  patient  facilitates  the  per- 
munont  closure  of  tlic  fistula,  Ix'caiisc  apparently  (lu'  sphincter  is  kept  inhibited 
and  the  pressure  in  the  gall-btaddir  is  lowcrwl. 

•  See  Fiillowc,  quoU*<l  in  Maly's  "Jahrca-tMTich*  derThiei^-cheniie,"3.3,611, 
lfl04.  t  "Archives  di-s  ew-icnces  bioloKifiiM-s,"  7,  S7,  lR9t). 

J  Sec  alflo  Kloflni/.ki,  iiuoUhI  from  Maly's  '  Jidiri's^bericht  ilor  Thicr- 
chemie,"3:i,  017.  ll«M. 
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The  substances  in  the  chyme  that  are  respftnsihle  for  the  sti 
ulation   have  been  investigate<l  by  Bruns.     He  finds  that  act 
jilkalies,  iukI  starches  ara  ineffeftive,  and  conclurles  that  the  ref 
is  due  to  the  proteins  and  fats  or  some  of  the  products  of  th 
digestion.     The  gall-blatlder  has  a  muscular  coat  of  plain  mt 
and  records  made  of  its  contrartions  show  that  the  force  exer 
is  quite  small.      According  to  Freese,*  the  maximal  contract 
does  not  exceed  that  necessary  to  o\ercome  the  hydrostatic  pres-s^ 

of  a  column  of  water  220  mnjs.  in  height, — a  fnrce,  therefore,  wb itij 

is  about  equivalent  to  the  secretion  pressure  of  bile  as  determiir-raed 
by  Heidenhaiu.  The  innervation  of  the  gall-bhwlder  and  gall-di^^^cta 
has  been  studied  ej^pecially  by  Doytm.'j'  It  would  seem,  from  -the 
experiments  made  by  this  author  together  with  later  experirae=!5s'nl9 
reported  by  others,  J  that  the  bladder  receives  both  motor  and .    in- 
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"■  — (^rves  shomrvg  the  velocity  of  f««retioii  of  bile  into  the  duodenum  oa 
11)  A  diet  ol  milk.  upnerrtHHit  curve;  (2)  a  diet  of  meat,  middle  curve;  (3)  a  diet  of  brM-L 
k)weM  curve.  X"he  liivLurtiiH  on  the  sltMiaaa  repreaent  intervals  of  thirty  minutea;  tin 
ngureo  oo  the  ordiDatea  represent  tlie  volume  of  aecretion  ia  cubio  oentimeters. — (^rvM.) 

hibitorj'  fibers  by  way  of  the  splanchnic  nerves.  These  fillers  emerge 
from  the  spinal  cord  in  the  roots  of  the  sLxth  thoracic  to  the  fin* 
lumbar  spinal  nerve,  and  pass  to  the  celiac  plexus  by  way  of  the 

*  "  Johna  Hopkins  Hospital  Bulletin,"  June,  1905. 

fDoyon,  ".\rchvvea  dc  phv*w^\^¥^'\"  \'^^^\v.  \ft, 

}  Bainbridge  and  Dale,  "  lovunaAol  YV^sWiW^^"  ViRib,-sx»Cv^\3S^ 
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■splanchnic nerves.  Motorfibersmay  occur  also  inthe  vagi.  Sensory 
fibers  capable  of  causing  a  reflex  constriction  or  dilatation  of  the 
bladder  are  found  in  both  the  vagus  and  splanchnic  nervt^.  Stim- 
ulatiun  of  the  central  end  uf  the  cut  splanchnic  cause's  a  dilatation 
of  the  bladder  (reHex  stimulation  of  the  inhibitory  libers),  while 
stifnulation  of  the  central  end  of  the  vagu-'?  causes  a  contraction 
of  the  bhulder  and  a  dilatation  (inhibition)  of  the  sphincter  mu.scle 
at  the  opening  of  the  eoninum  duet  into  the  intestine.  These 
latter  movements  are  the  ones  that  occur  during  normal  digestion. 
When  bile  is  emptied  periodically  into  the  duodenum  by  a  contrac- 
tion of  the  gall-bladder,  we  may  suppose,  therefore,  that  the  afferent 
fibers  concfmed  in  the  rctkx  run  in  the  vagus  nerve. 

Effect  of  Complete  Occlusion  of  the  Bile-duct.— When  the 
flow  of  bile  is  prevented  by  ligation  of  the  bile-duct,  or  when  tlu.s 
duct  is  occluded  by  pathological  changes  the  bile  eventually  gets 
into  the  blood,  pro<lucing  a  condition  of  jaimdid'  (ictei'u.s).   There 
has  been  much  discussion  as  to  whether  the  bile  is  abi'oibed  directly 
into  the  blood  from  the  liver  cells  or  the  liver  lymph-spaces,   or  M 
wliether  it  is  carried  to  the  blood  by  way  of  the  Iyniph-ve.s.'«Ls  and    ' 
thoracic  duct.*     Experimentnl  evidence  points  to  both  possibili- 
ties.    The  increased  pressure  in  the  bile  system  ieiuls  possibly  to  a 
rupture  of  the  delicate  liile  capillaries,  and  the  bile  thus  escapes 
into  the  lymph-spaces.       From  these  space.s  it  may  be  ab.sorbed 
directly  by  the  blood-vesssels  of  the  liver,  or  if  may  be  carried  off    ■ 
in  the  lymph-stream  toward  the  thoracic  duct.  I 

General  Physiological  Importance  of  Bile. — The  physiological 
value  of  bile  has  bet^n  rcft^rred  to  in  sjieaking  of  it-s  several  constitu- 
ents. Bile  is  of  importance  as  an  excretion  in  that  it  removes  from  ■ 
the  Fjody  waste  products  of  mefcibolisrn,  such  as  cholest^rin,  lecithin, 
and  bile  pigmenta.  Wi  th  reference  to  the  pigments,  there  is  evidence 
to  show  that  a  part  at  least  may  be  reabsorl^ed  while  passing  through 
the  intestine,  and  be  used  again  in  some  way  in  the  body.  The  bile 
acids  represent  end-pn)ducts  of  metaboli-sm  invoh^ng  the  proteins 
of  the  liver  celKs,  but  they  are  undouht€tlly  reabsorbed  in  ]>art,  and 
can  not  l>e  regarded  merely  as  excreta.  As  a  digestive  secretion,  the 
most  important  function  attributed  to  the  bile  is  the  part  it  takes  in 
the  digestion  and  absorption  of  fats.  It  accelerates  greatl>'  the  action 
of  the  lijKise  of  pancreatic  juice  in  splitting  the  fats  to  fatty  acitls  and 
glvcerin.  and  it  aids  materinlly  in  the  absorption  of  the  products 
of  this  hydroly-sis.  A  nunil>er  of  obser^'ers  have  shown  that  when  a 
permanent  biliary  fistula  is  ni:ide,  and  the  bile  is  thus  prevented  from 
reaching  the  intestinal  canal,  a  lai^e  projiortion  of  the  fat  of  the  food 
escapes  absorption  and  is  found  in  the  feces.  Tliis  action  of  the 
bile  may  be  referred  directly  to  the  fact  that  the  bile  acids  serve  as  a 

•  Sec  Mendel  and  I'riderliill  for  litfraliire,  "American  Journal  of  Phys- 
iology." 1905,  xiv.,  252. 
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solvent  for  the  fats  and  fatty  acids.  It  was  formerly  believe*!  that 
bile  is  also  of  great  importance  in  restraining  the  proeesses  of  putrei- 
faction  in  the  intestinf.  It  was  a.sserte<:l  that  bile  is  an  efficient, 
antiseptic,  and  that  this  property  comes  into  use  nonnally  in  preveni 
ing  excessive  putrefaction.  Bactedological  experiments  made  by  a 
number  of  observers  have  shown,  however,  that  bile  itself  has  vct>- 
feeble  antiseptic  projierties,  as  is  indicated  by  the  fact  tliat  it  piitrefios 
n-jidily .  Tho  free  tjite  acids  and  rhttlalic  acid  do  have  a  tlinect  retard-J 
ing  effect  upon  put  refactions  outside  the  Ixxiy ;  but  this  action  is  nc 
ven,'  pronounceii,  and  has  not  l>een  demonstrate'd  satisfjictorily  for 
bile  it«elf.  It  seexns  to  Ije  generally  true  that  in  cases  of  biliary  hstulft , 
the  feces  have  a  ver\'  fetitl  odor  when  meat  and  fat  are  taken  in 
food.  But  the  increaseil  putrefaction  in  these  cases  may  ix>iS8ibly 
an  indirect  result  of  the  withdrawal  of  bile.  It  has  been  8uggested«i 
for  instance,  that  the  deficieiit  absorption  of  fat  that  follows  ujion  the 
removal  of  the  bife  results  in  the  protein  and  carljoliydrate  nmterial 
becoming  coated  with  an  insoluble  layer  of  fat,  so  tliat  the  jienetmtion 
of  the  digestive  enzymes  is  retanled  and  greater  opjiortunity  is  givcm 
for  the  action  of  l>acteria.  We  may  conclude,  therefore,  that,  whik 
tliero  di>es  not  seem  to  be  sufficient  warrant  at  present  for  believing 
that  the  bile  e.xcrt<3  a  direct  antisc]>tic  action  upon  the  intC3$tioal^ 
contents,  nevertheless  its  presence  limits  in  some  way  the  extent  i 
putrefaction. 

Glycogen. — One  of  the  most  important  functions  of  the  lixner  k 
the  formation  of  glycogen.    This  substance  was  found  in  the  li'vcr  b 
1857  by  Claude  liemard,  and  is  one  of  several  brilliant  disco\ 
made  by  him.    Glycogen  has  the  formula  (C,H,^Oj)b,  wliich  is 
the  general  formula  given  to  vegetable  starch;  glycogen  is  thei 
frcfjuently  spoken  of  as  "  animal  starch."     It  gives,  however,  u  port*' 
wine-reil  color  with  iodin  solutions,  instead  of  the  familiar  deep  blue 
of  vegi*tiil)le  starch,  and  this  reaction  ser\'e8  to  detect  glycogen  not, 
only  in  its  solutions,  but  also  in  the  liver  cells.    (Ihcogen  w  readiljrl 
Molubk'  in  water,  and  the  .dilutions  have  a  chamcteri.Htic  opolcfrcnl 
apix-arance.     Ijke  starch,  glycogen  is  acted  upon  by  ptyalin  and 
other  <liiistatic  enzymes,  and  the  en«l-pn>ducls  are  upjxirrntly  tht 
■uiie — namely,  maltos**,  or  maltose  and  some  dextrin,  or  ebw  dex- 
trooe,  depending  u})on  tho  enzyme  used,     lender  the  influence  al' 
aridit  it  may  be  hydn»lyze<l  at  once  to  dextrose.* 

Occurrence  of  Glycogen   in  the  Liver. — (ilyco|$en  can  be 

d0tccto<^i  in  the  liver  cells  micnwcopically.    If  the  Ii\t!r  of  a  (^  il 

renKiveil  twelve  or  fourteen  hours  after  a  hearty  meal,  hardened  U 

alcohol,  and  sectioned,  the  hver  (>ells  are  found  to  contain  dump 

of  clear  materijil  which  give  the  icHlio  retiction  for  glycogen.     K^m 

• 'llip  ««\(viiKivfi  liteniiurv     '    '  n  .f««,'.  ntul  reviewnl  Uv 

nieriii  ttif'  1  rK<l«iiiN^  .icr  I'l  ;i  i,  iwri;  and  by  I*iS«. 

^Afi'liiv  {.  ilio  KUr-iiiimitc  ^lly^n•lll^l^,     ■••u,  i,  i  "l,^. 
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?heii  distinct  agjajegationsof  the  fjjlycoprn  cannot  be  made  out,  its 
presence  in  the  cells  is  shov^Ti  by  the,  rod  nyit'tion  with  iodin.  By 
tliis  simple  method  one  fan  demonstrate  the  important  fact  that  the 
amount  of  glycogen  in  the  liver  increases  after  meals  and  decreases 
Again  during  the  fasting  hours,  and  Lf  the  fast  is  sufficiently  prolonged 
it  may  disap]>ear  altogether.  This  fact  is,  however,  shown  more 
satisfactorily  by  quantitative  determinations,  by  chemical  means, 
of  the  total  glycogen  present.  The  amount  of  gljcogoii  in  the 
liver  is  quite  variable,  being  influenced  by  such  conditions  as  the 
character  and  amoimt  of  the  food,  muscular  exercise,  lx)dy  tem- 
perature, drugs,  etc.  From  determinations  n\ade  upt>n  various 
animals  it  may  be  said  that  the  average  ainoimt  lies  between  1 .5  and 
4  {jer  cent,  of  the  weight  of  the  liver.  But  this  amount  may  be  in- 
creased greatly  by  feeding  upon  a  diet  largely  made  up  of  carlxihy- 
drates.  It  Ls  said  that  in  the  dog  the  total  amount  of  liver  glycogen 
may  be  raised  t<i  17  (jer  cent.,  and  in  the  rabbit  to  27  per  cent.,  by 
this  means,  while  it  is  estimated  for  man  (Neumeister)  that  the  quan- 
tity may  be  increasetl  to  at  least  10  jjer  cent.  It  is  usually  believed 
that  glycogen  exists  as  such  in  the  liver  cells,  being  depo8ite<l  in  the 
Bubfltance  of  the  cytoplasm.  Reasons  have  been  brought  forward 
to  show  that  this  is  not  strict!}'  true,  and  that  the  glycogen  is  prob- 
ably held  in  some  sort  of  weak  chemical  combination.  It  has  been 
shown,  for  instance,  that  although  glycogen  is  easily  soluble  in  cold 
water,  it  can  not  lie  extracted  readily  from  the  liver  cells  by  this  agent. 
One  must  use  hot  water,  salts  of  the  heavy  metals,  and  other  similar 
agents  that  may  be  supposed  to  break  up  the  combination  in  which 
the  glycogen  exists.  For  practical  purposes,  however,  we  may  speak 
of  the  glycogen  as  lying  free  in  the  liver-ceils,  just  as  we  speak  of 
hemoglobin  existing  as  such  in  the  red  coqjuscles,  although  it  is 
probably  held  in  some  sort  of  comfnnation. 

Origin  of  Glycogen. — To  understand  clearly  the  views  held  as 
to  the  origin  of  liver  glycogen,  it  is  neces.sar>'  to  descril^e  briefly  the 
eflect  of  the  different  f(Kxl8tufT8  upon  its  fonnation. 

Effi'cl  of  Carbohydnites  on  tlie  Amourii  of  Glycogen. — ^The  amount 
of  glycogen  in  the  liver  is  affected  very  quickly  by  the  quantity  of  car- 
bohydrates in  the  food.  If  the  carlwhydrates  are  given  in  excess,  the 
supply  of  glycogen  may  l>e  increiised  largely  beyond  the  average 
amount  present. as  has  l>een  stated  above.  Investigation  of  the  differ- 
ent sugars  has  showTi  that  dextrose,  levulose,  saccharose  (cane-sugar), 
and  malto.se  are  unqurstionalily  direct  glycogen-formers, — that  is, 
fcycogen  is  formed  directly  from  them  or  from  the  protlucts  into 
^rhich  they  are  converted  ituring  digestion.  The  bulk  of  our  car- 
bohydrate f(X)d  reaches  the  liver  as  ilextro.se.  or  tis  dextrose  and  levu- 
lose,  and  these  forms  of  sugar  may  Ix*  i-onverteil  into  glycogen  in  the 
liver  cells  by  a  simple  proce.ss  of  dehydration,  such  as  may  be  rcpre- 
itcd  in  substance  by  the  formula  C^HjjO,—  H,0  =  C,H,,Ob. 
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There  is  no  doubt  that  both  dextrose  and  levulose  increase  markwliy 
the  amount  of  glycerin  in  the  liver;  and,  since  cane-sugar  is  inverted 
in  the  intestine  Ix'fore  absorption,  it  also  must  be  a  true  glyotigen- 
former, — a  fact  that  has  liM-n  aliundantly  demonstrated  by  dirwt 
experiment.  Lusk*  has  shown,  however,  that,  if  cane-sugar  Ls  in- 
jected under  the  skin,  it  has  a  ver\-  feeble  effect  in  the  way  of  increas- 
ing the  amuunt  of  glycogen  in  tiie  liver,  since  uiuler  these  eoiitlitioM 
it  is  probal^ly  absorted  into  the  blood  without  undergoing  inversion, 
Experiments  with  subcutaneous  injection  of  lactose  gave  simikr 
results,  and  it  is  generally  believed  tluit  the  liver  cells  can  not  coovert 
the  double  sugars  to  glycogen,  at  lea.st  not  readily;  hence  the  value 
of  the  hydrolysis  of  these  sugars  in  the  alimentary  canal  More 
absorption.  We  may  assume,  therefore,  that  dextrose,  levulose,  and 
galacto.?e  are  the  true  glycogcn-formcra  that  occur  normally  in  the 
blood,  and  that  the  disaccharids  (cane-sugar,  milk-sugar,  etc.)  and 
the  polysaccharids  (starches)  are  true  glycogen-formers  to  the  ex- 
tent that  they  are  converted  into  dextrose,  le^'^Ilose,  or  galactose, 

Effect  of  Protein  on  Glifcogcn  Formation, — In  his  first  studies 
upon  glycogen  Bernard  asserted  that  it  may  lie  formed  from  protfin 
material.  .Since  th:it  time  there  have  l>ecn  much  discussion  and 
experimentation  upon  this  jioint.  The  usual  view  is  that  protein 
must  be  counted  among  the  true  glycogen-fonners  in  the  sense  that 
some  of  the  mat-erial  of  the  protein  molecule  is  directly  converted  lo 
glycogen.  The  protein  in  digestion  undergoes,  it  will  be  remem- 
bered, a  splitting  process,  the  liniit,sof  which  are  not  definitely  settled. 
It  is  assumed,  however,  that  the  nitrogenous  .split  products  are 
acted  upon  in  the  liver,  the  nitrogen  lieing  converted  first  to  nn 
ammonia  compound  and  then  to  urea,  while  the  non-nitrogenous 
residue  is  converted  to  sugar  by  a  syntlietic  process.  Positive 
results  have  been  obtained  showing  tliat  some,  at  least,  of  the 
aniiru>  acids,  such  as  glycin,  alanin,  and  aspartic  acid,  may  be 
converted  to  sugar  in  the  body.  Experimentally  observers  find 
for  the  warm-blooded  animals,  at  least,  that  feetling  with  proteins, 
even  in  the  ca.se  of  those  proteins,  such  as  ca.sein,  that  contiin 
no  carlxihydrate  gr*.)U]>lng,  causes  an  increased  production  <»f 
glycogen,  f  The  conclusion  to  be  drawn  from  these  experiinnnts 
is  strengthened  by  clinicid  experience  upon  human  beings  suffer- 
ing from  diabetes.  In  sevei-e  forms  of  this  disease  the  carbo- 
hydrate material  of  the  food  escapes  oxidation  in  the 
body  and  is  secreted  unchanged  in  the  urme.  If  undf-r 
these  conditions  the  individual  is  given  an  exclusively  protein 
diet,  sugar  still  continues  to  appear  in  the  urine,  and  it  would 
seem  that  this  sugar  can  only  ari.se  from  the  protein  food.  If 
the  similar  condition  of  severe  glycosuria  that   may  be  pro 

•  Voit,  "Zeitachrift  f.  Riologir,"  28,  'iS.'i,  18©1. 

t  See  iSlookey, '' Ajueniiaa  J^owraaX  o\.  V\v;j«o\o(^  "  Q,  138,  1903. 
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{ the  use  of  phloriilzin  it  has  been  phown  that  the  animal 
ntinues  to  excrete  sugar  even  when  fed  on  protein  alone  or  when 
starved.  Under  such  conditions  the  amount  of  dextrose  in  the 
urine  bears  a  definite  ratio  to  the  amount  of  nitrogen  excreted 
D:N:  :3.65  :1  (Lusk),  which  would  indicate  that  both  arise  from 
the  breaking  down  of  the  protein  molecule.  On  this  suppoHition  a 
ma.ximum  of  58.4  per  cent .  of  the  protein  may  be  converted  to  sugar. 
So  also  the  fact  that  during  prolonged  .starvation.  Ia.sting  for  forty 
or  even  ninety  days,  the  blood  retains  a  practically  constant  com- 
pot^ition  in  sugar  inrhcates  tfiat  this  materia!  is  Ix'ing  formed  from 
either  the  prot^-in  or  fat  .supply  of  the  ImmIv.  Other  considerations 
tend  to  exclude  the  fat,  and  we  are,  therefore,  led  to  the  belief  that  the 
protein  can  gi\'e  rise  to  sugnr  in  the  body.  If  thi.«i  chauffp  is  part 
of  the  normal  metaboUsm  of  the  body  it  woidd  make  protein  a  gly- 
Oogea-former,  since  the  sugar  formed  from  the  protein  may,  of  course, 
be  converted  to  glycogen.  Whether  or  not  al!  proteins  yield  g!y- 
cogen  or  .sugar  in  the  body  Ls  not  entirely  determined.  Some 
authors  have  thought  that  only  those  proteins  that  contain  a 
carbohydrate  residue  have  this  property;  but,  as  .statefl  alx)ve, 
€asein  and  other  proteins  that  do  not  pos.seas  this  grouping  seem 
Iso  to  increase  the  glycogen  supply  wiien  fed  alone. 

E^ed  oj  Fats  upon  Glycogen  Fomwtum. — A  large  nimiber  of 
mibstancea  have  been  ioxmd  by  some  observers  to  increase  the  store 
of  glycogen  in  the  liver.  In  some  of  the.se  cases  at  least  it  is  evident 
that  tlie  substance  is  not  a  direct  ghcogen-former  in  the  sense  that 
the  material  is  itself  converted  to  glycogen.  It  may  increase  the 
pply  of  liver  glycogen  in  some  indirect  way, — for  example,  by 

inishing  the  consiunption  of  glycogen  Ln  the  i>otly.  The  most 
important  f5ul>stance  in  thi.s  connection  from  a  practical  standp<")int 

fat.    Whether  or  not  the  body  can  convert  fats  into  sugar  or 

ycogen   is  a  question  about   which  at  present    there  is  much 

ifference  of  opinion,  and  much  evidence  might  be  cited  on  each  side. 

Cremer,  however,  has  furnishwl  apf>arent  proof  t!mt  glycerin  acta 

a  direct  glycogen  or  sugar-fonner.     When  fed,  especially  in  the 

betic  condition,  it  causes  an  increase  in  the  sugar  wtiich  can  not 

be  explained  as  a  residt  of  protein  metalioliam.    Since  in  the  IkkIv 

utral  fats  are  normally  sj>lit  into  glycerin  and  fatty  acid,  the  fact 

t  glycerin  can  be  converted  to  sugar  seems  to  carry  with  it  the 
admission  that  fats  may  contribute  directly  to  sugar  prnduction. 
.Whether  the  synthesis  of  sugar   {vr  glycogen)  from  glycerin  is, 

to  .speak,  a  normal  proce-s-s  or  occurs  only  under  e-sijecial  condi- 

is,  cannot  be  <lecidetl  at  present.      Since,  however,  the  glycerin 

icle  constitutes  but  a  small  fraction  of  the  fat  molecule,  the 
antitative  importance  of  a  change  of  this  kind  cannot  be  very 
eat  under  any  circumstances. 

The    Function    of    Glycogens-Glycogenic    Theory, — The 
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meaning  of  the  formation  of  glycogen  in  the  liver  has  been,  and 
atil!  is,  the  subject  of  lii^cussion.     The  view  advanced  first  by 
Bernard    is    perhap»s    most    generally  accepted.      According  to 
Bernard,  glycogen    forms  a  temporary  reserve  supply  of  carbo- 
hydrate material  tfiat  is  laid  up  in  the  liver  during  digestimi  and 
is  gradually  made  use  of  in  the  intervals  between  n«e:U.s.   Dumf, 
digestion  the  carljo hydrate  food  is  absorbed  mt<)  the  blood  of  the 
portal  system  as  dextrose  or  a»  dextrose,  levulose,  anil  galaotiw. 
If  these  sugars  pajssed  through  the  liver  unchangerl,  the  oimlwiU 
<if  the  systemic  bl<iod  in  sugar  would  be  increji^ed   perceptibly. 
It  is  now  known  that  when  the  percentiige  of  sugar  in  the  lilwid 
rises   above   a  certain   low   limit  a   condition   of   hyjierglycemii 
prevails,  and  the  excess  is  excreted  through  the  kidney  and  is 
htst.     But  as  the  I>lo{>d  from  the  digestive  organs  pas.^s  thntugli 
the  liver  the  excess  of  sugar  is  abstracted  by  the  liver  cells,  is 
dehydrated  to  make  glycogen,  and  is  retained  in  the  <'ells  in  this 
form  for  a  short  ])eriod.     An  objection  has  lieen  made  to  ihii 
part  of  the  glycogenic  hypothesis  by  Pavy  on  the  ground  th»l 
if  all  tlie  carbohydrates  of  a  niea]  w'ere  ab»orl>ed  into  the  IjKiod 
as  free  sugar,  a  con<lition  of  liyijerglycemia  and  glycosuria  niu.«it 
evidently  result.     We  know  that  glj'cosuria  does  occur  when  the 
carbohydrates  are  eaten   in  excess   (alimentary   glycosuria)  fur 
this  very   reason.     But  within  what   we  may  call  the  nornuJ 
limits  of  a  carbohydrate  diet  it  .seems  most  probal)le  tlmt  the 
contents  of  the  pt>rtal  vein  never  rise  much  above  the  usual  loi-el, 
since  the  carbohydrate  is  absorbed  slowly  during  a  period  of  four 
to  five  hours,  and  during  thus  period  a  very  large  amount  of  hicxvl 
must  flow  through  the  intestines,  as  nmch   |)erhaps  in  five  hour? 
as  180  to  irMJ  liters,  if  (tne  may  apply  to  man  the  results  nf  Burton- 
Opitz,  obtained  for  the  dttg,  namely,  a  How  of  .'tl  i-v.  jier  minute 
for  eacli  100  gnis.  of  intestine.     From  time  to  time  the  glycogen 
of  the  liver  is  reconverted  into  sugar  (dextrose)  and  is  given  off  t'l 
the  blood.    By  this  mean.s  the  percentage  of  sugar  in  the  systemic 
blood  is  kept  nearly  constant  (0.1  to  0.2  per  cent.)  and  within  limits 
best  adapted  to  tb.e  use  of  the  tissues.     The  great  importani'e  of  the 
formation  of  glycogen  and  the  consequent  conservation  of  thie  sugar 
supply  of  the  tissues  is  evident  when  we  consider  the  nutritive  vftluj 
of  carbohydrate  food.    Carbohydrates  form  the  bulk  of  our  ubu«I 
diet,  and  the  proper  regulation  of  the  supply  to  the  tissues  is,  there- 
fore, of  vital  importance  in  the  maintenance  of  a  nonnal,  healthy 
condition,    llie  second  part  of  this  theorj',  wliicli  holds  thai  the 
glycogen  is  reconverted  to  dextrose,  is  supported  by  obserx'ations 
upon  livers  removed  from  the  lx>dy.     It  has  l^een  foimd  that  shortly 
after  the  removal  of  the  liver  the  supplj'  of  glycogen  1)egins  to  ili!^ 
appear  and  a  correspondmg  increase  in  dextrose  occurs.    Within  a 
comparatively  short  tune  bXV  \Xvt  ^^'to^ewxa  ^^.vwt  tov\.  oti^j  ^^^tcoK 
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is  found.  It  is  for  this  rtaHuti  that  in  tht> estimation  of  glycogen  in  the 
liver  it  is  necessary  to  mince  the  organ  and  to  throw  it  into  boiling 
water  as  quickly  as  po>vsii»lp,  since  Vjy  this  means  the  liver  cells  are 
killed  and  tlie  conversion  of  the  gh'cogen  is  stopped.  How  the  gly- 
cogen is  changed  to  dexti'ose  by  the  liver  is  a  matter  not  fully  ex- 
plained. According  to  most  authors,  the  conversion  is  due  to  an 
enzyme  produced  in  the  liver.  Extracts  of  liver,  as  of  some  other 
tissues,  yield  a  diastatie  enzyme  that  changes  glycogen  to  dextrose.* 
It  is  prolmhle,  therefore,  that  the  normal  conversion  of  glycogen 
to  dextTo.se  is  effectetJ  liy  a  si>ecial  enzyme  produced  in  the  liver 
cells.  In  this  description  *t{  the  origin  and  nieaning  of  the  liver 
glycogen  reference  \nv<  l)een  nuide  only  to  the  glycogen  derived 
directly  from  dige.sted  carbohydrates.  The  glycogen  derived 
from  protein  foods,  once  it  is  formed  in  the  liver,  has,  of  course, 
the  same  function.s  to  fulfil.  It  is  converted  int<i  sugar,  and 
eventually  i.s  oxidizer!  in  the  tissues.  For  the  sjike  of  completeness 
it  may  be  well  to  add  that  some  of  the  sugai-  of  the  blood  formed 
from  the  glycogen,  when  an  excess  is  eaten  beyond  the  energy 
needs  of  the  tissues,  may  be  converted  into  fat  in  the  iulipose 
tissues  instead  of  lieing  burnt,  and  in  this  way  it  may  be  retuined 
in  the  bfwly  a.s  a  reserve  supply  of  food  of  a  mnre  stable  character. 
Glycogen  in  the  Muscles  and  other  Tissues. — The  lu-storj-  of 
glycogen  is  not  complete  without  some  reference  to  its  occurrence  in 
the  muscles.  CUycogen  is,  in  fart,  foimd  in  various  places  in  the  body, 
and  is  widely  distributed  throughout  the  animal  kingdom.  It  occurs, 
for  example,  in  leucocytes,  in  the  placenta.,  in  the  rapitUy  growing 
tissues  of  the  embrj'o,  and  in  considerable  abundance  in  the  oyster 
And  other  molluscs.  But  in  our  botlies  and  in  those  of  the  mammals 
generally  the  most  significant  occurrence  of  glycogen,  outside  the 
Uver,  is  in  the  voluntarA'  muscles,  of  which  glycogen  forms  a  noniial 
constituent.  It  has  Ijeen  estimate*  1  that  the  percent^ige  of  glycogen 
in  resting  muscle  varies  from  0.5  to  0.9  per  cent.,  and  that  in  the 
musculature  of  the  whole  body  there  may  be  contained  an  amoimt 
of  glycogen  equal  to  that  in  the  liver  itself.  Muscular  tissue,  as 
well  as  liver  tissue,  has  a  jjlycoKcnetic  function  that  is,  it  is  cap- 
able of  laying  up  a  supply  of  glycogen  from  the  sugar  brought 
to  it  by  the  blood.  The  giycogenetic  function  of  muscle  has  been 
deinonstratetl  directly  by  Kulz.f  who  1ms  shown  that  an  isolatetl 
muscle  irrigateil  with  an  artificial  supply  of  blood  to  which  dextrose 
18  added  is  capable  of  changing  the  dextrose  to  glycogen,  as  shown 
by  the  increase  in  the  latter  substance  in  the  rausc^le  after  irriga- 
tion. Muscle  glycogen  is  to  Idc  looked  upon  as  a  temporary  and 
local  reserve  supply  of  material;  so  that,  wliile  we  have  in  the 
Jiver  a  large  general  depot  for  the  tejtijwran,'  storage  of  glycogen  for 

»  Tebb,  •Jimriial  of  Plivsiology, "  22,  AXi,  18W7-98. 
t  "ZeitMchrift  f.  Biolopic."  72,'237,  1890. 
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the  use  of  the  body  at  large,  the  muscular  tissue,  which,  considmng 
its  bulk,  is  the  most  active  tissue  of  the  body  from  the  stancipoint 
of  energy  production,  is  also  capable  of  laj'ing  up  in  the  form  of  gly- 
cogen any  excess  of  sugar  brought  to  it.  The  fact  that  glycogen 
occurs  so  widely  in  the  rapidly  growing  cells  of  embryos  indicates  that 
this  glycogenetic  function  may  at  times  Im' exercised  by  any  tissui'. 

Conditions  Affecting  the  Supply  of  Glycogen  in  Muscle  and 
Liver. — In  aecordiince  with  the  view  given  above  of  the  general  value 
of  glycogen — namely,  that  it  is  a  temporary  resen'e  supply  o( 
carbohydrate  material  that  may  be  rapidly  converted  to  sugar  and 
oxidized  with  the  liberation  of  energ}' — it  is  foimd  tliat  the  Kjpply 
of  glycogen  is  greatly  affected  b}'  conditions  calling  for  incTBaacd 
metabolism  in  the  body.  Mu.scular  exerci.se  quickly  exhausts  the 
supply  of  muscle  and  liver  glycogen,  pnivided  it  is  not  renewed 
by  new  food.  Observations  on  isolated  muscles  have  shown 
definitely  that  the  local  supply  of  glycogen  is  diminished  when  the 
muscle  is  maile  to  contract  (.see  p.  66).  In  a  starring  animsJ 
glycogen  finally  disappeai-s,  except  perhaps  in  traces,  but  this 
disappearance  occura  much  sooner  if  the  animal  is  made  to  useiti 
muscles  at  the  same  time.  It  bus  been  shown  also  by  Monit  and 
Dufourt  that  if  a  muscle  has  been  made  to  contract  vigorously 
it  takes  up  much  more  sugar  from  an  artificial  supply  of  blood  sent 
through  it  than  a  similiir  muscle  which  has  lieen  resting  :  on  the 
other  hand,  it  has  been  found  that  if  the  nerve  of  one  leg  i.s  cut 
BO  as  to  paralyze  the  muscles  of  that  side  of  the  body,  the  amounl 
of  glycogen  is  greater  in  these  muscles  than  in  those  of  the  other 
leg  that  have  been  contracting  meantime  and  using  up  their  pi)- 
cogen.  The  further  histoiy  of  glycogen  is  considered  in  the  section 
on  Nutrition, 

Formation  of  Urea  in  the  Liver. — The  nitrogen  containd  in 
the  protein  material  of  our  food  is  finally  eliminated,  mainly  in  tl* 
form  of  urea.  It  ha.s  Ijeen  definitely  proved  that  the  urea  is  not 
formed  in  the  kidneys,  the  oi-guns  that  eliminate  it.  It  has  long  been 
considered  a  matter  of  the  greatest  importance  to  a.scertain  in  what 
organ  or  tissues  urea  is  formed.  Imesligntions  have  gone  so  fara^i 
to  demonstrate  that  it  ari.ses  in  part  at  least  in  the  hver;  hence  the 
property  of  forming;  mvn  must  be  added  to  tlie  other  important  func- 
tions of  the  liver  cell.  Schroder*  performed  a  numljer  of  expen- 
ments  in  which  the  liver  was  taken  from  a  freshly  killed  dog  and 
irrigated  through  its  blood-ve.'ssels  with  a  supply  of  blood  ohtaioed 
from  another  dog.  If  the  .supply  of  blood  was  t^iken  from  a  faeticiE 
animal,  then  circulating  it  through  the  isolated  liver  was  not  folloMfd 
by  any  increase  in  the  amount  of  urea  contained  in  it.  If,  on  ibe 
contrary,  the  blood  was  obtained  from  a  well-fed  dog,  the  amount 

♦  Archiv  f .  expenmeutcfe  ?a.\,\io\xj%w  ui\d  Pharmafcologie,"  15,  364,  J8S3. 
and  19,  373,  1885. 
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urea  contained  in  it  wfis  dii'tinctly  increased  by  passing  it  throngh 
the  liver,  thus  indicating  that  the  blood  of  an  animal  after  digestion 
contains  something  that  the  liver  can  convert  to  urea.  It  is  to  be 
noted,  moreover,  that  this  power  i?  not  possessed  by  all  the  organs, 
since  blood  from  well-fpfi  animals  shnweii  no  increase  in  urea  after 
being  circulated  through  an  isolated  kidney  or  muscle,  As  further 
proof  of  the  urea-forming  power  of  the  liver  Schroder  found  that 
if  ammonium  carbonate  was  added  to  the  blood  circulating  tlirough 
the  liver — to  that  from  the  fjisting  as  well  as  from  the  well-nourished 
animal — a  very  decided  incrciuse  in  the  urea  was  always  obtained. 
It  follows  from  the  last  experiment  that  the  liver  cells  are  able  to 
convert  carbonate  of  ammonium  into  urea.  The  reaction  may  be 
expressed  by  the  equation  (NH,)„CO,,— 2Hp  —  CON^H,.  Schon- 
dorff  *  in  some  later  work  showed  that  if  the  blood  of  a  fasting  dog 
is  irrigated  through  the  hind  legs  of  a  well-nourishe<l  animal,  no 
increase  in  urea  in  the  blood  can  be  detected;  but  if  the  blood,  after 
irrigation  tlirough  the  hind  legs,  is  sul>sequently  passed  through  the 
liver,  a  marked  increase  in  urea  results.  Obviously,  the  bloo<l  in  this 
experiment  derives  something  from  the  tissues  of  the  leg  which  the 
tissues  themselves  cannot  convert  to  urea,  but  which  the  liver  cells 
fakD.  Finally,  in  .some  remarkalile  expeiiments  upon  dogs  made  by 
^ur  investigators  (Hahn,  Mas-sen,  Nencki.  antl  Pawlow),  which  are 
described  more  fully  in  the  next  chapter,  it  was  shown  that  when  the 
liver  is  practically  tlestroyed  there  is  a  distinct  diminution  in  the 
^rea  of  the  urine.  In  birds  uric  acid  takes  the  place  of  urea  as  the 
B^in  nitrogenous  excretion  of  the  body,  and  Minkowski  has  shown 
^lat  in  them  removal  of  the  liver  is  followed  by  an  important 
diminution  in  the  amount  of  uric  acid  excreted.  From  experiments 
such  as  these  it  is  safe  lo  conclude  that  urea  is  formetl  in  the  liver 
and  is  then  given  to  the  biood  and  excreted  by  the  kidney.  In 
treating  of  the  physiological  history'  of  urea  an  account  will  lie  given 
of  the  views  proposed  with  regard  to  the  antecedent  substance  or 
substances  from  which  the  liver  produces  urea. 

Physiology  of  the  Spleen. — Much  has  been  said  and  w^ritten 
about  the  spleen,  but  we  are  yet  in  the  dark  as  to  tbe  distinctive 
function  or  functions  of  this  organ.  The  few  facts  that  are  known 
may  be  stated  briefly  without  going  into  the  details  of  theories  that 
have  been  offered  at  one  time  or  another.  The  older  experimenters 
demonstrated  that  tliis  organ  may  be  removed  from  the  lx)dy  without 
■erious  injury  to  the  animal.  An  increase  in  the  size  of  the  lypiph- 
^ands  and  of  the  bone-marrow  has  been  stated  to  occur  after  ex- 
tirpation; but  tlris  is  denied  by  others,  and,  whether  true  or  not,  it 
gives  but  little  clue  to  the  normal  fimctions  of  the  spleen.  Some 
observerst  find  that  the  removal  of  the  spleen  causes  a  marked 

•  PflUgcr'fl  "  Archiv  f.  die  gesammte  PlivsioloKie,"  54,  420,  1893. 
t  Laudenbach,  "  Centralblatt  fUr  Physiologie,"  tt,  1,  189.5. 
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diminution  in  the  nunilwr  nf  red  cnrpusfles  and  the  quantity  d 
hemoglobin.  They  infer,  therefore,  that  the  spleen  is  n<jnn4lly 
coneemed  in  some  way  in  the  formation  of  red  corpuscles.  Cttliets, 
however,  report  with  equal  positixeness  that  removal  of  the  spktn 
has  noeflfert  njxvn  the  miniber  of  red  rnrpuseles  or  upon  the  powrol 
the  animal  tn  roKenendc  its  corpusrles  after  hemorrhage*  The 
most  definite  facts  known  about  the  spleen  are  in  connection  with  its 
movements.  It  lias  been  showTi  that  there  is  a  slow  expansioD  and 
contrartion  of  the  organ  synchronous  with  the  digestion  periodi, 
AfttT  a  meal  the  spleen  begins  to  increase  in  size,  reaching  a  nxaxitnuin 
at  about  the  fifth  hour,  and  then  slowly  returns  to  its  previous  me. 
This  movement,  the  meaning  of  whieh  i.s  not  known,  is  probably  due 
to  a  slow  vasodilatation,  together,  perhaps,  with  a  relaxation  of  the 
tonic  contraction  of  the  musculature  of  the  lraf>ecuUp.  In  a<MJtion 
to  this  slow  movement.  Royf  has  shown  that  there  is  a  rhythmical 
contraction  and  relaxation  of  the  orfjan,  occurring  in  cats  and  dogs 
at  intervals  of  about  one  minute.  Roy  supjwses  that  these  rcti- 
tractions  are  effected  through  the  intrinsic  musculature  of  the  orpn, 
— that  is,  the  plain  muscle  tissue  present  in  the  capsule  and  trabecule, 
— and  he  believes  that  the  contractions  serve  to  keep  up  a  circulation 
through  the  spleen  and  to  make  its  vascular  supply  more  or 
indefjendent  of  variatioas  in  general  arterial  pressure.  The 
that  there  is  a  special  local  arrangement  for  maintaining  its  cir- 
culation makes  the  spleen  unique  among  the  organs  of  the  body,  hut 
no  light  is  thrown  upon  the  nature  of  the  function  fulfilled.  The 
spleen  is  supplied  richly  with  motor  ner\'e  fibers  which  when  stimu- 
lated either  tlirectly  or  reflexly  cause  the  organ  to  diminish  in 
volume.  According  to  Schaefer.J  these  fih>ers  are  contained  in  the 
splanchnic  nerves,  which  carry  also  inliiliitory  fibers  whose  stimu- 
lation pnxluces  a  dilatation  of  the  spleen. 

The  chemical  composition  of  the  spleen  is  complicated,  but  sug- 
gestive. Its  mineral  constituents  are  characterized  by  a  large 
percentage  of  iron,  which  seems  to  be  present  as  an  organic  coiupouwi 
of  some  kind.  Analysis  shows  also  the  presexice  of  a  number  of  fattjr 
acids,  fats,  cholesterin,  and,  what  is  perhaps  more  noteworthy,  » 
number  of  nitrogenous  extractives  belonging  to  the  group  of  purin 
bases,  such  as  xanthin,  hypoxanthin,  adenin,  guanin,  and  uric  acii 
'J'he  presence  of  these  bodies  seems  to  indicate  that  active  metabolif 
changes  of  sfime  kind  wcur  in  the  spleen.  As  to  the  theories  of  the 
splenic  functions,  the  following  may  be  mentioned:  (1)  The  spleen 
has  y>een  supposed  to  give  rise  to  new  red  corpuscles.  This  it  un- 
doubtedly does  during  fetal  life  and  shortly  after  birth,  and  in  some 
animals  throughout  life,  but  there  is  no  reliable  evidence  that  tto 

*  PiUon,  Gulland,  and  Fowler,  "Journal  of  Physiology,"  28.  83,  iwyj 
t    Mournal  of  Plivysvobgj-, "  3,  20.3.  1881.  J  Ibid.,  20,  1,  1896. 
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Function  is  retained  in  adult  life  in  nmii  or  in  most  of  tlie  mammals. 
The  presence  of  a  large  amount  of  iron  in  organic  combinatiiui 
suggests,  however,  that  the  .spleen  may  play  a  part  in  the  preparji- 
tion  of  new  hemoglobin,  or  in  the  perservation  of  the  iron  set  free 
by  the  death  of  the  red  corpuscles.  Thi.s  suggestion  is  strengthened 
by  the  ftii't  that  after  extirpation  of  tlie  spleen  there  is  a  distinct 
increase  in  the  daily  loss  of  iron  from  the  body,  in  dogs  an  increase 
from  11  to  18  or  29  mgm.*  (2)  It  has  been  supposed  to  be  an 
organ  for  the  destruction  of  red  corpuscles.  This  view 
18  founded  chiefly  on  niicntscopical  evidence,  according  to  which 
certain  large  ameboid  cells  in  the  spleen  ingest  and  destroy 
the  old  red  corpuscles,  and  partly  upon  the  fact  that  the  spleen 
tissue  .seems  to  be  rich  in  an  iron-containing  compound.  This 
theory  cannot  be  considered  at  present  as  satisfactorily  demon- 
started.  i3)  It  has  been  suggesteti  that  the  spleen  is  concerned  in 
the  prcKiuction  of  uric  acid.  This  substance  Ls  found  in  the  spleen, 
as  stated  above,  and  it  was  shown  by  Horbaczewsky  that  the 
spleen  contains  substances  from  which  uric  acid  or  xanthin  may 
readily  be  formed  by  the  action  of  the  spleen-tissue  itself.  More 
recent  investigations  f  have  shown  that  the  spleen,  like  the  Uver 
and  some  other  organs,  contains  special  enzymes  (adenase,  guanase, 
and  xanthin  o.xydase),  by  whose  action  the  -spht  products  of  the 
nucleins  may  be  converted  to  uric  acid,  ami  it  is  probable,  therefore, 
that  this  latter  subslance  is  constantly  forn;ed  in  the  spleen.  (4) 
Lastly,  a  theory  has  been  supported  by  Schiff  and  Herzen,  according 
to  which  the  spleen  produces  something  (an  enzyme)  which,  when 
carrietl  in  the  blood  to  the  pancreas,  acts  upon  the  tiypsinogen  con- 
tainetl  in  this  gland,  converting  it  into  trypsin.  This  view  has  fc)©en 
corroborated  by  a  number  of  ob.<?ervers,  but  it  Ls  difficult  at  present 
to  decide  whether  such  an  action  occurs  normally  during  digestioa. 
As  already  stated,  the  general  testimony  at  present  indicates  that 
the  pancreatic  juice  when  secreted  contains  its  tr>*psin  in  inactive 
form.  It  Ls  activated  only  after  reaching  the  duodenum  under  the 
influence  of  the  enterokinase. 

*  GmsBcnbaclier  ami  Asher,  "Zeiitralhlatt  f.  Pliysio],"  No.  12,  1908. 
t  Conmilt  Joncai  and  Austrian,  "  Zcitsclirift   f.  physiol.   Clieni.,"    1906, 
iU.,  110. 
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CHAFPER  XLV, 
THE  KIDNEY  AND  SKIN  AS  EXCRETORY  ORGANS. 

Structure  of  the  Kidney. — The  kidney  is  a  compound  lubular 
gland.  The  uriniferous  tubules  'composing  it  maj""  be  roughly 
separated  into  a  secreting  part  comprising  the  capsule,  convoluted 
tubes,  and  loop  of  Henle,  and  a  collecting  part,  the  so-called  straight 
or  coUet'iting  tube,  the  epithelium  of  which  is  assumed  not  to 
have  any  secretory  function.  Within  the  secreting  part  the  epithe 
Hum  tUffers  greatly  in  cliaracter  in  different  regions;  its  peculiarities 
may  be  referred  to  briefly  here  so  far  as  they  seeiu  to  liave  a  physJo- 
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Fin.  298. — Portiofta  of  the  varioua  divUiona  of  the  uriniferou-i  tiihulet  Jniira  (mo 
•ertitiiiH  rif  Iruinan  kuiiiev:  A,  .Malpisiiiaii  bcxiyj  x,  aquarnnUfi  epithelium  lining  tlie  <^*P* 
sule  and  reflected  over  t^e  glomerulua;  y,  z,  aflerent  and  efferent  veMseLs  <jf  ttie  lufl;  *• 
nuclei  cif  ciipillariei;  n,  cotistricled  neck  marking;  pnR<a|H<  of  capeule  into  conviJute'l  ']»■ 
buto:  H,  proAimo]  convoluted  tubule:  C,  irreKulur  tubule:  D  and  F,  Hpiral  tul>ulc«.  t, 
naceadlnK  litiib  of  Kettle's  loop;    Q,  straight  ciJllccling  tubule. — {Piertol.) 

logical  bearing,  although  for  a  complete  description  reference  must 
be  nmde  to  works  on  histolog>'. 

The  arrangement  of  the  glaniiular  epithelium  iu  the  cajjsule  with 
reference  to  the  blood-vessels  of  the  glomenilus  is  worthy  of  .special 
attention.  It  will  be  remembered  that  each  Malpighian  corpiLscle con- 
sists of  two  principal  {xirts,  a  tiift  of  blood-vesseLs,  the  glomenilus,  and 
an  enveloping  expansion  of  the  uriniferous  tubule,  the  capsule.  The 
glomerulu.s  is  an  interesting  structure  (see  Fig.  298,  A).  It  consists 
of  a  small  afferent  artery  which  after  entering  the  glomerulus,  hrealu 
up  into  a  number  of  capillaries.    These  capillaries,  although  twistcti 
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"tr^ther,  do  not  anastomose,  and  they  unite  to  form  a  single  efferent 
Aein  of  a  smaller  tJiameter  than  the  afferent  artery.    The  whole 
structure,  therefore,  is  not  an  ordinary'  capillary  area,  but  a  reU 
mirabile,  and  the  physical  factors  are  such  that  within  the  capil- 
laries of  the  rete  there  must  be  a  greatly  diminished  velocity  of  the 
blood-stream,  owing  to  the  great  increase  in  the  width  of  the  stream 
^^bed,   and  a  higher  blood-pressure  than  in  ordinary  capillaries, 
^■owing  to  the  narrow  afferent  vessel  and  the  capillaries  of  the  tubule 
^^  which    form    a    resLstam-e    beyond    the    rete.     Surrounding   this 
glomerulus  is  the  doublc-wallefl  capsule.     One  wall  of  the  cap- 
sule is  closely  adherent  to  the  capillaries  of  the  glomerulus;  it 
oot  only  covers  the  structure  closely,  but  dips  int«  the  interior 
between  the  small  lobuk-s  into  which  the  glomerulus  is  divided. 
This  layer  of  the  capsule  is  cora|KJsed  of  flattened,  endothelial- 
iike  cells,  the  gloniertilar  epitlielium,  to  which  great  importance 
is  attached  in  the  formation  of  the  secretion.     It  will  be  no- 
ficed  that  lietween  the  interior  of  the  blood-vessels  of  the  glomeruhia 
and  the  cavity  of  the  capsule,  which  is  tlie  l)egimiiitg  of  the  urin- 
iferous  tubule,  there  are  interjxjseil  only  two  very  thin  layers, — 
tiamely,  the  epithelimn  of  tlit?  capillurv  wall  and  the  glomerular 
epithelimn.    The  apparatus  would  seem  to  afford  most  favorable 
^M>nditions  for  filtration  of  the  liquid  jiarts  of  the  blotxi.     The  epi- 
^Bftelium  chjthing  the  convohitetl  ]K)rtions  of  the  tubule,  including 
^Bnder  this  designation  the  so-called  irregular  and  spiral  jjortiona 
^■ttid  the  ltx)p  of  Henle,  is  of  a  character  quite  different  from  that  of 
the  glomerular  epithelium  (Fig.  298,  B,  C,  D,  E,  F,  G).   The  cells, 
mpf^iilng  generally,  are  cuboidal  or  oylindrical,  protoplasmic,  and 
L— JE^""'"''  '"  appearance;   on  the  sitle  toward  the  basement  inenj- 
M^prane  they  often  show  a  ijeculiar  striation,  while  on  the  limien  side 
^^tbe  extreme  peri]>her>'  presents  a  cojnjmct  iKtnler  which  in  some 
OMBB  shows  a  cilia-like  striation.     These  cells  have  the  general 
appearance  of  an  active  secretory  e})ithelium,  and  one  theor>'^  of 
urinar>'  secretion  attril>utes  this  function  to  them. 

The  Secretion  of  Urine. — ^Fhe  kidneys  receive  a  rich  supply 
of  nerve  fibers,  but  most  histologists  have  !>een  imable  to  trace  any 
connection  between  these  filjers  and  the  epithelial  cells  of  the  kidney 
tuljules. 

The  majority  of  purely  physiological  experiments  upon  direct 
stimulation  of  the  ner\'e3  going  to  the  kidney  are  adverse  to  the 
theory  of  secretor;^  fil>ers,  the  marked  effects  obtained  in  these  ex- 
periments being  all  explicable  by  the  changes  produce<l  in  the  blood- 
flow  through  the  organ.  Two  general  theories  of  urinary  secretion 
have  been  proposed.  Ludwig  Iw^ld  originnlly  that  the  urine  is 
formeti  by  the  simple  physical  processes  of  filtralion  anil  diPfusion. 
In  the  glomeruli  the  conrlitions  arc  most  favorable  to  tiltratiou,  and 
he  supposed  that  in  these  structures  water  filtered  U\rou^Vvltaia.\,\\'& 
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blood,  carrying  with  it  not  only  the  inot^anic  salts,  but  also  the 
specific  elements  (urea,  etc.)  of  the  secretion.  There  wa**  thiis 
formed  at  the  Iwginning  of  the  uriniferous  tubules  a  complolp  hut 
diluted  urine,  and  in  t[w  subsequent  passage  of  this  liquid  alonRthf 
convoluted  tubes  it  became  coneentrated  by  diffusion  with  tlif  nn»ro 
concentrated  lympli  surrounding  the  outride  of  the  tubules. 

Bowman's  theor>'  of  urinary'  secretion,  which  has  since  been 
vigorously  supported  and  extended  by  Heidenhain,  was  baaed  ori|- 
inally  mainly  on  histological  grounds.  It  assumes  that  in  the 
glomeruli  water  and  inoi^anic  salts  are  produced,  while  the  urea 
and  related  bodies  are  eliminated  through  the  activity  of  the  epi- 
thelial celb  in  the  convoluted  tubes. 

The  first  of  these  theories  (Ludwig)  is  sometimes  spoken  of  u 
the  mechanical  theor\',  since  as  originally  proposed  it  attempted 
to  explain  the  formation  and  com]K>sition  of  the  urine  by  reference 
only  to  the  physical  ff>rccs  of  filtration  and  ditTusion.*  .\dhercnU 
of  this  \iew  in  recent  years  have  modified  it,  however,  to  the  extent 
that  the  absorption  supposed  to  take  place  in  the  convoluted  tub- 
ules is  designated  as  a  selective  absorption,  or  selective  diffusion,  the 
characteristics  of  which  depentl  upon  unknown  iwculiarities  of  struc- 
ture in  the  epithelial  cell,  so  that  it  is  no  longer  a  purely  mechanical 
theory.  The  difference  between  the  mechanical  and  the  scrretofy 
theories  may  be  stated  briefly  in  this  way.  The  fornier  as.siuiies  that 
in  the  glomenihis  all  of  the  constituents  of  the  urine  are  prodiicwi 
from  the  Jilood,  probably  by  filtration,  and  that  the  fimction  of  the 
epithelium  lining  the  convoluted  tubules  is  absorptive,  like  tl» 
epithelium  of  the  intestines,  and  not  secretor\'.  The  Bowman  view 
as  formulated  by  Heidenhain  teaches  tliat  the  glomerular  epthe- 
lium  forms  the  water  and  salts  of  the  urine  by  an  act  of  secretion, 
the  ultimate  chemistry  or  physics  of  which  is  not  known.  The 
theory  asserts  that  the  epithelial  cells  participate  actively  in  the 
process  of  secretion  and  do  not  serve  simply  as  a  passive  memhrane. 
The  cells  of  the  convoluted  tubules  are  also  secretory,  thwr  special 
activity  lieing  limited  mainly  to  the  organic  constituents,  urea,  etc., 
although,  in  this  respect, — namely,  in  the  pi-ecise  distinction  be- 
tween the  secretorj'  products  of  the  glomerular  epithelium  and  those 
of  the  con%'oluteiJ  tubules, — the  theory  is  not  very  explicit.  Much 
interest  and  a  large  lit.erature  have  been  stimulated  by  cont^ove^ 
sies  based  on  the.se  theories,  and  to-day  the  facts  accumulated  »re 
not  such  as  to  demonstrate  conclusively  one  view  or  the  othef. 
although,  on  the  whole,  perhaps,  it  may  be  said  that  the  majority  o( 


•  Sir  LnufJpr  Hrtmton  calls  my  atti'iitit«v  to  the  fact  that  Ludwig,  in  flfloi' 
of  his  earlipr  inveatig.-itions  (Usltrnrnvitseh,  Ludwig'a  "Arhn-iKrn,  '  1870), 
nwognized  the  fac^  that  llie  flow  of  urine  through  the  glomeruli  is  influen«o 


by  factors  other  than  the  mrchaniral  pretssure.  He  wiIUhI  attention  especially 
to  the  influence"  of  t^he  di\ir<itic  Bubalaaccs  present  in  the  blood,  such  •«  iu«» 
and  sodium  cMorid. 
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pnysiologists  adhere  to  the  more  conservative  view  of  Bowman- 
Heicienhain  to  the  extent  at  least  of  recognizing  that  the  physical 
laws  of  filtration,  diffusion,  and  imbibition,  so  far  as  they  are  known, 
do  not  suffice  for  a  satisfitctory  explanation  of  the  facts.*  As  in 
other  similar  cases,  our  knowlecljje  of  the  physical  .structure  and 
chemical  properties  of  the  walls  of  the  living  cells  is  still  veiy  de- 
ficient, and  it  seems  nece.«!8ar}'  to  designate  these  activities  by  the 
indefinite  term  secretion. 

Function  of  the  Glomerulus. — As  stated  above,  the  structure 
of  the  glonienilus  is  peculiar  and  suggestive  of  a  special  adaptation. 
The  mechanical  theory  lookn  upon  it  as  a  filter,  the  pressure  of  the 
blood  in  the  glomervilar  capillaries  driving  the  water  and  salts 
through  the  endothelium  of  the  capillaries  and  the  glomerular  epi- 
thelium into  the  cavity  of  the  urinary  tubule.  If  we  consider 
only  the  water  ami  assume  that  the  membranes  traversed  are  freely 
permeable  to  its  molecules,  then  it  is  evident  thatj  upon  this  theory, 
the  quantity  of  urine  formed  will  rlefjend  upon  the  filtration  pres- 
sure, and  that  this  filtration  pressure  can  be  expressed  by  the  formula 
F=P — p,  in  which  P  represents  the  blood-pressiire  in  the  glom- 
erular capillaries  and  p  the  pressure  of  the  urine  in  the  cap.sular 
end  of  the  uriniferous  tubules.  Some  of  the  interesting  facts  de- 
veloped by  experiment  may  be  presented  in  connection  uith  this 
fonnula.  Aecortling  to  the  mechanical  theon,',  the  amount  of  urine 
formed  should  var>'-  directly  with  P  and  inversely  wth  p.  The 
factor  P  may  be  increasetl  in  two  general  ways:  First,  by  those 
changes  which  raise  general  arterial  pressure  and  therefore  the 
pre.<4sure  in  the  renal  arteries, — ^such  changes,  for  instance,  as  are 
brought  alKJut  by  an  increasetl  force  of  heart  beat  or  a  large  vaso- 
constriction. Secon<l,  by  obstructing  or  occluding  the  renal  veins. 
Experiments  have  been  made  along  these  lines.  With  regard  to 
the  first  fKjssibility  it  has  been  found  in  general,  although  not  invar- 
iably, that  raising  arteri.il  pressure  increa.ses  the  quantity  of  urine 
if  the  means  used  are  .such  as  may  be  assumed  to  raise  the  pressure 
in  the  glomendar  capilLaries. 

The  reverse  experinient,  however,  of  raising  P  by  blocking  the 
venous  outflow  fails  entirely  to  support  the  theor}\  When  the  renal 
veins  are  compressed  the  capillars'  pressure  in  the  glomeruli  joust 
be  increased,  and,  if  the  veins  are  l)locked  entirely,  we  may  suppose 
that  the  capillan'  pressure  is  raised  to  the  level  of  that  of  the  renal 
arteries.  In  such  experiments,  however,  the  flow  of  urine  is  di- 
minished in.stead  of  being  increa.sed,  and  indeed  may  be  stopped 
altogether  when  the  veins  are  completely  blocketl.  The  adherents  of 
the  mechanical  theory  have  attempt cf I  to  explain  this  unfavorable 
result  by  assuming  that  the  swollen  interlobular  veins  press  upon 

•  For  ilisfiwwjon  and  literature  »ee  Magniw,  "  Mlln<^hener  mod.  Wochcja- 
achrift,"  llHXi.  .\oe.  28  and  29. 
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and  block  thp  iirinifprous  tubules.  Arcording  to  the  antagonistic 
theory  of  Heidptihain,  blocking  the  veins  suppresses  the  secretory 
activity  of  the  glomerular  epithelium  by  depriving  it  of  oxygen  and 
the  chance  for  removal  of  CO.,. — that  is,  by  producinc  local  »»• 
phyxia.  The  latter  explanation  seems  the  simpler  of  the  two.  and  it 
is  very  strongly  supported  by  the  opposite  expei'iment  of  clamping 
the  renal  arter>-.  When  this  is  done  the  blood-flow  through  the 
kidney  ceases  and  the  secretion  of  urine  also  stops,  as  would  he 
exjiected.  But  when  after  a  few  minutes'  closure  the  arterj-  is  na- 
clamped,  the  secretion  is  not  restored  with  the  return  of  the  or- 
ciilation.  On  the  contrary',  a  long  time  (as  much  as  an  hour  or  more) 
may  elapse  before  the  secretion  liegina.  This  fact  is  quite  in  harmony 
with  the  Heidenhain  theorj-,  since  complete  removal  of  their  blood 
supply  might  well  result  in  a  long-continued  injury  to  the  delicate 
epithelial  cells.  On  the  mechanical  theorj',  however,  we  should 
expect  a  contnirv  result.  Injury  to  the  cells  should  be  follou'ed  by 
greater  permealtility  and  an  increa.sed  filtration,  as  is  found  to  be 
the  case  with  the  pnxluction  of  lymph.  These  two  experimente, 
blocking  the  renal  artery  and  the  renal  vein,  seem  at  present  to  di»- 
credit  the  filtration  theor}-  and  to  support  the  secretion  theon'. 
If  we  accept  this  latter  theon,'  it  may  be  asked  how  it  agrees  with 
the  experiments  mentioned  alwve  upon  the  variations  in  capillan' 
pressure  brought  at>out  otherwise  than  by  obstructing  the  venoua 
outflow,  Heidenhain  has  emphasized  the  fact  that  all  of  these  ex- 
periments involve  not  only  a  variation  in  capillary  pressure,  but  also 
in  the  blood-flow,  and  that  it  is  open  to  us  to  suppose  that  the 
effect  up(}n  the  secretion  of  urine  is  defx^ndcnt  upon  the  rate  of  flow 
rather  than  upon  the  capillary  pressure.  If  we  adopt  this  expla- 
nation we  are  led  again  to  the  secretion  hypothesis.  Merc  rate  of 
flow  should  not  influence  filtration,  but  might  affect  secretion,  since 
it  would  alter  the  volume  of  blood  which  passed  by  the  celU  in  a 
given  time  and  thereby  would  vary  the  quantity  of  o.T>'gen  sup- 
plied and  of  carbon  dioxid  removed,  and  also  the  quantity  of  chem- 
ical substances  in  the  blood  which  may  act  as  chemical  stimuli  to 
the  cells.  An  important  fact,  which  seems  at  first  sight  to  show  ft 
direct  influence  of  pressure,  is  that  when  general  arterial  pressurf 
falls  below  a  certain  point,  aliout  40  mm.  of  mercury-,  the  secretion 
of  urine  ceases  altogether.  Such  a  condition  may  lie  brought  aiwut 
by  surgical  shock,  by  hemorrhage,  or  by  section  of  the  spinal  cord  in 
the  cervical  or  thoracic  region.  But  here  again  the  great  vascular 
dilation  causing  this  fall  of  pressure  is  associated  with  a  feeble  ci^ 
culation,  and  the  effect  upon  the  kidney  secretion  may  well  be  dw 
to  this  latter  factor. 

In  addition  to  varying  the  factor  P  in  the  formula  given  alwvc, 
it  is  possible  also  to  increa.«ie  the  factor  p.  Normally,  the  pressure 
of  the  urine  in  the  caps\i\c  u\\is\.V>e  vers  Vi^ ,  <a^vsi%\ft  vW^^wsl  that 
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the  secretion  drains  away  as  rapidly  as  it  is  formed.  If  the  ureter 
is  occluded,  however,  the  pressure  of  tiie  urine  will  increase,  and  the 
filtration  pressure  P — p  will  dinTinish.  When  thLs  experiment  is 
performeti  and  the  pressure  in  the  ureter  is  measured  by  a  manom- 
eter, it  is  found  to  rise  to  50  or  60  mms.  of  mercury  and  then  to 
remain  stationary.  This  fart  might  he  explained  by  supposing 
that  when  p  P  the  setTclicm  stops  on  account  of  the  failure  of 
the  filtration  pressure.  Little  weight,  however,  can  be  given  to 
this  argument,  since  it  is  quite  possible  that  under  these  condi- 
tions the  urine  may  still  continue  to  form,  but  be  reabsorbed  under 
the  high  tension  reached.  The  experiment  simply  serves  to  show 
the  secretion  pressure  of  the  urine,  and  the  fact  that  this  pressure 
rises  as  high  as  50  to  60  mms.  mercury,  while  the  capillary  pressure 
lift  probably  somewhat  lower,  would  rather  serve  as  an  argument 
PIgainst  the  filtration  theor\'.  Moreover,  experiments  show  *  that 
when  a  cenain  moderate  resistance  is  established  in  the  ureters 
(p  10  cms.  HjO)  the  f!ow  of  urine  is  actually  increased  instead 
of  falling  off.  a  fact  entirely  opposed  to  the  mechaiucal  theorj',  but 
explicable  on  the  secretion  theory  on  the  assumption  that  the 
resistance  acts  as  a  stimulus. 

Function  of  the  Convoluted  Tubule.— By  the  term  convoluted 
tubule  is  nieant  hert^  the  entire  stretch  from  the  glomerulus  to  the 
straight  tubules.  Its  epithelium  varies  in  character;  its  cells  are 
distinguished  in  general,  as  contrasted  with  the  glomerular  epithe- 
lium, by  a  relatively  large  amount  of  granular  jmitoplasm.  The 
question  of  interest  at  present  in  regard  to  this  epithelium  is  whether 
it  is  secretory'  or  absorptive.  The  original  view  of  Ludwig  that 
diffusion  takes  place  in  these  tubules  between  the  urine  and  the 
blood  (lymph)  in  acconlance  with  simple  physical  laws  and  that 
by  this  action  alone  the  dilute  urine  is  brought  to  its  normal  concen- 
tration must  be  abandoned.  The  niere  fact  that  the  urine  may  l>e 
more  concentrated  in  certain  coastituent.s  than  the  blood  is  suffi- 
cient evidence  that  other  factors  must  co-operate.  Those  who  be- 
lieve that  the  main  function  of  the  tiibules  is  absorptive  are  obliged 
to  regard  this  pn)cess  &s  physiological,  tis  a  seletttive  absorption 
depending  iiptin  the  li\'ing  structiue  and  properties  of  the  epithelial 
cells.  The  kind  of  evidence  up*m  which  this  view  is  basetl  is  some- 
what indiret^t;  a  single  example  may  suffice.  Cushny  statesf  that 
if  certain  thuretic-s^or  example,  sodium  ch]ori<l  and  sodium  sul- 
phate— are  injected  simult4iueously  inU*  the  blood  and  in  such 
amounts  that  an  equal  numljer  of  the  anions  (CI  and  SO^)  are  pree- 
ent,  the  quantities  that  are  excreted  in  the  urine  during  the  next 
hour  or  two  follow  different  curves  and  var>'  independently  of  their 
concentration  in  the  plasma.    White  this  independence  might  be 

•  Brtntie  and  CutUs,  "Journal  of  Physiolog>'."  1906,  xxxiv..  224. 
t  ".loumal  of  Physiology,"  27,  429,  1902. 
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referred  to  a  specific  speretory  action,  the  author  finds  a  simpler 
explanation  in  variatioiii^  in  absorption,  the  epithelium  of  iliccoii- 
vohit^'d  tubule,   like  that  of  the  intestine,  absorbing  the  sulph&tf 
with  more  difficulty.     On  the  other  side,  the  facts  that  have  been 
urged  in  favor  of  the  secretor>'  hypothesis  are  more  numeroua  ud 
varied,  but  none  is  entirely  convincing.    Some  of  these  facts  an 
as  follows:   (1)  It  is  stated  that  if  the  ureters  are  ligated  in  hinls 
the  urates  will  l>e  found  depo8itc<l  in  the  uriniferous  tubules,  but 
never  at  the  capsuliu  end.     (2)  Heidenhain  has  given  proof  that 
the  convoluted  tubules  are  capable  of  excreting  indigo-caimin  aft« 
this  substance  is  injected  into  the  blood.    Hia  experiment  cotiaisted 
essentially  in  injetiting  the  material  into  the  blood,  after  diricllng 
the  cord  so  as  to  reduce  the  rapidity  of  secretion.    After  a  certain 
inten'al  the  kidney  was  reniovetl  and  irrigated  with  alcohol  to  pre- 
cipitate the  indigo-caniiin  in  situ  in  the  organ.     Microscopical  ex- 
amination showed  that  after  this  treatment  the  granules  of  the 
indigo-camiin  are  found  in  the  convoluted  tubules,  but  not  in  the 
capsules    around    the    glomeruli.     (3)    Microchemical    reactioM 
indicate  that  the  iron  secreted  from  the  kidney  as  well  as  the  uric 
acid  is  given  off  thmugh  the  epithelium  of  the  convoluted  tuhtiles. 
(4)  Several  observers  (\'an  tier  .Stricht,  Disse,  Tranibasti.  l!ur- 
witsch*)   have  described   microscupiual  appearances  in  the  cells 
lining  the  tul>ules  indicative  of  an  active  secretion.     They  picture 
the  format  iim  af  vesirles  in  t!ie  cells  and  appearances  which  bdi- 
cate  the  discharge  of  these  vesicles  into  the  cavity  of  the  tubules. 
(.5)  Nuishaum  made  use  of  the  fact  tluit  in  the  frog  the  glomeruli 
are  supplied  by  branches  of  the  renal  artery,  while  the  rest  of  the 
tubes  are  supplied  by  the  renal  portal  vein.     He  statetl  that  if  the 
renal  artery  is  ligated  the  glomeruli  are  depriveti  conipleti'ly  of 
blood,  and  that  as  a  result  the  flow  of  urine  ceases.     If  uniler 
these  conditions  urea  is  injected  into  the  circulation,  it  is  excreted 
together  with  sinue  water,  thus  pro\ing  the  secretory  activity  nf 
the  tubules  with  rcgan!  to  urea.     These  re-sults,  although  denied 
at   one   time,   have   later   been    confirmed   and   extende<l.t    '^) 
Dreser  has  shown  that  the  acidity  of  the  urine  is  due  to  an  notion 
of  the  epitheliuin  <if  the  tubules.     If  an  acid  iiulicator.  such  ad 
acid  fuchain,  is  injected  into  the  dorsal  lyniph-Siic  t^tf  a  frog,  and  uii 
hour  or  so  later  the  kidneys  are  exanune<l,  it  will  l>e  found  tlmt  l^^ 
convoluted  tubules  are  colored  red,  while  the  capsular  end  is 
colorless,  indicating  that  the  secretion  at  the  latter  point  Ljts  an 
alkjdine  reaction.     The  experiment  shows  that  the  acid  substiinces 
in  the  urine  are  produced  in  the  convoluted  tubules.     The  si"'" 
plest  explanation  is  that  they  are  formed  by  a  secreton*  activity 

•  Sec  Gumitjwh,  "  Arrhiv  f.  die  jtesftniinle  Physiologie,"  91,  71,  1902. 
t  Bainbridge  ami  BwJdoxd.  ".lournal  of  Phytuologj-,"  1906,  xxxiv,  (Pn*- 
Physiol.  Soc.);  also  CuWia,  ibul.,  \».  250. 


Digitized  by 


.oogle 


KIDNEY    AND    SKIN    AS    EXCKETORT    ORGANS. 


825 


oi  tne  epithelial  celLs.  (7)  Stinlies  of  the  gaseous  exchanges  in  the 
kidney  during  diuresis*  and  during  the  glycosuria  caused  by 
phlorhizinf  tend  to  support  the  secretion  hypothesis  to  the 
extent  that  they  prove  an  increased  metabolism  during  func- 
tional activity.     (8)  The  action  of  diuretics  (see  below).    On  the 

^^whole,  it  must  be  admitted  that  the  weight  of  evi<lence  is  in  favor 

"of  the  Bowman-Heidenhain  theory  of  secretion,  and  it  remains 
for  future  investigations  to  explain  more  definitely  what  is  nrieant 

^by  the  obscure  term  "  secret orj^  activity." 

pB  Under  pathological  conditions  it  has  been  shown  satisfactorily 
that  the  albumin  and  sugar  which  may  be  present  in  the  urine  are 
secreted  or  eliminated  at  the  glomenilar  end  of  the  tubule. 

Action  of  Diuretics. — An  important  side  of  the  theories  of 
secretion  of  urine  Ls  their  application  to  the  action  of  diuretics. 
Water;  various  soluble  substances,  such  as  salts,  urea,  and  dextrose; 
and  certain  special  dnigs,  such  as  caffein  or  digitalis,  exert  a  diuretic 

■action  on  the  kidneys.  Much  experimental  work  has  been  done 
|o  ascertain  whether  the  action  of  these  substances  can  be  explained 
mechanically  by  their  influence  on  the  blood-flow  or  the  blood- 
pressure  in  the  kidney  capillaries,  or  whether  it  is  necessary  to  fall 
back  \ipon  a  six-cific  stimulating  effect  exerted  by  them  upon  the 
epithelial  cells  of  the  tubules.  Adherents  of  the  original  Ludwig 
theory  are  forced  to  explain  their  action  by  the  effect  they  pro- 
<iuce  upon  the  pressure  in  the  kidney  capillaries,  and,  indeed,  it 
^ias  been  shown  with  reference  to  the  saline  diuretics  that  their 
effect  upon  the  secretion  is  in  projwrtion  to  the  osmotic  preasure 
they  exert.  It  has  been  suggested,  therefore,  that  the  action  of 
these  diureti(;s  lies  in  the  fact  that  they  attract  water  from  the  tis- 
tucs  into  the  blood  and  thus  c-au.se  a  condition  of  hydremic  plethora. 
But  whether  the  elimination  of  tlus  excess  of  wat^r  is  due  to  filtra- 
tion or  to  an  active  secretion  by  the  glomerular  epithelium  is  a 
question  that  revives  the  discussion  that  luis  been  presented  briefly 
above.  Most  observers  find  that  the  vascular  changes  in  the  kid- 
ney, particularly  aft<^r  the  administration  of  caffein  and  digitalis, 
do  not  explain  satisfactorily  the  phenomenon  of  diuresis,  and  al- 
though it  is  necessary  t*j  a<lmit  that  the  diuretics,  or  some  of  them, 
act  in  part  by  the  changes  which  they  cause  in  the  circulation  in 
the  kidney,  it  is  not  possible  trt  dcmonsti-atc  that  all  the  phenomena 
under  this  head  can  be  thus  explained.  The  bulk  of  the  work 
.  publishetl  indicates  that  some  at  least  of  the  known  diiu-etics  act  as 
*^atimulants  to  the  secreting  cells.  In  the  case  of  the  inorganic  salts  it 
■  be  said  (Magnus)  that  there  is  for  each  salt  a  "  secretion  thresh- 
ed." An  increase  in  concentration  above  this  level  leads  to  the 
elimination  of  the  excess  of  salt  and  an  increased  secretion  of  water. 

•  Harcroft  .ind  Rro<Hr>.  ''Journal  of  Phyaiologj-,"  !fl06,  xxxiii.,  52, 
t  Pavy,  Br<»tie,  and  Siam,  ibid.,  lOft'i,  xxix.,  467. 
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The  Blood-flow  through  the  Kidneys. — It  will  \^e  inferred 
from  the  discussion  above  that,  other  eoiulitions  remaining  the  mnc, 
the  secretion  of  the  kithiey  varies  with  the  quantity  of  blood  flowinR 
through  it.  It  is,  therefore,  imjrortant  to  refer  briefly  to  the  nature 
and  especially  the  re^uiation  of  the  blood-flow  through  this  organ, 
although  the  same  subject  is  referred  to  in  connection  with  the 
general  description  of  vasomotor  regulation  (see  Circulation).  It 
has  been  shown  by  I^andergren  *  and  Tigerstedt  that  the  Idduej' 
is  a  ver>'  vascular  organ,  at  least  when  it  is  in  strong  functional  activ- 
ity such  as  may  be  produced  by  the  action  of  diuretics.  Thej'  eeti- 
mate  that  in  a  minute's  time,  under  the  action  of  diuretics,  an  amount 
of  blood  flows  through  the  kidney  equal  to  the  weight  of  the  orjian; 
this  is  an  amount  from  four  to  nineteen  times  as  great  as  occurs  in 
the  average  supply  of  the  other  oi^ana  in  the  systemic  cireulatidu. 
Taking  both  kidneys  into  account,  their  figurcjs  show  that  (in  strong 
diuresis)  5.6  per  cent,  of  the  total  quantity  of  blood  sent  out  of  the 
left  heart  in  a  minute  may  pass  through  the  kidneys,  although  the 
combined  weight  nf  these  organs  makes  i>nly  0,56  per  cent,  of  thiit 
of  the  binly  (.see  table  p.  458). 

The  nature  of  the  supply  of  vasomotor  nerves  to  the  kitlnev'  awl 
the  conditions  which  bring  them  into  activity  are  fairly  well  known, 
owing  to  the  useful  invention  of  the  oncometer  by  Roy,  This  in- 
strument is,  in  principle,  a  jjlethysinograph  especially  modified 
for  use  upon  the  kidney  of  the  living  animal.  It  is  a  kidney-ehaped 
box  of  thin  brass  made  in  two  parts,  hinged  at  the  back,  and  with 
a  clasp  in  front  to  hold  them  together.  In  the  interior  of  the  box 
thin  peritoneal  membrane  is  so  fastened  to  each  half  that  a  layer 
of  olive  oil  may  be  placet!  l>etween  it  and  the  brass  walls.  Thet« 
IB  thus  formed  in  each  half  a  soft  pad  »>f  oil  upon  which  the  kidney 
rests.  When  the  kidney,  freed  as  far  as  possible  from  fat  and8U^ 
rounding  connective  tissue,  but  with  the  blood-vessels  and  nerves 
entering  at  the  hilus  entirely  uninjured,  is  laid  in  one-half  of  the  on- 
cometer, and  the  other  half  Ls  shut  dowTi  upon  it  and  tightly  fa»* 
tened,  the  organ  is  surroimded  l>y  oil  in  a  box  which  is  liquid-tight 
at  every  point  except  one,  from  which  a  tube  is  led  off  to  some  suitable 
recorder  sMch  as  a  tamlmur.  Under  these  conditions  cver>'  incre** 
in  the  volume  of  the  kidney  causes  a  proportional  outflow  of  oil 
from  the  oncometer,  which  is  mea.sured  by  the  recorder,  and 
every  diminution  in  volume  is  acconijmnied  by  a  reverse  ohan^' 
At  the  same  time  the  flow  of  urine  during  these  changes  can  be 
determined  by  in.serting  a  cannula  into  the  ureter  and  raeasurioS 
directly  the  outflow  of  urine.  By  this  and  other  means  it  has 
been  shown  that  the  kidney  receives  a  rich  supply  of  vasoconstrictor 
nerve  fil>ers  that  reach  it  between  and  around  the  entering  blood- 
These  fibers  emerge  from  the  spinal  cord  chiefly  in  the 
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lower  thora<*ic  spinal  iifTvi's  (tnilli  to  thirteenth  in  the  dog),  pass 
through  the  symputhrtif  sj-.stcrn,  and  reach  the  organ  a-s  postgan- 
glionic filx^rs.  Stinmhition  of  tliese  nerves  causes  a  contraction  of 
the  small  arteries  of  the  ki(iney,  a  shrinkage  in  volume  of  the  whole 
organ  as  measuretl  b>'  the  oncometer  (see  Fig.  240),  and  a  dimin- 
ished secretion  of  nrino.  When,  on  the  other  hand,  these  con- 
strictor fibers  are  cut  as  they  enter  the  hilus  of  the  kidney,  the  ar- 
teries are  diJatetl  on  account  of  the  removal  of  the  tonic  action  of 
the  constrictor  fibers,  the  organ  enlarges,  and  a  greater  quantity 
of  blood  passes  tiu-ough  it,  since  the  resistance  to  the  blood-flow  is 
diminishetl  while  the  general  arterial  pressure  in  the  aorta  remains 
practically  the  same.  Along  with  this  greater  flow  of  blood  there 
is  a  marked  increase  in  the  secretion  of  urine. 

I'nder  normal  conditions  we  must  suppose  that  these  fibers  are 
brought  into  play  to  a  greater  or  less  extent  by  reflex  stimulation, 
iind  thus  serve  to  control  the  blood-flow  through  the  kidney  and 
thereby  influence  its  functional  activity.  It  has  lieen  shown,  too, 
that  the  kidney  receives  vaswhlator  nerve-fibers, — that  is,  fibers 
which  when  stimulated  direct  1>'  or  reflexly  cause  a  dilatation  of 
the  arteries,  and  therefore  a  greater  flow  of  blood  through  the  or- 
gan. According  to  Bradfonl,  those  fibers  emerge  from  the  spinal 
«orfl  mainly  in  the  anterior  roots  of  tlie  eleventh,  twelfth,  and  thir- 
teenth thoracic  spinal  nerves.  Under  normal  conditions  these  fibers 
are  prolvably  thrown  into  action  by  reflex  stimulation  and  lead  to 
an  increased  functiomd  activity.  It  will  be  seen,  therefore,  that  the 
kidneys  possess  a  local  nervous  mechanism  through  which  their 
secretorv  activity  may  l>e  increased  or  diminished  by  correspond- 
ing alteratinns  in  live  blotid-supj^ly.  So  far  an  is  known,  this  is  the 
only  way  ui  which  the  secretion  in  the  kidneys  can  be  directly  af- 
fected by  the  central  nervous  system.  It  should  be  home  in  mind, 
also,  that  the  blowl-flow  through  the  kidneys,  and  therefore  their 
aecretor>"  activity,  may  heafl'ected  by  conditions  influencing  general 
arterial  pressure.  Conditions  such  as  asphyxia,  strychnin  poison- 
ing, or  jminful  stirnulatifvri  of  sensriry  nerves,  which  cause  a  general 
vasoconstriction,  influence  the  kidney  in  the  same  way,  and  tend, 
therefore,  to  diminish  the  flow  of  biood  through  it;  while  conditions 
whicrh  lower  general!  arterial  pressure,  siich  as  general  vascular  dila- 
tation of  the  skin  vessels,  may  alstJ  depress  the  secretory  action  of 
the  kidney  by  diminishing  the  amount  of  blood  flowing  through  it. 

In  what  way  any  given  change  in  the  vascular  conditions  of  the 
body  will  influence  the  secretion  uf  the  kidney  depends  uix>n  a  num- 
ber of  factors  and  their  relations  to  one  another,  but  any  change 
which  will  increase  the  difference  in  pressure  between  the  blood  in 
the  renal  artcn.'  and  the  renal  vein  will  tend  to  augment  the  flow 
of  blood  unless  it  is  antagfinized  by  a  simultaneous  constriction  In 
the  .wnall  arteries  of  the  kidney  itself.    On  the  contran,',  any  vaa- 
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cuiar  dilatation  of  the  vessels  in  the  kidnoy  will  tend  to  increaw 
the  bloijii-How  through  it  unless  there  is  at  the  Hame  time  such  a 
general  full  of  blood-pressure  as  is  sufficient  U>  lower  the  pressure 
in  the  renal  arter>-  ami  re<luce  the  driving  force  of  the  bUuMi  to  an 
extent  that  more  than  counteracts  the  favorable  influence  of  dimin- 
ished resistance  in  its  small  arteries.  Although  the  kidney  tloes 
not  possess  specific  secretory  nerve  fibers,  it  is  pt»ssible  that  there 
naay  be  fctrmed  in  the  body  specific  chemical  excitants  or  diunptirs 
belonging  to  the  general  group  of  hi>rmones  ip.  765).  Schafer*  hiw» 
shown  that  such  a  substance  o<'curs  normally  in  the  nen'oijs  lolie 
of  the  |>ituitary  gland,  and  it  is  possible  that  the  internal  secretion 
of  this  lobe  may  play  toward  kidney  activity  a  role  similar  to  that 
of  the  ndrcnalin  toward  muscular  raetalxjlisin. 

The  Composition  of  Urine. — The  urine  of  man  is  a  yell 
liquid  tluit  viirics  greatly  in  depth  of  color.  It  lias  an  g^vt 
Bpecific  gravity  of  l.t>2t)  and  usually  an  acid  reaction.  This  arid 
reaction  is  attributetl  generally  to  the  presence  of  acid  phosphates, 
particularly  aci<l  sodium  phosphate  (NaH,PO^);  but,  accordiog  U> 
Folin.t  the  acidity  is  due  partially  and  indeed  in  lai^r  part  to  or- 
ganic acids.  When  tested  by  the  usual  indicat^)rs  (litmus)  buinaa_ 
urine  may  show  an  alkaline  reaction,  and,  in  fact,  oheervat 
indicate  that  the  reaction  may  var>'  in  accordance  with 
character  of  the  food.  Among  camivora  the  urine  b  uniformly 
acid,  and  among  herbivora  it  is  alkaline  so  long  as  they  liae  a  veg- 
etable  diet.  During  starvation,  however,  or  when  living  upon  tint 
mothers'  milk, — that  is,  whenever  they  are  existing  upon  a  puw4y 
animal  diet — the  urine  becomes  acid.  The  general  exfdaoatioo  M 
tlu^  elTect  of  food  that  has  l)een  suggested  (I^echsel)  is  that  upon 
an  animal  diet  n»orc  acids  are  formed  (from  the  oxidation  of  th» 
sulphur  and  phosphoni-s  of  the  proteins)  than  in  the  case  of  the 
vegetable  foods  in  which  the  alkaline  salts  of  the  vegetable  aekia 
give  nse  on  oxidation  in  the  Ixidy  to  alkaline  carlK  mates.  The 
kidney  separates  from  the  neutral  blooti  an<l  lytnph  the  rxo«M»  of 
acid  salts  and  thus  maintains  a  normal  balance  iietween  the  arkl 
and  basic  equivalents  in  the  V)1<xkI,  but  the  fact  that  on  an  onitnonf^ 
mixed  diet  the  urine  has  an  acid  reaction  indicates  that  the 
formed  in  the  body  during  metabolism  must  exceed  the  basieR. 

The  composition  of  the  urine  is  very  complex.  In  addiUon  to 
the  water  and  inorganic  salts  the  following  elements  are  impoctaatt 
namely,  urea,  the  purin  IkhIics  (uric  acid,  xanthin,  hypoxanthin), 
ciratinin,  hippuric  acid,  oxalic  acid  (calcium  oxalate),  wvcnl 
conjugated  sulphates  and  conjugated  glycuronates,  BBvenU  aracnatir 
oxyacids  and  nitrogenous  acids,  fatty  acids,  diaaoived  gaww  (N  awfc 
00,),  and  the  urinarv*  pigments  lutKhrome  and  urobilin.     This  bl 

•  Schufcr  ami  Herring,  "  Pliil.  Tnuw."  HWfi,  B.  cxcix  .  I. 
^  *'  XiiMTwrftH  iinxn\a\  o(  I'liyniolngy, "  9,  2(i.'i,  l»10». 
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IS  not  complete;  a  number  of  additional  substaneew  have  been  de- 
scribed as  occurring  ctmstaiit  ly  or  occasiomilly  in  traces  within  the 
limits  of  health,  and  s<ime  substances  are  secreted  whose  conaposi- 
tion  is  unknown.  Under  pathoiopical  conditions  the  composition 
may  be  still  further  modified.  The  complexity  of  the  compusition 
may  be  understood  when  it  is  recalled  that  through  this  organ  are 
eliminated  some  of  all  the  end-pRi<lucts  formetl  in  the  various  tis- 
sues, together  with  products  arising  from  bacterial  fermentation 
in  the  gastnnintestinal  canal  and  various  more  or  less  foreign  sub- 
stances taken  with  the  food.  It  is  not  possible  to  descrilie  ail  the 
numerous  constituents  that  have  been  observetl.  Attention  may 
be  directed  to  thfKse  that  fiuantitatively  or  otherwise  are  of  chief 
phy^ologica!  interest. 

The  Nitrogen  Elimination  in  the  Urine. — Nearl}'  all  of  the  ex- 
cretion of  nitrogen  occurs  in  the  mine.  In  the  metabolism  of  the 
ii.siial  footlstuffs  —carbohydrates,  fats,  and  protein;*  -the  en<l-prod- 
urts  of  theii'  destruction  or  physiological  o.vidatitm  in  the  body  are 
water,  carbon  (Hoxid,  and  nitrogenous  waste  products  (and  sulphates 
and  pho.sphate.s  from  the  sulphur  and  pliosphorus  in  the  proteins). 
The  water  is  eliminated  in  the  urine,  the  sweat,  saliva,  etc..  antl  the 
expired  air.  The  ro^  is  eliminated  in  the  expired  air,  and  in  smaller 
part  in  dissolved  form  in  the  secretions  (sweat,  urine).  The  nitrog- 
enous excretion,  i-epresenting  the  breaking  down  of  protein  material. 
is  found  in  minu»,e  part  in  the  sweat,  to  a  larger  extent  in  the  feces, 
but  in  by  far  the  main  amount  in  the  urine.  In  all  problems  con- 
cerning pn>tein  metaimli.sm  in  the  body,  both  as  regards  its  char- 
acter and  extent,  the  quantitntive  study  of  this  excretion  is  of  par- 
amount importance.  In  order  to  determine  the  total  amount  of 
protein  metal^jolism  it  is  customary  to  determine  the  total  nitrogen 
eliminated  in  (he  urine,  without  repartl  to  its  specific  form.  This 
ilelermination  is  made  u.sually  by  the  method  of  Kjeldahl.  The 
total  weight  of  nitrogen  mvdtiplied  by  6.25  gives  the  amount  of  pro- 
tein Ijroken  down,  since  nitrogen  forms,  on  the  average.  16  per 
rem.  of  the  weiglit  of  the  protein  molecule.  In  an  average-sized 
man  the  total  nitrogen  eliminated  in  a  day  varies,  let  us  say,  between 
14  and  18  gras.,  which  would  correspond  to  88  and  117  gms.  of  pro- 
tein. ■  It  being  often  necessanr-  to  distinguish  between  the  forms  in 
which  this  nitrogen  is  eliminated,  the  following  distinctions  are  nrmde: 
(1)  The  urea,  nitrogen, — that  isj  the  nitnjgen  eliminated  as  urea. 
According  to  atuttyscs  made  by  Folin,*  the  urea  nitrogen  in 
man  averages  87.5  per  cent,  of  the  total  nitrogen.  (2)  The  am- 
nitmia  nitrogen — that  is,  the  nitrogen  founil  in  the  form  of  am- 
monia .<alts  which  liberate  free  ammonia  on  the  addition  of  a  fixed 
alkali.  The  proportion  of  this  ammonia  nitrogen  often  varies, 
especially  under  pathological  conditions  affecting  the  liver.  Its 
•  American  Ptiy.siological  Jaum.il,"  13,  4.5,  I90.>. 
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quantitative  detormination  is  a  nmttor  of  importance.   The  aver- 
age amount  in  health  may  bo  statod  (Folin)  as  4.3  per  cent,  of  lb 
total  nitrogen.     (3)  The  creatinin  nitrogen — that  is,  the  amount 
excreted  as  creatinin  and  indicative  of  a  special  (muscular)  nietab- 
olisni  {:i,6  per  cent,  of  total  nitrogen).     (4)  The  purin  nltrnpn 
(uric  acid,   xanthin,   hypoxanthin).   also  indicative  of  a  sjtwial 
metabolism.     [5)  The  unknown  nitrogen.     A  considerable  portion 
of  the  nitrogen  is  eliminated  in  com|jounds  whose  composition 
a.s  yet  has  not   been   determined   satisfactorily.     Accurdinp  ti» 
some  analyses  tbis  portion  of  the  nitrogen  may  amount  to  tuor*' 
than  ,5  per  cent,  of  the  total  nitrogen.     The  so-called  oxy|m)t4»i^' 
acid  constitutes  a  part  of  this  unknown  residue.     This  nitrogenou  ^ 
substance  is  said  to  yield  leucin  and  other  amino  acids  on  hydroly^"^ 
sk,*  a  fact  which  w<ndd  suggest  that  it  belongs  to  the  proteiT^^^ 
grou[>  or  is  derived  from  a  protein;  possil>ly  it  is  a  polypeptid.        ^ 
Origin  and  SigniJBcance  of  Urea.^ — Urea  has  the  formula,  CCV'^^ 
N-H,.    It   may  be  considered  as  an  amid  of  carbonic  acid,  anc::^^^^ , 

•'  \  H 

has,  therefore,  the  structural  fonnula  of  CQi^lyjjj*.     It  occurs  in  th< 
urine  in  relatively  large  quantities  (2  per  cent.).     As  the  total  quan — 
tity  of  urine  secreted  in  twenty-four  hours  by  an  adult  male  may 
be  placed  at  from  IfAHi  to  1700  c.c,  it  follows  that  from  30  to 
gnts.  of  urea  are  eliminated  from  the  body  during  this  jjeriod.     I 
is  the  most  important  of  the  nitrogenous  excreta  of  the  body,  the^* 
chief  end-product,  so  far  as  the  nitrogen  is  concemefl.  of  the  phy 
iological  tuetalx)Iism  of  the  proteins  ami  the  albuminoids  of  th 
foods  and  t!ie  tissues.     If  we  know  how  much  urea  is  secreted  in  2»^::=i 
given  p>eriod,  we  know  approximately  how  much  prot«n  has  h>eei 
broken  down  in  the  body  in  the  same  time.     In  round  numbers, 
1  gm.  of  protein  will  yield  4  gni.  of  urea,  a.s  may  be  calculated  easilj 
from  the  amount  of  nitrogen  contiiinetJ  in  each.     Since,  however-   — i 
some  of  the  nitrogen  of  protein  is  eliminated  in  other  forms — uric: 
acid,  ereatiivin,  etc. — even  an  exact  detertnination  of  all  the  ure 
is  not  sufficient  to  determine  with  accuracy  the  total  amount  o: 
protein  of  all  kinds  that  has  ijeen  metabolized.     This  fact  is  arrivi 
at  more  perfectly,  as  stated  above,  by  a  ik-leiininHtion  of  the  t«*ta^B 
nitrogen  of  the  urine  and  other  excretion.'^.    In  addition  to  the  urine-— 
urea  is  found  in  shght  quantities   in  other  secretions — in  milk  {irm- 
traces)  and  in  sweat.     In  the  latter  Hquld  the  quantity  of  urea  in»- 
twenty-four  hours  ma}'  lie  quite  appreciable—  as  much,  for  ini^tance-. 
as  0.8  gm. — although  such  a  large  nmount  i.s  found  only  after  active- 
exercise.     It  hits  Ijeen  ascertained  definitely  that  urea  is  not  formed 
by  the  kidneys;  it  is  brought  to  the  kidneys  by  the  blood  for  elimi- 
nation.    That  urea  is  not  made  in  the  kidneys  is  demonstrated 

♦  Consult  Ginsberg,  Hofmeietcr's  "Beitrfige,"  10.  411.  IW7. 
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by  such  fart.s  as  these:  If  hltxici,  on  the  one  hand,  is  irrigated  through 
an  isolnted  kidney,  no  urea  is  fotmed,  even  though  substances  (such 
as  ammomiura  rarhonate)  from  which  urea  is  readily  produced  are 
added  to  the  bi(X)^l;  on  the  other  hand,  urea  is  ron-^antly  present 
in  the  blood  (0.().'J4S  to  0.1529  per  cent.),  and  if  the  two  kidneys 
are  removed,  it  continues  to  accumulate  steadily' in  the  blood  as 
long  as  the  animal  sur\'ives.  It  hiis  been  a.scertained  that  the  urea 
is  produced  in  part  in  the  liver.  The  most  important  questions 
to  be  decided  are:  Throuph  what  steps  is  the  protein  nuilecule 
metabolized  to  the  form  of  urea?  and  What  is  the  antecedent 
sul"»stance  brought  to  the  liver,  from  which  it  makes  urea?  It  is 
impossible  to  answer  these  questions  f>erfe('tly,  but  recent  investi- 
gations have  thrown  a  great  tieal  of  light  on  the  whole  process, 
and  they  give  hope  that  Ijefore  long  the  entire  historv'  of  the  deriva- 
tion of  urea  from  proteins  will  be  known.  The  results  of  this 
wt>rk  may  be  .stated  brieHy  jus  fnllows: 

I.  Urea  arises  from  ammorjia  salts  which  in  the  liver  are  converted 
to  urea  by  a  proee.ss  equivalent  to  dehydration.  It  has  long  lx?en 
known  that  when  ammonium  carl>onate  is  added  to  blood  perfused 
through  a  liver  it  is  converted  to  urea.*  The  reaction  may  be 
represented  as  follows: 


ro<gJJ{}*  —  2a,o  =  CO 

Ammotiiutn  rarbonntp. 


NH, 
NH, 

Vttu. 


Moreover,  the  experiments  made  by  Hahn.  Pawlow,  Massen,  and 
Nencki  f  show  that  in  dogs  removal  of  the  liver  is  folio wetl  by  a 
decrea.se  in  the  amount  of  urmv  in  the  urine  ami  an  increase  in  the 
ammonia  contents.  In  these  remarkable  experiments  a  fistula 
(E}ck  fistula)  was  made  between  the  portal  vein  and  the  inferior 
vena  cava,  the  result  of  which  was  that  the  whole  portal  circulation  of 
the  hver  was  abolLslied,  the  organ  receiving  blooil  only  by  way  of 
,lhe  hepatic  arterJ^  If  now  the  hitter  arter>'  was  ligated  and  the 
iver  was  cut  away  as  far  as  pos-sible,  the  i^esult  was  practically  a 
complete  extirpation  of  the  organ.  Later  investigations  |  .showed 
that  in  normal  animals  the  anmiouia  contents  of  the  blooil  of  the 
portal  vein  may  I)e  three,  to  four  times  ns  great  as  in  arterial  blood, 

»but  that  after  removal  of  the  liver  the  ammonia  in  the  general 
circulation  increases  to  a  point  equal  to  that  ol>served  for  the 
portal  blood  and  produces  symptoms  of  poisoning  which  may 
re-siilt  fatally.  It  would  seem,  therefore,  that  the  liver  protects  the 
body  from  the  poisonous  action  of  the  ammonia  compounds  by 
^Mon verting  them  to  urea.     Now  in  the  normal  digestive  hydrolysis 

^V       ♦Schroeder,  ".\rchiv  f.  exp.   Pathol,   u.  Pharmakol.,"  vols.  xv.  and  xix., 
1882.  ISS'). 

t  See  "Archiv  f.  exp.  Pathol,  n.  Pharmakol,"  1893,  xxxii.,  161. 

}  See  Ncncki  and  Pawlow,  "Archives  des  sciencea  biologiques, "  v..  213. 
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of  proteins,  brought  aliout  by  the  .sutTessive  action  of  pepsin, tryp- 
sin, and  erepsin  the  evidence  at  present  indicates  that  thepniU-in 
material  is  split  largely  or  entirely  into  its  constituent  elemenU 
and  its  nitrogen  appeai-s  mainly  in  three  forms — as  ammonia,  a 
monamino-acids,  and  as  diamino-bodies.  The  ammonia  produced 
is  probably  carried  to  the  liver  anrl  there  converted  to  urea  In 
what  form  the  ammonia  exists  in  the  blood  is  not  positively  known; 
it  may  be  present  as  a  carbonate  or  possibly,  as  some  observers 
have  thought,  as  a  carbamate.  Ammonium  carbamate  might  be 
changed  to  urea  according  to  the  following  reaction  : 


co<oj[;*_H,o  =  m-;3H;. 


Ammonia  salts  may  arise  similarly  in  the  other  protein  tiasues 
of  the  body.  It  is  known,  for  instance,  that  the  p>ercentage  of 
ammonia  compounds  in  the  tissues  Ls  gi^eater  than  in  the  blood. 
Since  the  cells  of  many  of  the  protein  tissues  of  the  body  contain 
intracellular  enzymes  capable  of  causing  hydrolytic  cleavage  of  the 
protein  molecule  it  is  probable  that  some  aminorsia  may  be  thia 
formed  in  various  parts  of  the  bod\-;  and  so  far  as  it  is  produced 
it  will  be  convened  to  urea  by  the  action  of  the  liver  and  possibly 
by  a  similar  action  in  other  tissues. 

2.  Urea  arises  from  the  monamino-acids  by  a  process  of  deami- 
diaation,  whereby  the  NH,  group  Ls  converted  to  ammonia  aiiJ 
then  probably  to  urea.  It  Ls  known,  for  example,  that  when  a 
raonamino-acid  such  as  glycocoll  or  feucin  is  given  to  an  animal  the 
nitrogen  of  the  compound  Li  promptly  eliminated  as  urea.  Since, 
as  stated  above,  these  monamino-acids  form  the  chief  coastitucnt 
of  the  end-prndu<'t'4  formed  in  the  tligestion  of  proteins,  it  Ls  very 
probable  that  in  passing  through  the  Uver  their  nitrogen  is  removed 
by  a  process  of  deamidization  and  eliminate*!  as  urea.  The  organic 
acid  radicle  that  remains  may  suffer  oxidation  and  thereby  fumLih 
heat  energy  to  the  body,  or  it  may  possibly  be  used  for  the  con- 
struction by  synthetic  processes  nf  carbohydrate  or  of  fat.  Doubt- 
le.Hs  also  in  the  metabolism  of  the  proteins  of  the  tissues,  as  in  the 
digestion  of  the  food  protein.s.  monamino-acids  are  likewise  formed 
and  suffer  a  similar  fate,  so  far  as  the  nitrogen  is  concerned. 

3.  Urea  arises  from  the  diamino  bodies  (arginin"),  formed  in  the 
cleavage  of  the  protein  molecule,  by  conversion  of  the  contained 
guanidin  radicle.  Kossel  and  Dakin  *  have  demonstrated  the 
existence  of  a  ferment,  arginase,  which  is  capable  of  splitting 
arginin  into  urea  and  ornithin.  The  reaction  may  be  represented 
by  the  following  equation: 

NHC<5JJJ«(CH,),r;HNH3COOH  r  H,0  =  C0<^^-'  +  NH,(CH,)3CHNHr00H 

Arxinin  (Buanidin  diaiaino-vatenknic  acid.  Urea.         Diamino-valeriaaic  and. 

*  •' Zevl8c\mtl  I.  VU-jswdi.  V:V\«nv\ft,''  VJ«V\,Tdu.,  181. 
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Tnlike  cases  I  and  2,  tho  uroa  in  this  instance  is  fonnccl  <lircctly 
from  the  guanidin  residue  containeil  in  the  arginin.  Sinre  this 
latter  substance  constitutes  one  of  the  split-praducts  of  the  protein 
during  digestion  and  probably  also  one  of  the  split -products  in 
the  metabohsm  of  the  proteins  of  the  tissues,  there  Is  reason  to 
believe  that  part  of  the  urea  actually  formed  in  the  body  arises 
by  this  method. 

4.  Urea  arises  from  a  further  metabolism  of  uric  acid.  As  is 
stated  below  in  describing  the  histoiy  of  the  origin  of  uric  acid 
there  is  positive  evidence  that  not  all  of  the  uric  acid  produce4l 
in  the  body  is  excreted  as  such.  A  portion  is  further  acte<l  upon 
by  a  uricolytie  enzyme  and  converted  to  urea.  The  portion  so 
affected  varies  in  different  animals.  In  man  it  is  estimated  that 
about  one-half  of  the  uric  acid  arising  in  the  body  metabolism 
proper  (endogeneous  uric  acid)  suffers  thisi  fate. 

It  is  a  very  significant  fact  that  the  relative  and  absohite  amount 
of  urea  nitrogen  in  the  urine  vaties  directly  with  the  amount  of 
protein  taken  as  food,  while  other  nitrogenous  constituents  of  the 
urine  (creatinin,  purin  bases)  are  practically  not  affected  l>y  the 
food,  if  care  is  taken  to  have  the  food  free  of  these  substances  to 
begin  with.  Folin  has  laid  empha.sis  upon  this  fact.*  and  sugge.st!^ 
that  most  of  the  urea  may  come  dii-ecth'  from  protein  of  the 
food  which  is  hydrolyzed  during  digestion  anil  absorption  (action 
of  trj-psin  and  crepsin)  into  simpler  atnino-acids.  These  amino- 
bodies  by  further  hydrolysis  and  oxidation  may  lie  converted,  so 
far  as  their  nitrogen  is  concerned,  into  ammonia  comj>ounds  and 
eliminated  at  once  as  urea  by  the  li\"er  without  entering  into  tissue 
formation  at  all. 

Even  after  the  removal  of  the  liver  some  urea  is  still  found  in 
the  urine.  It  seems  as  though  the  urea-foiniiug  power  of  the  liver 
is  8hare<l  by  some  of  the  other  tissues,  just  as  its  glycogenic  functions 
are. 

Origin  and  Significance  of  the  Purin  Bodies  (Uric  Acid, 
Zanthin,  Hypozanthin,  Adenin,  Guanin). — These  bodies  are 
related  chemically,  and  appear  also  to  have  a  common  physiological 
significance.  Their  chemical  relations  have  l>een  described  by 
EmW  Fischer,  to  whom  we  owe  the  term  purin  bodies.  Fischer 
pointed  out  that  these  antl  other  substances  belonging  to  this 
group  have  a  common  nucleus: 
N  — C 

C      C  —  N^        which     he     named     the     pwnn.     nucleus.     The 

hydrogen  compound  of  this  nucleus  would  Iw  designated  as  purin, 

*  Folin,  "American  Journal  of  Physiology,"  1.3,  117,  1905. 
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C,H,N,.   Addi- 


N  =  CH 
and  would  have  the  formula:    HC      C— NH      , 

II     II       v„ 
N  —  c  —  a^^^ 

tion    of    an    atom    of    oxygen    gives    hypoxanthin,   C,H,N^O: 

HN  — 00 

HC       C  —  NH 

II  II  \cH 


thin,  CjH.N.O, 


Addition  of  two  atoms  of  ox}'gen  gives  ua- 
HN  —  00 

CO      C— NH 

UN  —  c  —  N^^'    ^^  addition  of  three  atoms 
HN— 00 

of  oxygen  gives  uric  acid,  G.H.N.O,:  Ci)       C  — NH        .which 

J  I!  >f'0 
HN  —  C  —  NH 
from  this  standpoint  might  be  named  trioxypurin.  If  one  of  the  H 
atoms  in  the  purin  is  substituted  by  an  amino-group,  NHj,  the  com- 
pound, adenin  (C^H^N,),  is  obtained,  and  the  substitution  of  an 
NHj  groaj)  in  hypoxanthin  gives  the  compound  guanin  (CjHjNjO). 
Moreover,  cafTein,  the  active  j>rinciple  of  coffee  and  tea,  and  iheo- 
bromin,  the  active  principle  of  cocoa,  are  respecti\ely  trimethyl 
and  dimethj-l  compounds  of  xanthin.  We  have  to  distinguish, 
therefore,  three  daj^ses  of  ptuin  rompoimds,  namely,  the  ojy/niniM. 
comprising  monoxypurin  oj-  tiypoxanthin,  dioxypuiin  or  xanthin. 
and  trioxj'purin  or  uric  acid;  the  aminopwins,  comprisinK  adenin  or 
aminopurin  and  guanin  or  aminoh}i)oxanthin.  and  the  methi/- 
purins,  comprising  caff  em  or  trimethyl  xanthin  (Cj^,„N,Oj  or  C,H- 
(CH3)^NjOjj)  and  theohromin  or  dimethyl  xanthin  (C.H^N^O.  or 
C^H2(CH,,)jNPj).  Uric  acid,  xauthui.  and  hypoxanthin  are  foun<l 
constantly  in  the  urine  and  in  the  feces  small  amounts  of  xanthin. 
hypoxanthin,  adenin,  and  giianin  may  also  occur.  It  has  Uxn 
pointed  out  *  that  these  sutistances  come  partly  from  purin  Ixxiifs 
taken  as  food.  If  materials  containing  the  purin  lx)die*,  such  98 
meat,  are  fed,  these  bodies  are  excreted  in  part  in  the  urine,  h  is 
proposed  to  designate  the  uric  acid,  etc..  that  has  this  origiii  as  the 
exogenous  purin  material.  A  portion  nf  the  amount  daily  secreted 
comes,  however,  from  a  metabofom  of  the  protein  material  of  the 
body,  and  this  portion  may  be  distinguished  as  the  endogenous  purin 
bodies.  This  latter  amount  Ls  found  to  l>e  practically  cotistfint, 
0.15  to  0.20  gm.  per  day  for  any  one  individual,  and  the  amount  is 
not  affected  by  changes  in  the  quantity  or  character  of  the  food, 
but  varies  within  certain  limits  with  the  manner  of  life.     Evidently 


*  See  Burian  and  Schurj  "Archiv  f.  die  gBaanimte  Physiologie,  *'  9-1.  273, 
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thn  endogpTjouis  puriti  nitrogen  represprits  a  special  inetabfdism, 
propably  of  ihe  living  tissues,  tliiit  goes  on  independently,  in  great 
measure,  of  the  mere  oxidation  of  food.  Afcording  to  Siven,  the 
production  during  sleep  is  mufli  less  than  during  the  waking 
hours.  Since  the  purin  bodies  may  be  obtained  readily  by 
hydrolytic  cleavage  of  the  nuclein  or  nucleic  acid  constituent 
of  the  nucleoproteins,  and  since  nueleoproteiu  material  or  nucieins 
when  fetl  to  animals  cause  an  increase  in  the  amount  of  purin 
nitrogen  eliminated  in  the  urine,  it  is  most  probable  that 
in  the  body  tliese  purin  bases  represent  the  end-|n'oducts  of 
the  metabolism  of  nuclein  material.  The  intermediate  processes 
in  this  metabolism,  whether  it  affects  the  nuclein  taken  as  food 
or  the  nuclein  contained  within  the  tissues  of  the  botly,  are 
supjxised  to  take  place  according  to  the  following  general  schema: 
The  nucieins  that  are  split  off  from  the  nudeoprotein  are  acted 
upon  first  by  an  enzyme  belonging  to  the  group  of  nucleases,  which 
have  Ix^n  demonstratwl  to  exist  in  various  tissues,  e.  (}.,  in  the 
spleen,  liver,  lungs,  ami  kidneys.  By  the  action  of  this  enzyme  the 
nuclein  is  split,  with  the  formation  of  atlcnin  and  guanin.  The 
adenin  and  guanin  are  then  deamidized  and  converted  respectively 
to  hyix)Xttnthin  antl  xanthin.  Jones  *  has  given  reasons  to 
believe  that  two  specific  deamidizing  enzymes  of  this  ttharacter 
may  exist  in  the  bo(.ly,  namely,  oilenoJH'  and  ijimna.se.  Their  action 
may  be  represented  by  the  following  ecjuations: 


^^ffie 


Adenin. 


Hypoxftntliln. 


Guanin.  Xanthin. 


le  hypoxanthin  and  xanthin  thus  formedf  are  in  turn  oxidized 
to  uric  acid  by  the  action  of  an  oxidase  to  which  the  specific  name 
of  xantii'moxidase  has  l)een  given.  Its  action  upon  the  hj'poxanthin 
_Or  xanthin  is  represented  by  the  series: 

flypoxauthin.  Xantliin. 


XantKin. 


Uric  Bcid- 


ially,  as  stated  above,  it  can  be  shown  that  a  portion  of  the  uric 
Bid  may  be  further  metabolized  by  the  action  of  a  specific  urico- 
fie  emifme  and  give  ri.se  to  urea.  The  portion  of  the  uric  acid  under- 
)ing  this  hisi  change  varies  in  (.lifferent  animals,  na  may  lie  demon- 

•  Jones  and  .\u.striiiii,  "Zeitaohrifl  f.  physidl.  Cheni.,"  1906,  .xlviii.,  110; 
»ep  alw;  Jonw,  "Journal  of  Binlogif"»l  Chf^mixtrv."  ft,  Ififl,  11)11. 

I  Tlif  saint^  ttiilhor  has  shown  Ihnt  x.-irilfuii  am!  liy|K>xanthin  nuiy  he 
pro*luced  from  thi»  niirleie  arid  by  a  aomc^vhiit  rlifffTciU  |>r«K-ess.  Phospnorin 
arid  ia  first  split  ofT  from  the  nucloin  ariii,  U'aving  Ruanosiiio  or  fulenosine, 
which  art"  then  (liaiiikiiKiNi,  pat-h  by  a  .specific  enzyme  (K^lun(winu.■^♦•,  adi-no- 
ainasc),  with  thi-  produrtion  of  xanthosin  or  inosin.  These  latter  are  then 
hy<lrolyzc"d  to  xanthin  unxi  hypoxanthin. 
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titrated  liy  giving  definite  amounts  uf  uric  ndd  in  the  food.  Ex- 
porimfnts  of  this  kind  have  shown  that  iu  man  about  one-half 
of  the  uric  add  formod  pivp?5  risr  t4>  urea,  whilo  in  dogs  and  pats 
only  about  Vj  sufT<'rH  this  fhangc\  In  rabliit,s  the  proportion  is  J. 
According  tjij  a  former  view  (Horbaezewsky)  it  wa«  supposed  tbtt 
the  endogenous  purin  nitrogen  represents  an  end-product  of  tbe 
metabolism  of  the  nudein  found  in  the  nuclei  of  cells,  especially 
in  the  nuclei  of  the  leucoci,'tes.  Rut  Burinn  has  shown,  on  the 
coatrary,  that  most  of  this  nitrogen  in  the  excreta  arises  from  a 
metabolism  in  the  muscular  tissues.*  Increased  muscular  activity 
is  followed  within  an  hour  or  two  by  an  increased  output  of  urir 
acid,  and  when  an  isolated  muscle  is  perfused  with  a  mixture  of 
defibrinated  btoorl  and  Ringer's  solution,  uric  acid  is  given  off  to 
the  circulating  liquid.  When  the  muscle  under  these  last -mentioned 
conditions  is  made  to  work  »  distinct  increa.se  in  the  hypoxantbin 
and  uric  acid  can  lie  determined.  It  would  seem,  therefore,  that 
under  normal  conditions  tlie  uric  acid  and  other  purin  haa»  art 
derive<l  mainly  from  a  nietabolism  of  the  muscular  guidance 
wiiereby  liypoxatithin  Ls  produceil.  This  substance  is  then 
oxidized  to  uric  acid  ami  a  part  of  the  uric  acid  is  further  changed 
to  urea,  t 

Origin  and  Significance  of  the  Creatinin  and  Creatin-^ 
Creatiniii  ((\H7N3O)  occius  in  the  urine,  and  it  has  been  assumed 
that  it  is  derived  from  the  creatin  (C^H^NjOj)  found  in  muscle.    Its 

structural  fomuda  is  given  as  NHC<'  f       and  it«  chemical  n- 

Ifttiona  are  indicated  by  the  fact  that  it  may  he  prepared  synthetically 
from  methyl-glyeocoU  and  fyanamid, — that  is,  the  union  of  thea 
two  substances  gives  creatin,  from  which  in  turn  creatinin  may  be 
obtained. 


NEC-NH,    +     NH((;H,)CH,a)OH   =    NHC^^JJJJljj^^f^^pjQg 

Cymjumid.  Methyl-clyoooolL  Creatin. 


CYeatinin  occurs  in  the  iirine  etmstantly  and  in  amounts  eqiiiJto 
1  to  2  gms.  per  day,  or,  accthrding  to  Shaffer, t  there  is  an  eotcretion 
of  from  7  to  11  rag.  of  creatinin  nitrogen  per  kilogram  of  body- 
weight.  Next  t(»  the  urea  and  the  ammonia  compounds  it  forms 
the  most  important  of  the  known  nitrogenous  constituent  of  the 
urine.  Its  phy.siological  hi.story  is  imperfect!}'  known.  Under 
constant  conditions  of  life  the  amount  of  creatiriiin  formed  in  the 
IxKly  is  independent  of  the  (juantity  of  protein  eaten,  and  thts 
fact  indicates  (Folin)  that  it  repre-sents  an  end-product  of  t''® 

*  Rurian,  "  Zi'VtwWvtl  r  p\\ys.wl.  nictnif,"  xliii.,  p.  632. 
t  For  a  review  ot   t\\u  exl«'usi\\c  \\VftraV\Mv,  w«  V>\c«k,  " Biochcmischc* 
Centralblatt, "  l^WV,  v .,  ^t«..  \y\\.  ,    .  ^.     .  ,,^  „  -,  ,   .^.^^ 

J  Consult  Shaffer.  *'  \meT\t8.Tv  JovytosX c^ ^V>j*w>\«« ,   TAvXA'**'- 
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metalx)lisin  of  liviiiK  or  orKanizi-d  protein  tissue  rather  than  one 
of  the  ffsult?^  of  the  metabolism  of  tho  food  protein.  This  con- 
clusion is  strL'iigthenetl  by  the  fact  that  in  fevers  and  other  patho- 
logical conditions  in  which  there  is  an  increased  breaking  down  of 
tLssues  the  t-rputifiin  excretion  i.s  iticreased.*  As  .stated  ulH«ve. 
the  usual  vie\v  has  been  tliat  the  creatinin  iif  the  urine  is  derived 
from  the  creatin  of  the  muscles,  but  the  effort  to  demonstrate  that 
this  relationship  actually  exists  has  met  with  many  tiifficulties- 
The  older  observers  i>ointed  out  what  seems  to  be  an  objection 
to  this  view,  namely,  the  lai-k  of  relutionslu[)  between  the  amount 
of  creatin  in  the  nmsculature  of  the  body  (about  SHJ  gms.)  and 
the  small  amount  of  creatinin  (1  to  2  gins.)  excreted  dailj'.  If 
the  creatin  is  a  nitrogenous  waste  constantly  formed  at  thL«i  rate 
an<l  excretetl  as  creatinin,  theiv  ought  to  be  a  larger  amount  of  the 
latter  substance.  To  nieet  this  difficulty  it  was  suggested  that 
some  of  tiae  creatin  may  be  converted  to  urea,  but  as  a  matter  of 
fact  the  possibility  ">f  such  a  conversion  in  the  body  lias  not  been 
demonstrated.  M«ireover,  the  conversion  by  the  body  of  creatin 
into  creatinin  is  not  so  simple  a  matter  as  was  sup]H)sed.  ^^'hen 
ereatuiui  is  twlded  to  the  diet  it  is  excrete^l  as  i-reatiniii.  When 
creatin,  on  the  contrary,  is  fed,  there  is  no  apparent  increase  in  the 
creatinin  of  the  urine.  In  fact,  in  the  experiments  rei>orteil  the 
creatin  nitrogen  wjis  not  recovered  in  any  form  in  the  urine.  The 
newer  analyses  seem  also  to  sliow  that  normal  muscular  work 
causes  no  increase  in  the  excretion  of  creatinin  in  the  urine. 
Experimental  work,  in  fact,  upon  the  relationship,  if  any,  and 
sigTj iflrance  of  the  creatin  ami  creatinin  ha.s  g*it  only  so  far  us  to 
show  that  the  story  is  more  complex  ami  difficult  than  was  forujerly 
supposed.  Normally,  creatin  exi.sts  in  the  nmsrular  tissue  of  the 
vertebrate  animals — not  in  that  of  the  invertebrates.  Oeatinin, 
on  the  contrary,  does  not  occur  in  detectable  amounts  in  the  blood 
or  tissues  of  the  body,  but  is  a  constant  constituent  of  the  urine. 
Creatin  is  not  present  normally  in  tlie  jirine,  but  under  cunditions 
which  itivolve  a  destruction  of  the  organized  l)ody-protein.s,  for 
example,  in  fevers,  starvation,  in  women  after  delivery,  during 
the  jjeriod  of  involution  of  tlie  uterus,  etc.,  it  may  l>e  .secreted 
by  the  kidney  in  distinct  amounts,  Several  investigators  have 
assumed  tiiat  the  liver  ig  concenied  in  the  historj'  of  these  two 
sub.stiuices,  [jut  the  part  phiyed  by  this  organ  is  int^'rpreted 
differently  by  those  working  at  the  subject;  and  it  seems  abso- 
lutely necessary  at  present  to  suspend  judgment  in  regard  to  the 
connection  and  significance  of  these  two  substances  until  inves- 
tigations have  reached  more  satisfactory  results,  f 

•  Hoogcnlkiiyze  and  Ver]>lcM?j5li,  "Zeitschrift  f.  pliysiol.  (.'heniie,"  67,  161, 
1908. 

t  For  a  recent  review  and  tite  litiTaturti,  couHuk  Mendel,  "Scirnce,"  April 
9,  19U». 
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Hippuric  Acid. — This  substanw  has  the  formula  C»H,NO,.    Its 
moltHJuJur  strufture  is  kitown,  since  ui>ori  riecomposition  it  yields 
benzoic  acid  and  glycncoli,  and.  moreover,  it  may  be  produced  gyn- 
thetically  by  the  union  of  these  two  substances.    Hippuric  »ciiti 
may  be  described,  therefore,  as  a  V»enzoyl-aniino-acetic  acid  (CH,- 
NH[CaHsCOJCX)OH).     It  is  found  in  considerable  quantities  in  the 
urine  of  herbivorous  animals  (1.5  to  2.5  per  cent.),  and  in  much 
smaller  amounts  in  the  urine  of  man  and  of  the  camivora.    In 
human  urine,  on  an  averaf;e  diet.  aJx)ut  0.7  gm.  are  excreted  io 
twenty-four  houi->s.    If  the  diet  is  largely  vegetable,  this  nmoimt  may 
lie  much  increiuscii.    This  Ixst  fjii-t  is  readily  explained,  for  it  has  K'cn 
found  that  if  benzoic  acid  or  substances  containing  this  grouping 
are  fed  to  animals  they  appear  in  the  luine  as  hippuric  acid.     Evi- 
dently a  synthesis  occurs  in  the  body,  and  Bunge  and  Schmie- 
dcl)ei^  proved  conrhjsively  that  in  dogs  the  union  of  benzoic  acid 
and  glycocoll   to   f<jnu    liipjjuric   acid   takes  place   in  the  kidne>' 
iteelf.     Later  it  was  discovered*  that  the  same  s\ntJiesis  may  be 
ef!'e<'t.wl  by  ground-u]>  kidney  tissue,  mLxed  with  blood  and  kept 
tmder  oxygen    j>res.sure.     It   seems   possible,   therefore,    that    the 
synthesis  Ls  due  to  some  specific  constituent  of  the  kidney  celb, 
posfiibiy  an  enzyme.     Vegetable  foods  contain  benzoic  acid  com- 
pounds, and  we  can  understand,  therefore,  why  when  fed  they  io- 
crease  the  hippuric  acid  output  of  the  urine.    Since,  Ijowiever,  in 
8tar%'ing  animals  or  animals  fetl  upon  meat  hippuric  acid  is  still 
present  in  the  urine,  although  reduced  in  amount,  it  is  evident  that 
it  arises  in  part  as  a  result  of  the  body  metabolism.     It  should  be 
added  finally  that  some  of  the  hippuric  acid  may  lie  derived  from 
the  process  of  pnitcin  putrcfactinn  that  occurs  in  the  large  intestine. 
The  Conjugated  Sulphates  and   the  Sulphur   Excretion.— 
The  suljihur  excretion  of  the  urine  possesses  an  importance  similar 
to  that  of  nitrogen.     Sulphur  constitutes  an  element  in  most  of  the 
proteins,  :ind  in  some  form,  therefore,  it  will  l>e  represented  in  t\vf 
end-products  of  pnjtein  metabolism.     The  sulphur  elimination  in 
the  urine,  like  the  nitrogen  elinunation,  hiis  lieen  taken  jis  a  roeamse 
of  the  amount  of  protein  destruction.     In  the  urine  the  sulphtir 
occurs  in  three  forms:    (I)  lu  an  oxidized  form  as  inorganic  mi- 
;'    "         Some  of  the  siilpVialcs  are  undoubtedly  derived  or  may  le 
from  the  minerix\  %\\\\A\u.\«a  ingested  with  the  ftxHl,  but  iht 
>  r  ,  I  rises  fnim  V2\»e  ox\Aal\«m  ol  the  sulphur  of  the  proteinic 
riic  .M>-i ailed  coiijvv      oA/t'^^'^  tVV\ereal  sulphate**  are  lomUnjOioa* 
sulphuric  acit^v!^  x\^  w^o'^^V  ft\i&U)xy\,  phenol,  and  cnaA, 
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terial  putrofaction.  Thoy  are  eliminated  in  part  in  the  feces,  but 
in  part  are  absoriied  into  the  blood,  and  after  oxidation  are 
conjugated  with  sulphtiric  acid  and  eliniiniitetl  in  the  virine.  The 
process  of  conjugation  is  valuaijle  from  a  physiological  standpoint, 
as  it  converts  substances  ha\ang  an  injurious  action  into  harmless 
compoimds.  It  should  be  added,  abn,  that  to  a  sniall  extent  the 
phenol,  indoxyl,  and  skatoxy]  may  be  secretetl  in  the  urine  as  con- 
jugatetl  glueuronates, — that  is,  in  coinhination  with  glyciironic  acid 
(GjHjpO^),  a  reducing  substance  closely  connected  with  dextrose. 
From  a  nutritional  standpoint  the  amount  of  these  substances  pres- 
ent furnishes  a  measure  of  the  extent  of  protein  putrefaction  in  the 
intestine,  by  virtue  of  the  indol  and  phenol  constituents.  All  con- 
ditioas  that  increase  the  putrefactive  processes  in  the  intestine 
are  accomi)anietl  by  a  parallel  increase  in  the  ethereal  sulphates. 
By  virtue  of  the  sulphuric  acid  component  theee  bodies  represent 
also  one  of  the  forms  in  which  sul[>iiur  is  excreted  frcfm  the 
body.  (3)  Some  of  the  sul]>!uir  in  the  urine  may  occur  in  unoxid- 
izetl  form  as  Bulphoc\'anid  or  jis  ethyl-sulphide  (Abel)  ([CjHJ^). 
Under  certain  pathological  conditions  (cystinuria)  some  sulphur  may 
be  excreted  in  the  form  of  cystin,  but  this  is  not  a  normal  con- 
stituent of  the  urine.  For  other  most  intcrt^titig  and  significant 
changes  in  the  composition  of  the  urine  under  pathological  condi- 
tions reference  must  be  made  to  special  works  upon  the  urine  or 
upon  pathological  chemist r>'. 

Water  and  Inorganic  Salts. — Water  is  lost  from  the  body 
through  three  main  channels, — namely,  the  lungs,  the  skin,  and 
the  kidney,  the  la.st  of  these  being  the  most  important.  The  quan- 
tit>'  of  water  lost  through  the  lungB  probably  varies  within  amall 
limits  only.  The  quantity  lost  through  the  sweat  varies,  of  course, 
with  the  t/emperaturc.  with  exercise,  etc.,  and  it  may  be  said  that 
the  amounts  of  water  secreted  through  kidney  and  skin  stand  in 
something  of  an  inverse  projxirtion  to  each  other;  that  is,  the  gre^ater 
the  quantity  lost  through  the  skin,  the  less  will  be  secreted  by  the 
kidneys.  Through  these  three  organs,  but  nmin]_\-  through  the 
kidne>'s,  the  blood  is  being  continually  depleted  of  water,  and  the 
loss  must  be  made  uj^  by  the  ingestion  of  new  water.  When  water 
is  swallowed  in  excess  the  superfluous  amount  is  rapidly  eliminated 
through  the  kidneys.  The  amount  of  water  secreted  may  be  in- 
creased by  the  action  of  diuretics,  such  as  potassiuiu  nitrate  and 
c&Sein. 

The  inorganic  salts  of  urine  consist  chiefly  of  the  chlorids,  phos- 
phates, and  sulptiates  of  the  alkalies  and  the  alkaline  earths.  It 
may  be  said,  in  general,  that  they  arise  partlj-  from  the  salts  ingested 
with  the  food,  and  are  eliminsited  from  the  blood  by  the  kidney 
in  the  water  secretion;  and  in  part  they  are  formed  in  the  destruc- 
tive metabolism  that  takes  place  in  the  body,  particularly  that 
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involving  the  proteins  arnl  relivtrd  bcidios.  Sodium  chlorid  occurs 
in  the  largest  quantities,  averaging  about  15  gms.  per  day,  of 
wfiich  the  larger  part.  (loul>tless,  is  derived  directly  from  the  salt 
taken  in  the  food.  The  phosphates  occur  in  <."oml)ination  with  cal- 
cium anil  masnesivim.  but  chieHy  as  the  acid  phosphates  of  sodium 
or  potjissium.  The  acid  reaction  of  the  urine  is  usually  attributed 
to  these  latter  substances.  The  phosphates  result  in  part  from  the 
destruction  of  phosphorus-containing  tissues  in  the  body,  but 
chieflj'  from  the  phosphates  of  the  food.  The  sulphates  of  urine 
are  found  partly  in  an  oxidized  form  as  simple  sulphates  or  coo- 
jugatetl  with  organic  compounds,  as  descrilx^d  alx>ve. 

Micturition.  -The  urine  is  secreted  continuou.sly  by  the  kid- 
neys, is  carried  to  the  bladder  through  the  in-eters.  and  Is  then  at 
intervals  finally  ejected  from  the  bladder  through  the  urethra  by 
the  act  of  micturition. 

^Movements  of  the  rrrtcrs.— The  ureters  possess  a  muscuUir  coat 
consisting  of  an  inlenial  longitudinal  and  external  cirndar  layer. 
The  contractions  of  this  muscular  coat  form  the  means  by  which 
the  tirine  is  driven  from  the  pelvis  of  the  kidney  into  the  bladder. 
The  movements  of  the  ureter  have  been  carefully  studied  by  Engci)* 
marm.*  Acconling  to  his  description,  the  musculature  of  the  upcler 
contracts  sf)ontaneoualy  at  intervals  of  ten  to  twenty  seconils  (rab- 
bit), the  contraction  beginning  at  the  kidney  and  progrBOBing 
toward  the  bladder  in  the  form  of  a  peristaltic  wa\'e  and  with  a 
velocity  of  about  20  to  30  mms.  per  second.  The  result  of  this 
movement  should  be  the  forcing  of  the  urine  into  the  bladder  in  a 
series  of  gentle,  rhythmical  spurts,  and  this  method  of  filling  Uw 
bladder  has  been  obserN'ed  in  the  human  being.  Suter  and  \Ia>'ert 
report  some  observations  upon  a  boy  in  whom  there  was  veUxpm 
of  the  bladder,  with  exfiosure  of  the  orifices  of  the  ureten.  ThB 
flow  into  the  bladder  was  intennittent  and  was  about  et^tial  upon  Um 
two  sides  for  the  time  the  child  was  under  obeervation  rthrre  and 
a  iialf  days). 

The  causation  of  the  contractions  of  the  ureter  v.   ■■■'  ■ 
not  eaaily  explained.    Engelmann  tinds  that  artifinai  -;..;.  il. 
of  the  ureter  or  of  a  piece  of  the  ureter  may  start  pt*rLstaltic 
tractions  which  move  in  both  directions  from  the  point  stimi 
He  was  noi  able  to  find  ganglion  cells  in  the  upper  two-thirds  of 
ureter  and  was  led  to  l)elieve,  therefore,  that  the  contnctioo 
inates  in  the  muscular  tissue  indci)endently  of  extrinsic  or  intiiMit 
ner^'es,  and  that  the  contnwtion  wave  propagates  itself  dirsctJy 
from  muscle  cell  to  invis4'\<*  t'<?U,  iho  entire  musculatxire  beiiavinf 

•  "  l'flU|ft?r'»  Ar<4iiv  f.  j([y.  |;i«anunlc  Vh; 
•re  also  Lmciw,  ■•.\ini»ricaft  journal  o<  PV" 
t  "  .\Trhiv  f.  rxjHT.  Pikthot^^C**  *''*^ 


as  though  it  were  a  single,  colossal,  hollow  muscle  fiber.  The  liber- 
ation of  the  stirmilus  which  inaugurates  the  nomml  peristalsis 
of  the  ureter  seems  to  he  connected  with  the  accumulation  of  urine 
in  its  upper  or  kidney  portion.  It  may  be  supposetl  that  the  urine 
that  collects  at  this  point  as  it  flows  from  the  kidney'  .stimulates 
the  muscular  tissue  to  contraction,  either  by  its  pre.ssure  or  hi  some 
other  way.  and  thus  leatis  to  an  orderly  sequence  of  contraction 
waves.  It  is  possible,  however,  that  the  muscle  of  the  ureter,  like  that 
of  the  heart,  is  spontaneously  contractile  \mder  normal  conditions, 
and  does  not  depend  upon  the  stimulation  of  the  urine.  Thus, 
according  tJO  Engelmann,  section  of  the  ureter  near  the  kidney  does 
not  materially  affect  the  nature  of  the  contractions  of  the  stump 
attached  to  the  kidney,  although  in  this  case  the  pressure  of  the 
urine  could  scarcely  act  as  a  stimulus.  Moreover,  in  the  case  of 
the  rat,  in  which  the  ureter  is  highly  contractile,  the  tube  may  be 
cut  into  several  pieces  and  each  piece  will  continue  to  exhibit  j>eriod- 
ical  peristaltic  contractions.  It  does  not  seem  possible  at  present 
to  decide  between  these  two  views  as  to  the  cause  of  the  contrac- 
tions. The  nature  of  the  contractions,  their  mode  of  progression, 
and  the  way  in  wliich  they  force  the  urine  through  the  ureter  seem, 
however,  to  be  clearly  established.  Efforts  to  show  a  regulaton' 
action  upon  these  movements  through  the  central  nervous  system 
have  80  far  given  negative  results. 

Movements  of  the  Bladder. — The  bladder  contains  a  muscular  coat 
of  plain  muscle  tissue,  which,  according  to  the  usual  description, 
is  arranged  so  as  to  make  an  external  longitudinal  coat  and  an 
internal  circular  or  oblique  coat.     A   thin,   longitudinal  layer  of 
muscle  tissue  lying  to  the  interior  of  the  circular  coat  is  also  de- 
scribed.   The   separation    between   the   longitudinal   and   circular 
layere  is  not  so  definite  as  in  the  case  of  the  intestine;   they  seem, 
in  fact,  to  form  a  continuous  layer,  one  {>as.sing  gradually  into  the 
other  by  a  change  in  the  direction  of  the  fibers.    At  the  cen'i.x  the     h 
circular  layer  is  strengthened,  and  has  been  supposetl  to  act  as  a     f 
sphincter  with  re^arrl  to  the  urethral  orifice — the  so-calletl  sphinc- 
ter vesicae  intemus.    An^imd  the  urethra  just  outside  the  blad- 
der  is  a  circular  layer  of  striated  muscle  that  is  frequently  desig-    ■ 
Dated  as  the  external  sphincter  or  spliincter  urethne.    The  urine 
brought  into  the  bladder  accumulates  within  its  cavity  to  a  certain 
limit.     It  is  preventetl  from  escaping  thmugh  the  urethra  at  first 
by  the  mere  elasticity  of  the  parts  at  the  urethral  orifice,  aide<l  per-    ^ 
hape  by  tonic  contraction  of  the  intenml  sphincter,  although  this    ■ 
function  of  the  circular  layer  is  disputed  by  some  obser\'ers.     When 
the  accumuktion  becomes  greater  the  external  sphincter  is  brought 
into  action.     If  the  desire  to  urinate  is  strong  the  external  spliincter 
seems  undoubtediv  to  l>e  controlled  bv  voluntan'  effort,  but  whether 
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or  not,  in  modeiate  fiUing  of  the  bladder,  it  is  brought  into  play 
by  an  involimtan,'  reflex  is  not  definitely  determined.  Backflow 
of  urine  from  the  liladder  into  the  tuT?ters  is  effectually  preventd 
by  the  oblique  course  of  the  ureters  through  the  wall  of  the  blad- 
der. Owing  to  this  ciiviunstance,  |>ressure  withui  the  bbdder 
serves  to  close  the  mouths  of  the  ureters,  and,  indeed,  the  morp 
fonipletely,  the  higher  the  pre-ssure.  At  some  point  in  tlie  filling 
of  the  bladder  the  pressxu^  is  sufficient  to  arouse  a  conscious  swi- 
sation  of  fullness  and  a  desire  t«  micturate.  Under  normal  condi- 
tions the  act  of  micturition  follows.  It  consists  essentially  iii  a 
strong  contraction  of  the  bladder,  with  a  simultaneous  reiaxation 
tif  the  extomai  sphincter,  if  tliis  timscle  is  in  action,  the  effect  of 
w'hich  is  to  obliterate  more  or  less  completely  the  ca\ity  of  the  bUd- 
der  and  drive  the  urine  out  through  the  urethra. 

The  force  of  this  contraction  is  considerable,  as  is  evidenced  by 
the  height  to  which  the  urine  may  spurt  from  the  end  of  the  urethra. 
Acroniing  to  Mosso,  the  contraction  may  support,  in  the  dog,  a 
column  of  liquid  two  meters  high.  The  contractions  of  the  blad- 
der ma\'  be  and  usually  are  assi.''ted  by  contractions  of  the  w-alfe 
of  the  abdomen,  especially  towanl  the  end  of  the  act.  As  in  defw»- 
tion  and  vomiting,  the  contraction  of  the  abdominal  muscles,  when 
the  glottis  is  clased  so  as  to  keep  the  diaphragm  fixed,  serves  twifl- 
creaee  the  pressure  in  the  abdominal  and  pelvic  cavities,  and  thun 
a.ssists  in  or  completes  the  emptying  of  the  bladder.  It  ii, 
however,  not  an  essential  i>art.  of  the  act  of  micturition.  The  Ust 
fKtrtinns  of  the  urine  escaping  into  the  urethra  are  ejected,  in  the 
male,  in  spurts  produced  by  the  rhythmical  contraction.^?  of  the 
bulliocavernosus  muscle. 

Consi<lerable  imcertainty  and  difference  of  opinion  exists  jis  to 
the  physiological  mechanism  by  which  this  series  of  muscular  con- 
tractions, and  especially  the  contractions  of  the  bladder  itself,  are 
produced.  -According  to  the  fretjuently  quoted  description  given 
b\'  Goltz.*  the  series  of  events  is  as  follows:  The  distention  of  the 
bladder  by  the  urine  causes  finally  a  stimulation  of  the  senaory 
fibers  of  the  oi^an  and  produces  a  reflex  contraction  of  the  blad- 
der musculature  which  squeezes  some  urine  into  the  urethra.  Tbe 
first  drofjs,  however,  tliat  enter  the  urethra  stimulate  the  flensory 
ner\'es  there  and  give  rise  to  a  conscious  desire  to  urinate.  If  no 
obstacle  ia  presented  the  bladder  then  empties  itself,  assisted  per- 
haps by  the  contractions  of  the  alxiominal  muscles.  The  emptying 
of  the  bladder  may,  however,  be  prevented,  if  desirable,  by  a  volun- 
tary contraction  of  the  sphincter  urethne,  which  oppases  the  effect 
of  the  contraction  of  the  bladder.  If  the  bladder  is  not  too  full 
and  the  .sphincter  is  kept  in  action  for  some  time,  the  contractions 
♦  "  Archiv  i.  die  gesammte  Physiologic, "  8,  478,  1874. 
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tlie  bladder  may  cease  and  the  desire  to  micturate  pass  off.  Ac- 
cording to  this  view,  the  ^•oluntan'  control  of  the  process  is  limited 

the  action  of  the  externa!  sphincter  and  the  aJxlominal  muscles; 
the  contraction  of  the  bladder  itself  ia  purely  an  unconscious  reflex 
taking  place  through  a  lumbar  center, 

The  ex|«riment»s  of  floltz  and  others,  upon  dogs  in  which  the 
spinal  cord  was  severed  at  the  junction  of  the  himbar  and  the  tho- 
racic regions,  indicate  that  micturition  ia  essentially  a  reflex  act, 
•with  its  center  in  the  lumbar  cord,  although  the  same  obser\'er  has 
shown  that  in  dogs  whose  spinal  cord  has  been  entirely  dcstroyerl, 
■except  in  the  cervicjil  and  npjier  thoracic  region,  the  bladder  emp- 
ties itself  normally  \\ithout  the  aid  of  external  stunulation.  Mosso 
and  Pellacani*  ha\'e  made  experiments  upon  women  in  whicli  a 
catheter  was  introduced  into  the  Ijladder  and  connectetl  with  a  record- 
ing apparatus  to  measure  the  volume  of  the  bladder.  Their  ex- 
periments indicate  that  the  sensation  of  fullness  and  desire  t« 
micturate  come  from  sensoiy  stimulation,  in  the  bladder  itself, 
caused  by  the  pressure  of  the  urine.  They  point  out  that  the 
bladder  is  ver>'  sensitive  to  reflex  stimulation;  that  even,'  [isychical 
act  and  ever\'  senson,'  stimulus  is  apt  to  cause  a  contraction  or  in- 
creased tone  of  the  bladder.  The  bladiler  is  therefore  subject  to 
continual  changes  in  size  from  reflex  stimulation,  and  the  pressure 
within  it  will  depend  not  simply  on  the  fpiantity  of  urine,  liut  on 
the  condition  of  tone  of  its  muscles.  At  a  certain  pressure  the 
sensor)'  nerves  are  stiinulat^l  and  under  normal  conditions  mictu- 
rition ensues.  We  may  understand,  from  this  point  of  view,  how  it 
happens  that  we  have  sometimes  a  strong  desire  to  micturate  when 
the  !)ladder  contains  but  little  urine, — for  example,  under  emotional 
excitement.  In  such  cases  if  the  micturition  is  prevented,  probably 
by  the  action  of  the  external  sphincter,  the  bladder  may  sulj- 
aequently  relax  and  the  sensation  of  fullness  and  desire  to  micturate 
pass  away  until  the  urine  accimuilates  in  sufficient  quantity,  or  the 
pressure  is  again  raised  by  some  circumstance  which  causes  a  reflex 
contraction  of  the  bladder. 

Nenmis  Mechanism. — Accortling  to  Langley  and  Anflerson,t  the 
bladder  in  cats,  dogs,  and  rabbits  receives  motor  fibers  from  two 
sources:  (1)  From  the  lumlmr  nerve-s,  the  fil>er9  jmssing  out  in  the 
second  to  the  fifth  liunbar  nerves  and  reaching  the  bladder  through 
the  sympathetic  chain  and  the  inferior  mesenteric  ganglion  and 
the  hypogastric  nerves  and  plexus  (Fig.  287).  Stimulation  of 
these  nerves  causes  a  comparatively  feeble  contraction  of  the  blad- 
der. (2)  From  the  sacral  spinal  nerves,  the  fibers  originating 
in  the  second  and  third  sacral  spinal  nerves,  or  in  the  rabbit  in 

*  "Archives  itaitennes  de  biologic, "  1,  1882. 
t  "Journal  of  Physiology,"  19, 71, 1896. 
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the  third  and  fourth,  and  taking  their  course  through  the  «>-c.iil(>d 
nervi  erigentes  and  the  hypoga.stric  plexus.  Stimulation  of  tliwe 
nen'efi,  or  some  of  them,  causes  strong  eontraotions  of  the  blad- 
der, sufficient  to  empty  its  contents,  IJttle  evidence  was  obtained 
of  the  pn'sence  of  vasomotor  fibers.  According  to  NawTocki  and 
Skabitsfhewsky,*  the  spinal  sensory  fibers  to  the  bladder  are  found 
in  part  in  the  posterior  roots  of  the  first,  second,  thinl,  and  fourth 
sacrai  spinat  nen'es,  particularly  the  second  and  third.  When  these 
fibers  are  stimulateci  they  excite  reflexly  the  motor  fibere  to  the 
bladder  found  in  the  anterior  roots  of  the  second  and  third  sacml 
spinal  nerves.  Some  sensor>'  fibers  to  the  l>Iatlder  may  pass  by 
way  of  the  hypogastric  nerve$.  When  the  central  stump  of  one 
hypogastric  nerve  is  stimulated  it  produces,  according  to  thw 
authors,  a  reflex  effect  upon  the  motor  fibers  in  the  other  h>'po- 
gastric  nerve,  causing  a  contraction  of  the  bladder,  the  reflex  oc- 
curring through  the  inferior  mesenteric  ganglion.  This  obeen'a- 
tion  has  been  confirmed  by  several  authorities,  but  has  been  ex- 
plained by  I-angley  and  Anderson  as  a  pseudoreflex  or  axon  reflex 
(see  p.  152).  According  to  Elliot  f  the  innervation  of  the  bladder 
varies  in  the  different  mammals.  Speaking  generally,  the  fibers 
piwsing  by  way  of  the  nervi  erigentes  when  stimulated  c&u» 
contraction  of  the  bladder  (and  Lnhibition  of  the  sphincter). 
These  fibers,  therefore,  are  mainly  concerned  in  the  act  of  micturi- 
tion. The  fibers  supplietl  through  the  hyimga-stric  nerve,  on  tfie 
contrary,  cause  mainly  relaxation  of  the  bliwtder  nmsculatur?, 
and  their  stimulation,  by  inhibiting  the  toims  of  the  nmsculature, 
would  seem  to  provide  a  means  for  holding  the  urine. 

The  immediate  spinal  center  through  which  the  contractions 
of  the  bhulder  may  be  reflexly  stimulated  tvr  iidiibited  lies,  accord- 
ing to  the  experiments  of  Goltz,  in  the  lumbar  portion  of  the  cord, 
probably  between  the  second  and  fifth  lumbar  spinal  nen-es.  In 
dogs  in  which  this  portion  of  the  cord  was  isolated  by  a  crass- 
section  at  the  junction  of  the  thoracic  and  lumbar  regions,  niic- 
turition  still  ensued  when  the  blailder  was  sufficiently  full,  and  it 
could  be  called  forth  reflexly  by  sensory  stimuli,  espe<:ially  by 
slight  irritation  of  the  anal  region.  This  localization  has  l)een 
confirmed  by  others  J  but  Elliot  states  that  the  isacral  portion 
of  the  cord,  which  gives  rise  to  the  fibers  of  the  nervi  erigetitps, 
may  also  serve  as  a  reflex  center  for  the  blatlder. 

Excretory  Functions  of  the  Skin. — The  physiological  activi- 
ties of  the  skin  arc  varied.  It  forms,  in  the  first  place,  a  sensory 
surface  covering  the  body,  and  interposed,  as  it  were,  between  the 

*  "Archiv  f.  die  gesammtc  Pliysiologie, "  49,  141,  1891. 

t  Elliot,  "  JoMmal  of  Pliysiobgy,"  35,  367,  1907. 

X  8ec  Stewart, "  Xmcrican  Journal  of  Physiology, "  2,  IS2.  1899. 
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external  world  and  the  inner  mechanism.  Ner\'c  fillers  of  pressure, 
temperature,  and  pain  are  distributed  over  its  surface,  and  by  iiieana 
of  these  fibers  reflexes  of  various  kinds  are  effecte<l  whifh  keep  the 
body  adapted  to  changes  in  its  environment.  The  physioiogj'  of 
the  skin  from  this  standix>int  is  discussed  in  the  section  on  special 
senses.  Again,  the  skin  playa  a  part  of  immense  value  to  the  lx>dy 
in  regulating  the  body  temperature.  This  regulation,  which  is 
effected  by  variations  in  the  blood  supply  or  the  sweat  secretion, 
is  descril^ed  at  appropriate  places  in  the  sections  on  Nutrition  and 
Circulation.  In  the  female,  during  the  period  of  lactation,  the  main- 
mar>"  gland.s,  which  must  be  reckoned  among  the  organs  of  the 
skin,  form  an  important  secretion,  the  milk;  the  physiology  of  this 
gland  is  referred  to  in  the  section  on  Reproduction.  In  this  section 
we  are  concerned  with  the  physiolog}'  of  the  skin  from  a  different 
standpoint, — namely,  as  an  excretor\'  organ.  The  excretions  of 
the  skin  are  formed  in  the  sweat-glands  and  the  sebaceous  glands. 

Sweat. — ^I'he  sweat  or  jierspiration  is  a  secretion  of  the  sweat 
glands.  'I'hesc  latter  structures  are  found  over  the  entire  cutaneous 
surface  except  in  the  dee|)er  portions  of  the  external  auditor)-  nieatua, 
the  prepuce,  and  the  glans  penis.  They  are  particularly  abundant 
upon  the  palms  of  the  hand.s  antl  the  soles  of  the  feet.  ]*[rause  ■ 
estimates  that  their  total  numlier  for  the  whole  cutaneous  surface  ■ 
is  about  two  millions.  In  man  they  are  formed  on  the  type  of 
simple  tubular  glands;  the  terminal  ])ortion  contaias  the  secretorj' 
eells,  and  at  this  part,  the  tul>e  is  usually  coiled  to  make  a  more  or 
less  compact  knot,  Ihtis  increasing  the  extent  of  the  secreting  sur-  ■ 
face.  The  larger  ducts  have  a  thin,  muscular  coat  of  involuntar>' 
tismie  that  may  possibly  be  concerned  in  the  ejection  of  the  secre- 
tion. The  secretory  cells  in  the  terminal  ixtrtion  are  cohimnar  in 
shape,  possess  a  granular  cytoplasm,  and  are  arrange^l  in  a  single 
layer.  The  amount  of  secretion  formed  by  these  glands  varies 
greatly,  Ijeing  influenced  by  the  condition  of  the  atmosphere  as  re- 
gards temjierature  antj  moisture,  as  well  as  by  various  physical  and 
psychical  states,  such  as  exercise  and  emotions.  The  average  quan- 
tity for  twenty-four  hours  Is  said  to  van-  between  7()()  and  f)00  gms., 
although  this  amount  may  be  doubled  under  certain  conditions. 

According  to  an  interesting  paper  by  .Schierbeck,*  the  average 
quantity  of  sweat  in  twenty-four  hours  may  aniount  to  2  to  .1  liters 
in  a  person  clothed,  and  tlierefore  with  an  average  temperature 
of  32°  C.  surmundiiig  the  skin.  Thi.s  author  states  that  the  amount 
of  sweat  given  off  from  the  .skin  in  the  form  of  insensible  perspira- 
tion incrc'ises  proportionately  with  the  temperature  until  a  certain 
critical  p<tint  is  reached  (about  33°  C  in  the  person  investigated), 

*".\rchiv  f.  Physiologic,"  1893,  116;  see  also  Willebrand,  "Skandi- 
navischcB  .\rcluv  f.  Pfiirsiologie,"  13,  3.17,  ]W2. 
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when  there  is  a  marked  increase  in  the  water  eliminated,  the  in- 
crease being  simultaneous  with  the  funiiation  of  visible  sweat.  At 
the  same  time  there  is  a  siicklen  increase  in  the  C(Jj  eliniinatei^l  from 
the  skin.  It  is  possible  that  the  sudden  increase  in  CX),  is  wi  in- 
dication of  greater  metabolism  in  the  sweat  glands  in  ronnevtioD 
with  the  formation  of  visible  s^veat. 

Composition  of  the  Secniion. — The  precise  chemical  conipoatioD 
of  sweat  is  ditficult  to  determine,  owing  to  the  fact  that  as  usually 
obtained  it  is  liable  to  be  mixed  with  the  sebaceous  secretion.  Nor- 
mally it  is  a  ver>^  thin  secretion  of  low  specific  gravity  (1.004)  and 
an  alkaline  reaction,  although  when  first  secreted  the  reaction  nmy 
l»e  acid  owing  to  acbnixture  with  the  selmceous  material.  The 
larger  part  of  the  inorganic  salts  consists  i»f  sodium  chlorid.  Staal 
quantities  of  the  alkaline  sulphates  and  phosphates  are  also  pras* 
ent.  The  organic  constituents,  though  present  in  mere  tracfss,  are 
quite  varied  in  number.  Urea,  tiric  acid,  creatinin,  aromatic  oxy- 
acids,  ethereal  sulphate's  of  jjIk'HoI  and  jskatol,  serin  {oxya»unoprt>- 
pionic  arid),  and  albumin,  arc  said  to  occur  when  the  sweating  i< 
profuse,  .\rgutinsky  has  shown  that  after  the  action  uf  vapor 
baths,  anfl  a.s  the  result  of  mu.scular  work,  the  amount  of  un% 
fliminati'd  in  this  secret  ion  may  Im>  <'onsid(Tablr".  I'ndfr  patho- 
logical c-onditiousinvolvingadimimsheil  I'ltniinationof  urea  through 
the  kidneys  it  has  been  observed  that  the  anioimt  found  in  Uic 
sweat  is  markedly  increa.setl,  .so  that  crystals  of  it  nmy  l>e  de|Misited 
upon  the  skin.  I'mlcr  perfectly  nonnal  condition.s,  howi'vrr,  it 
is  ohvitMis  that  the  organic  constituents  are  of  minor  iiii|Mirtancr. 
The  main  fact  to  Ix^  consideretl  in  the  .secretion  of  sweat  i-<  iK«-  form- 
ation of  water. 

Secretory  Fibers  to  the  Sweat  Glands.— [)efinit<'  e\}>cruuentiJ 
pn>of  of  the  existence  of  sweat  nerves  was  first  obtainetl  b\"  GoHi' 
in  some  experiments  upon  st'unulation  of  the  sciatic  nen'e  in  aiU. 
In  the  cat  and  dog,  in  which  sweat  gland.s  occur  on  the  lialii  of  |J» 
feet,  the  presence  of  s\\'eat  nerves  may  be  demonstrated  with  gjtst 
ease.  Ele<trical  stinnilation  of  the  jx^ripheral  end  of  the  divided 
sciatic  nerve,  if  sufiiciently  strong,  will  cause  visible  drops  of  svtsl 
to  form  on  the  hairless  skin  of  the  ImiIIs  of  the  feet.  When  tfc» 
electrodes  are  kept  at  the  same  spot  on  the  ner\'e  anil  the  itisudtf 
tion  is  maintaineil  the  secretion  soon  ceases;  but  this  effect 
to  be  due  to  a  temporary"  injur>-  of  some  kind  to  the  vem 
at  the  point  of  .stuuulation,  and  not  to  a  genuine  fati|nie  of 
sweat  glands  or  the  sweat  fibere,  since  moving  the  electrodes  U»  * 
new  point  on  the  nerve  farther  toward  the  jx'ripher>-  calls  forth  A 
new  secretion.  The  .secretion  »» formed  is  thin  and  limpid,  jumI  \u 
a  marked  alkaline  reaction.    The  anatomical  course  of  ihi-iv  tilrr* 

•  "  AtcWiv  t.  die  «e«Mnrot«  Phy»4ologle,"  II,  71,  i87&. 
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las  been  worked  out  in  the  cat  with  great  care  hy  I^ngley.*  He 
finds  that  for  the  hind  feet  they  leave  the  spinal  cord  chieflx'  in  the 
first  and  second  lumbar  nen'es,  enter  the  sympathetic  chain,  and 
emerge  from  this  a.^  postganglionic  fibers  in  the  gray  rami  which 
pass  from  the  sixth  lumbar  to  the  second  sacral  ganglion,  but  chiefly 
in  the  seventh  lumbar  and  first  sacral,  and  then  join  the  nerves  of 
the  sciatic  plexus.  For  the  forefeet  the  fibers  leave  the  spinal  cord 
in  the  fourth  to  the  tenth  thoracic  nerves,  enter  the  sympathetic 
chain,  pass  upward  to  the  first  thoracic  ganglion,  whence  they  are 
continued  as  postganglionic  fibers  that  pass  out  of  this  ganghon  by 
the  gray  rami  conmuinicating  with  the  nerves  forming  the  brachial 
plexus.  The  action  of  the  nerve  fibers  upon  the  sweat  glands  can 
not  be  explained  as  an  Indirect  effect, — for  instance,  as  a  result  of 
a  variation  in  the  blood-flow.  Experiments  have  repeatedly  shown 
that,  in  the  cat,  stimulation  of  the  sciatic  still  calk  forth  a  secre- 
tion after  the  blood  has  been  shut  oflf  from  the  leg  by  ligation  of 
the  aortA,  or  indeed  aft^r  the  leg  has  been  amputatetl  for  as  long 
as  twenty  minutes.  So  in  human  beings  it  is  known  that  profuse 
sweating  may  often  accompany  a  paiUd  skin,  as  in  terror  or 
nausea,  while,  on  the  other  hand,  the  flusherl  skin  of  fever  Ls  char- 
acterized by  the  alisence  of  perspiration.  There  seems  to  be  no 
doubt  tliat  the  sweat  nerves  are  genuine  secretory'  fibers,  causing 
a  secretion  in  consequence  of  a  direct  action  on  the  cells  of  the  sweat 
glands.  In  accordance  with  thi.s  phj'siological  fact  histological 
work  has  den loiist rated  that  special  nerve  fibers  are  supplied  to 
the  glandular  epitlielimu,  Accoixling  to  Arnstein,  the  terminal 
fibers  form  a  small,  branching,  varicose  ending  in  contact  with  the 
epithelial  colls,  The  sweat  gland  may  be  made  to  .secrete  in  many 
ways  other  than  by  direct  artificial  excitation  of  the  sweat  fillers, — 
for  example,  by  external  heat,  dyspnea,  muscular  exercise,  strong 
emotions,  and  by  the  action  of  various  drugs,  such  as  pilocarpin, 
muscarin,  str^'chnin,  nicotin,  picmtoxin,  and  physostigmin.  In  all 
such  cases  the  effect  is  supposed  to  re.*!ult  from  an  action  on  the 
sweat  fibers,  either  directly  on  their  terminations  or  indirectly  upon 
their  cells  of  origin  in  the  central  nervous  system.  In  ordinary 
life  the  usual  cause  of  profuse  sweating  is  a  high  external  temper- 
ature or  muscular  exerci.se.  With  regard  t«  the  former  it  is  known 
that  the  high  temj>erature  does  not  excite  the  sweat  glands  im- 
mediately, but  througli  the  intervention  of  the  central  ner\'ous 
system.  If  the  nerves  going  to  a  limb  l.>e  cut,  exposure  of  that 
limb  to  a  high  temj^erature  does  not  cause  a  secretion,  showing 
that  the  temperature  change  alone  is  not  sufficient  to  excite  the 
ghind  or  its  terminal  nerve  fillers.  We  must  suppose,  thercft^ro, 
that  the  high  temperature  acts  upon  the  8en94iry  cutaneous  ner^'es, 
♦  "Journal  of  Physiology,"  12,  347,  1891. 
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posidbly  the  heat  fil>ers,  and  reflexly  stunulates  the  sweat  filwra. 
Although  external  temperature  does  not  liirectly  excit€  the  glands, 
it  should  be  stated  that  it  affects  their  irritability  either  hy  direct 
action  on  the  gland  cells  or  upon  the  tcniiiiml  ner\'e  fibers.  At  a 
gufficjently  low  temperatxire  the  cat's  paw  does  not  secrete  hi  nil, 
and  the  irritability  of  the  glands  is  increased  by  a  rise  of  temper- 
ature up  to  about  45°  C. 

Dyspnea,  muscular  exercise,  emotions,  and  many  drugs  affwt 
the  secretion,  probably  by  action  on  the  nerve  centers.  Pilocarpin, 
on  the  contrary,  is  supposed  to  .stimulate  the  endings  of  the  nene- 
fibers  in  th*'  glands,  while  atropin  has  the  opposite  effect,  com- 
pletely paralyzing  the  secretory  fibers. 

Sweat  Centers  in  the  Central  Rervous  System. — ^The  fact  that 
secretion  of  sweat  jna\'  Iw  occasioned  by  stimulation  of  afferent 
nerves  or  hy  direct  action  upon  the  central  nervous  s\-st€ni,  as  in 
the  case  of  dyspnea,  implies  the  existence  of  physiological  cent«n 
controlfing  the  secretorj'  fibers.  The  precise  location  of  the  sweat 
center  or  centers  has  not,  however,  been  satisfactorily  determined. 
Histologically  and  anatomically  the  arrangement  of  the  sweat 
fibers  resembles  that  of  the  vasoconstrictor  fibers,  and,  reaaoninj 
from  analog\',  one  might  suppose  the  existence  of  a  general  sweat 
center  in  the  medulla  comparable  to  the  vaaoconstrictor  center, 
but  positive  evidence  of  the  existence  of  such  an  arrangement  is 
lacking.  It  has  been  shown  that  when  the  medulla  is  separated 
from  the  cord  by  a  section  in  the  cervical  or  thoracic  region  the 
action  of  dyspnea,  or  of  various  sudorific  drugs  supposed  to  act  oo 
the  central  ner\'oua  system,  may  still  cause  a  secretion.  On  the 
evidence  of  results  of  this  character  it  is  assumed  that  there  are  sjMnal 
sweat  centers;  but  whether  these  are  few  in  number  or  repreaeat 
simply  the  various  nuclei  of  origin  of  the  fibers  to  different  regions 
b  not  definitely  known.  It  is  possible  that  in  addition  to  these 
spinal  centers  there  is  a  general  regulating  center  in  the  medulla. 

Sebaceous  Secretion. — The  sebaceous  glands  are  simple  of 
compound  aivef>lar  glands  found  over  the  cutaneous  surface,  usually 
in  association  with  the  hairs,  although  in  some  cases  they  occur 
separately,  as,  for  instance,  on  the  prepuce  and  glans  penis,  and 
on  the  lips.     Wlien  they  occur  with  the  hairs  the  short  duct  opens 
into  the  hair  follicle,  so  that  the  secretion  is  passed  out  upon  the 
hair  near  the  point  at  which  it  f )rojects  from  the  skin.     The  alveoli  are 
filled  with  niboidal  or  polygonal  epithelial  cells,  which  are  arranged 
in  several  layers.     Those  neareM  the  lumen  of  the  gland  are  filled 
with  fatty  material.     These  cells  are  supposed  to  be  cast  off  bodily, 
their  driritus  going  to  form  the  secretion.     New  cells  are  formed 
from  the  layer  noarcst  the  ba-scment  membrane,  and  thus  the  glands 
continue  to  produce  a  slow  but  continuous  secretion.  The  sebaceous 
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secretion,  or  aehuni,  is  an  oily,  semiliqiiid  material  that  sets,  upon 
exposure  to  the  air,  to  a  cheesy  mass,  as  is  seen  in  the  comedones 
or  pimples  which  so  frequently  occur  upon  the  skin  from  occlusion 
of  the  opening  of  the  ducts.  The  exact  composition  of  the  secretion 
is  not  known.  It  contains  fats  anil  straps,  some  cholesterin,  albu- 
minous material  (jmrt  of  which  is  a  nueleo-albumin  often  descril>ed 
as  a  casein),  remnants  of  epitiielial  cells,  and  inorganic  salts.  The 
cholesterin  occurs  in  combination  with  a  fatty  acid^  and  is  found  in 
especially  larji;e  (.|uantities  in  sheep's  wool,  from  which  it  is  extracted 
and  used  coiiiniercially  under  the  name  of  lanolin.  The  sebaceous 
secretion  from  different  places,  or  in  different  animals,  is  probably 
somewhat  variable  in  eonvposition  as  well  as  in  quantity.  The 
secretion  of  the  prepuce  is  known  as  the  smeffma  prtepiitn;  that  of 
the  external  auditor^'  meatus,  mixed  with  the  secretion  of  the  neigh- 
boring sweat  glands  or  cenmiinous  glands,  forms  the  well-known 
earwax  or  cerumen.  The  secretion  in  this  place  contains  a  reddish 
pignient  of  a  Ijitterish-sweet  taste,  the  composition  of  %vhich  has 
not  l)een  investigatetl.  Upcjn  the  skin  of  the  newly  boni  the  se- 
baceous material  is  accumidated  to  form  the  vernix  atseosa.  The 
well-known  uropygal  gland  of  birds  is  homologous  with  the  mam- 
malian sebaceous  glands,  and  its  secretion  lias  been  obtained  in 
sufficient  quantities  for  chemical  analysb.  Physiologically  it  is 
believed  that  the  sebaceous  secretion  affords  a  protection  to  the 
skin  and  hairs.  Its  oily  character  doubtless  serves  to  protect  the 
hairs  from  becoming  too  brittle,  or,  on  the  other  hand,  from  being 
too  easily  saturate]  witli  external  moisture.  In  this  way  it  prob- 
ably aids  in  making  the  hairy  coat  a  more  perfect  protection  against 
the  effect  of  external  changes  of  temperature.  Upon  the  surface  of 
the  skin,  also,  it  fonns  a  thin,  protective  layer  that  tends  to  prevent 
undue  loss  of  heat  from  evaporation  of  the  sweat  and  possibly  is 
important  in  other  ways  in  maintaining  the  physiological  integrity 
of  the  external  surface. 

Excretion  of  COj. — In  some  of  the  lower  animals — the  frog, 
for  example — the  skin  takes  an  important  part  in  the  respiratory 
exchanges,  eliminating  CX)j  and  absorljing  C>.  In  man,  and  pre- 
sumably in  the  nmnnnalia  generally,  it  has  been  ascertained  that 
changes  of  this  kintl  are  very  slight.  P-stimat«?  of  the  amount  of 
CX),  given  off  from  the  skin  of  man  during  twenty-four  hours  vary 
greatly,  but  the  amount  is  small,  about  7  to  8  gms.  in  t%venty-four 
hours,  unk^-ss  there  is  marked  sweating,  in  which  case  the  amount  ifl 
noticeably  increased. 
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The  term  "internal  secretion"  is  used  to  designate  those  secre- 
tions of  glandular  tiasues  which,  instead  of  being  carried  off  to  the 
exterior  by  a  duet,  arc  eliminated  in  the  blood  or  IjTnph.  The  idtt 
that  secretory  products  naay  be  given  off  in  tliis  way  has  long  been 
held  in  reference  to  the  ductless  glands,  such  as  the  thyroid,  pitui- 
tary body,  etc.,  the  absence  of  a  duct  auggestmg  naturally  such  n 
possibility.  The  term,  however,  seems  to  liave  l^een  employed 
first  by  Claude  Bemartl,  who  emjihasized  the  distinction  lietween 
the  onhnar\-  secretions,  or  external  secretions,  and  this  gn)up  of 
internal  secretions.  Modem  interest  in  the  latter  is  due  largely  to 
work  done  by  Browii-Scquard  (1889)  upon  testicular  ej<tract«,  work 
which  itself  was  of  doubtful  value.  This  author  was  led  to  amplify 
the  conception  of  an  internal  secretion  by  the  assumption  that  ail 
tissues  give  off  a  soraetlung  to  the  blood  which  is  characteristic, 
and  is  of  imiwjrtance  in  geneni!  nutrition.  ThLs  idea  led  in  turn  to 
a  revival  of  some  old  notions  regarding  the  treatment  of  diseases 
of  the  different  orgaas  liy  extracts  of  the  corresjwnding  tissue, 
a  therapeutical  uietbod  usually  designated  ns  opotherapy,  Broffn- 
S^fjuard's  extension  of  the  idea  of  internal  secretion  has  not  been 
justified  by  subsequent  work,  and  to-day  we  must  limit  the  t«nn 
to  tissues  that  have  a  glandular  structure.  Experience  has  shown, 
however,  that  not  only  the  ductless  glands,  but  some  at  least  of  the 
typical  glatid.s  provided  with  ducts  may  give  rise  to  internal  secre- 
tions, the  pancreas,  for  example.  In  some  of  the  ductless  glands, 
on  the  contrary,  the  existence  or  non-existence  oi  an  internal  sc<Te- 
tion  is  still  im  open  question.  The  work  done  since  1SS9  has,  how- 
ever, demonstrated  fully  that  some  of  the  ductle.ss  glands  play  « 
role  of  the  very  greatest  importance  in  general  nutriiii>n,  and  tliis 
knowledge  has  proved  useful  in  witlening  our  conception  of  the 
nutritional  relation.s  in  the  i»rganism  and  besides  has  found  a  valuable 
application  in  practical  medicine.  The  conception  that  certtiin 
glandular  organs  may  give  rise  to  chemical  products  which  on 
entering  the  circulation  influence  the  activity  of  one  or  more  other 
organs  has  recently  found  a  fruitful  application  in  the  study  of  the 
digestive  secretions.      The  gastric  and  pancreatic  secreHju   xa&j 
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tw  refpinletl  as  examples  of  internal  secretions.     Chenxieal  products 

of  this  kind  which  stimulate  the  activity  of  special  organs  Starling 

lesignates  as  hormones,*     From  this  point  uf  view  the  active 

substances  formed  in  the  thyroids,  adrenal  glands,  etc.,  may  all 

be  classified  as  specific  hormones.     Starling  suggests  that  this 

means  of  coordinating  the  activities  of  the  various  parts  of  a 

complex  organism  may  he  regardeil  Jis  the  most  primitive,  while 

the  l>ett.er- known  coordination  through  the  medium  of  a  nervous 

.system  is  of  later  development.     In  the  mammalian  lK)dy  both 

methods,  as  we  have  seen,  are  employed. 

Liver.— We  do  not  usually  regard  the  liver  as  furnishing  an 
internal  settretion.  .As  a  matter  of  fac;t,  it  does  form  two  products 
within  its  cells — glycogen  (sugar)  and  urea-  -which  are  subsetjuently 
given  off  to  the  blood  for  purposes  of  general  nutrition  or  for  elim- 
ination. The  processes  in  this  case  fall  under  the  general  defini- 
tion of  internal  secretion,  and.  in  fact,  niay  l)e  used  to  illustrate 
specifically  the  lueaning  of  this  term.  The  history  of  glycogen  and 
urea  has  been  considered. 

Internal  Secretion  of  the  Thyroid  Tissues. ^Thc  most  im- 
portant and  definite  outcome  of  the  work  on  internal  secretions  has 
been  obtained  with  the  thyroids.  Elecent  experimental  work  on 
this  organ  makes  it  necessarv  for  us  now  to  distingui.sh  between  the 
thyroid  and  the  panithyroid  tissues.  The  thyroids  profx^r  form 
two  oval  biHiies  lying  on  the  sides  of  the  trachea  at  its  junction  with 
the  larvnx.  They  have  no  tlucts,  and  are  composed  of  vesicles  of 
different  sizes,  which  are  fined  by  a  single  layer  of  culxridal  epithe- 
liuni  and  contain  in  their  interior  a  material  known  as  colloid.  A 
numljer  of  histf)logistK  have  trjiced  the  funnation  of  this  colloid  to 
the  lining  epithelial  cells,  and  have  stutwl,  moreover,  that  the  vesicles 
finally  rupture  and  di.scharge  the  colloid  into  the  surrounding  lym- 
phatic spaces.  Acctsstn-if  thtfruuh  varying  in  size  and  nujnher  may 
i>e  found  along  the  trachea  as  far  ch)wn  as  the  heart.  They  possess 
a  vesicular  structure  and  no  doubt  have  a  function  similar  tx>  that 
of  the  thyroid  Ixnly. 

The  parathffroidn  are,  according  to  most  authors,  quite  difTerent 
Btructures.  Four  of  these  hodie-s  are  usually  described,  two  on  each 
side,  and  their  position.s  \ary  somevvliat  in  different  animals  or, 
indeed,  in  different  individuals.?  In  man  the  sufx-rior  (or  internal) 
parathyroids  are  found  uptm  the  posterior  surface  of  the  thyroid, 
at  the  level  of  the  jun<"tion  of  it.><  upfXT  with  its  middle  third.  They 
may  Ije  hnln-dilcd  in  the  thjTdid  tissue.  The  inferior  (or  extremal) 
parafhyroids  lie  near  the  lower  margin  of  tin-  thyroid  on  its  poster- 

*  F'or  m'nfTii!  tliHt-uswtoii,  r.<insnU  SturliuK.  "Iti^ctit  .Ailvauf'Ps  in  the 
Physiology  (if  DiKP»)i<iri/'  Cliicii«(t.  liXXl. 

t  Thoriipwm,  "  Philoeophicu!  Traii»a.c'(ionH,  Hoy,  Soc.,"  London,  B,  201, 
[91,  1910. 
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ior  surface  aiul  in  some  cases  lower  down  on  the  sides  of  the  tracfapa. 
The  tissue  has  a  structure  ciuite  different  from  that  of  the  thy- 
roids, being  t'*tnipo8ed  of  soHd  masses  or  columns  of  epithelial 
cells  whifii  are  not  arranged  in  vesicles  and  contaLn  no  colloid. 

Extirpation  of  the  Thyroids  and  Parathyroids.— In  1856 
Schiflf  showetl  that  extirpation  of  the  thyroids  (complete  thwi* 
deett>my)  in  dogs  is  followed  usirally  hv  the  death  of  the  animal  in 
one  t^  four  weeks.  The  animal  exhibits  certain  characteristic  8\'ni()- 
tonis,  such  as  muscular  tremors,  which  may  pass  into  convulsions, 
cachexia,  emaciation,  and  a  condition  of  apathy.  This  result  wm 
confirmed  by  subsequent  observers,  but  many  exceptions  were  noted. 
Great  interest  was  shown  in  these  results,  because  on  the  3ui;gical 
side  rejMirts  were  made  .showing  that  after  complete  removal  of  the 
thyroids  in  cases  of  goiter  evii  consequences  might  ensue,  either 
acute  convulsive  attacks  or  chronic  malnutrition.  On  the  other 
hand,  it  l>ecame  known  that  atrophy  of  the  thyroitls  in  the  young 
ia  respon8i]>le  for  the  condition  of  arrested  growth  and  deficient 
mental  development  designatc<l  as  cretinism,  and  in  the  adult  the 
same  c^use  gives  rise  to  the  i)eculiar  liisease  of  myxedema,  character- 
ized bv  distressing  mental  deterioration,  an  edematous  coniiition 
of  the  skin,  loss  of  hair,  etc.  Schiff  and  others  found  that  the  evil 
results  of  complete  thyroidectomy  in  dogs  might  be  ob>Tated  by 
grafting  pieces  of  the  th\'roid  in  the  body,  and  this  knowledge  wm 
quickly  applied  ta  human  beings  in  cases  of  myxedema  and  crelirusm 
with  astonishingly  successful  results.  Instead  of  grafting  thyroid 
tissue  it  was  found,  in  fact,  that  injection  of  extracts  under  (lie 
skin  or  better  still  simple  feeding  of  th}Toid  material  gave  sirail»r 
favorable  results:  the  individuals  iiecovered  their  normal  appar- 
ance  and  mental  pxiwers,*  It  is  stated  that  in  cases  of  mjTcwlema 
the  patient  may  Im'  kept  in  perfect  health  by  the  a<lministrationof  at 
little  as  tMJ  to  Ii:i0  nigm.  every  three  or  four  days.  Later  Baumann 
sucttofHling  in  i.-^olating  from  the  glands  a  substance  designat*-*! »» 
imiothyriti,  which  shows  in  large  measure  the  beneficial  influence 
exerteil  by  thyroid  extracts  in  cases  of  myxedema  and  parenchy- 
matoas  goiter.  ThLs  substance  is  characterized  by  containinjj  » 
large  amount  of  imiin  (9.3  per  cent,  of  the  dry  weight).  It  i* 
contained  in  the  gland  in  conibiuation  with  protein  bcxlies,  froro 
which  it  may  l>e  separated  by  digestion  with  gastric  juice  or  by 
Iwiling  with  acids. 

The  Function  of  the  Parathyroids. — Most  of  the  results  des- 

•  Fur  u.  general  aoooiint  of  iht-  (IcvclopmciU  of  the  subject  and  the  l^t»^ 
atiuv  see  "Transjwtions  of  the  Chhritss  of  .\iuerican  Physicians  anii  Sur* 
RPtjna"  (Howell,  Chitlcmien,  ;\d!iriii.  Pulrmm,  Kinnicutl.  Osier),  1S97;  Jcan- 
ddixc,  "  ItLsuffiiiuncc  Itiyroidlcnnc  ct  pamthyroidipnne,"  Nancy,  190*2;  Vincent, 
"Internal  ,Scorotiona,'  etc.,  Ijincct,  Aug.  11  and  IS,  1906.  Biedl,  "Innetf 
Sekrelion,"  HerVvu.  WAU. 

t  "  Zeilachriil  i  \»Yivavo\o4.  C\i«u«,"  1\,%Vi,  imA  ^av,  \«aft. 
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cribed  above  were  obtained  before  the  existenee  of  the  parathy- 
roids was  recognized.  Early  in  the  history  of  the  subjeet  it  was 
recognized  that  complete  removal  of  the  thyroids  proper  in  herbiv- 
orous animaLs  (rats,  rabbits)  is  not  attended  by  a  fatal  result. 
Gley  and  others,  however,  proveil  that  if  the  parathyroids  also  are 
removed  these  animals  die  with  the  symptoms  described  in  the 
case  of  dogs,  cats,  and  other  carnivorous  animals.  This  result 
attTacte<i  attention  to  the  parathymids.  Numerous  experiments 
by  Moussu,  Gley,  V'assale  iind  Geriernle,  and  others  hfive  seemed 
to  show  a  marked  differenec  between  the  results  of  thyroi- 
dectomy and  parathyroidectomy.  When  the  parathyroids  alone  are 
removed  the  animal  dies  quickly  with  acute  symptoms,  muscular 
convulsions  (tetany),  etc.;  when  the  thyroids  alone  are  removed 
the  animal  may  sunive  for  a  long  period,  but  develops  a  condition 
of  chronic  nialnutrition, — a  slowly  increasing  cachexia  which  may 
exhibit  itself  in  a  condition  resembling  myxedema  in  man.  This 
distinction  has  been  generally  accepted,  and  it  throws  much  light 
upon  the  discrepancy  in  the  results  obtained  by  some  r>f  the  earlier 
observers.  Complete  thyroidectomy  with  the  acutely  fatal  residts 
usually  described  includes  those  cases  in  which  both  thyroids  and 
parathyroids  were  removed,  while  probably  many  of  the  apparently 
negative  result*  obtained  after  excision  of  the  thyroids  are  expli- 
cable on  the  s)i[>posit.ion  that  one  or  more  of  the  parathyroids  were 
left  in  the  animal.  It  should  be  stated,  however,  that  two  recent 
observers,  Vincent  and  Jolly,  tvs  the  result  of  niunerctus  experi- 
ments made  upon  different  varieties  of  animals,  throw  some  doubt 
upon  these  conclusions.  They  contend  that  in  herbivomus  animals 
fully  half  of  thttse  operated  upon  survive  complete  remtnal  of  all 
thyroiil  tisstie,  showing  no  evil  symptoms  excejit  yxrhaps  a  di- 
minished resistance  to  infection.  C-arnivorous  animals,  on  the  con- 
trary. u.<«ually  die  after  such  an  operation.*  In  spite  of  such  con- 
tradictory results  in  the  hands  of  some  observers  the  general  opinifm 
prevails  that  complete  removal  of  the  parathyroids  is  followed  by 
acutely  toxic  results  which  develop  rapidly,  and  the  most  common 
symptom  of  which  is  nmscular  tetany.  This  tetany  exhibits 
it.«*4f  as  fibriliar  contractions  of  the  muscles,  a  general  nmscular 
tremor,  tonic  and  I'lonic  spa.s!us  of  the  muscles  or  '*  intention 
spasms,"  that  is,  spasnu_Mlic  or  uncxVirdinated  contractions  follow- 
ing upon  an  effort  to  ntake  a  voluntary  movement,  f  As  is  well 
known,  similar  symptoms  are  often  observed  under  other  condi- 
tions, infantile  tetany.  gastro-inte,stinal  tetany,  etc.,  ancl  it  has 
iKH-n  suggcstetl  that  in  all  such  cjlscs  the  initial  tlifticulty  may 
consist  in  thr^  insufficiency  of  jwtive  parathyroid  tis,sue.     Several 

•  See  also  Hi*l]H'niiy  in  "Siirnery,  (lyuc-coloKV.  aiuJ  Oksiclrit-s,"  May.  1010. 
t  Fur  lilfnituro  amJ  Summttn,',  .s<^  liinR.  "Zi-ntnilhlaf t   f.  d.  Physiol,  u. 
Pathol,  tl.  .Stoffwechspls,"  IWW,  N'w.  I  and  2;  :vls«i  KiM\,  Inc.  rit. 
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observers  have  reixirtecl  that  injections  of  extract  of  the  parathy- 
roids causfi  tlie  tetany  to  disap|>ear  without,  however,  protecting 
the  animal  from  a  fata!  outcome,  but  the  most  strikiDf;  results 
have  been  obtained  by  Mat:aMum  and  Vcx-^^tlin.  *  These  observere 
find  that  injei'tion  or  ingestion  of  solutions  of  ealeiuni  salts  retuovB 
completely  the  symptoms  of  tetany  and  restores  the  animal  to 
an  apparently  normal  condition.  They  have  obtained  siniL'ar 
results  upon  human  beings  suffering  from  tetany  as  a  result  of 
unintentional  removal  of  the  parathyroids.  The  experimental 
evidence  in  the  case  of  the  parathyroiiis  tends  to  support  tbe 
view  that  their  function  consists  in  neutralizing  in  some  way 
toxic  substances  formerl  elsewhere  in  the  body,  and  that,  thereft>re, 
after  removal  ttf  these  glands  death  occurs  from  the  accumulation 
of  such  toxic  bodies  in  the  blood  and  tissues.  Thus  Macallum 
states  that  in  animals  in  which  tetany  has  developed  as  a  cuax- 
quence  of  extirpation  of  the  parathyroids,  bleeding  and  infusion 
of  salt  sivlution  fauses  the  tetany  to  di-sappear.  The  results 
quoted  above  in  regard  to  the  therapeutic  value  of  calcium  salt« 
would  seem,  moreover,  to  connect  the  parathyroid  function  wilb 
the  calcium  metaboli.sm  and  to  relate  the  development  of  toxic 
substances  with  an  insufficiency  nf  calcium,  but  at  present  n<i 
precise  statement  can  be  ma<le  in  regar<l  to  the  way  in  •which 
these  bodies  perform  their  very  impurtatit  function.  The  view 
that  the  parathyroids  are  simjxly  immature  thyroid  tissue  is  still 
supported  by  some  observers,  behig  ba.sed  chiefiy  on  the  hlv 
tological  assertion  that  after  removal  of  the  thyroids  the  para- 
thynijds  may  hvfjertniphy  and  show  thyroid  cysts  containing 
colloidal  material.  Most  observers,  however,  take  the  view 
outlined  above,  that  the  parathyroids  have  a  functional  signifi- 
cance essentially  difTeretit  from  that  of  the  thyroids,  and  that  the 
parathyroids  its  they  exist  in  the  body  are  not  simply  undevelofted 
or  immature  thyroid  tissue.  At  the  sjime  time  it  is  becoming 
generally  recognizetl  tli;it  different  as  the  functions  of  these  two 
tissue.^  may  be,  they  are  in  some  way  correlated,  and  that  the 
removal  of  one  of  them  influences  the  activity  of  the  other. 

The  Function  of  the  Thyroid. — According  to  the  opinion 
uf  most  writers  on  the  subject,  removal  t>f  the  thyroid  alone, 
leaving,  at  leaat,  the  external  parathyroids  uninjured,  is  followtid 
by  the  development  of  a  state  of  chronic  malnutrition  which 
expresses  itself  frnallN"  in  a  corulition  o(  cachexia.  Following  » 
tcrmiuolog\-  .sometimes  used  in  medical  literature,  this  cachectic 
nmdition  nuiy  be  designated  ;is  "cachexia  thvTeopriva, "  whereju 
the  convulsive  phenomena  or  tetany,  formerly  also  descril)ed  J* 

*MHadh»tti  itnd  V'oegtiin,  "Johns  Uopkiiis  Hcwpital   Bulletin."  Mwchi 

iao8. 


a  symptom  of  loss  of  the  thyroul,  may  he  characterized  as  "tetania 
parathyreupriva."  No  adequate  explanatiuii  has  been  furnished 
of  the  influence  exercised  by  the  thyroid  on  the  nutrition  of  the 
body.  It  is  usually  assumed  that  the;  thyroid  cells  form  an  inter- 
nal secretion  which  is  containefi  jjossibly  in  the  colloid  material 
found  in  the  vehicles.  This  \'iew  assumes  that  the  thyroid  forma 
a  specific  hormone  wliich  acts  as  a  chemical  stimulus  to  other 
tissues,  particuliirly  those  of  the  reiitrjil  nervous  system.  Some 
justification  for  this  view  is  found  in  the  effect  of  feeding  thyroid 
tissue  to  normal  individuals.  There  may  be  produced  under 
these  circumstances  a  condition  which  may  be  designated  as 
hyperthyroidism,  that  is  to  say,  the  metabolism  of  the  tissues  is 
augmented  jus  is  shown  by  an  increa.se  in  the  excretion  of  nitrogen, 
carl>on  dioxid,  and  phosphoric  acid,  and  by  an  increased  con- 
suniption  of  oxygen,  the  heart-rate  is  also  accelerated,  and  other 
evidences  are  given  of  an  excitation  of  the  nervous  system.  Simi- 
lar symjitoms  are  observed  in  the  pathological  condition  known 
as  exophthalmic  goiter,  which  is  now  usually  explained  a.s  being 
tlue  to  a  hyjierthyroidism  resulting  from  an  hypertrophy  of  the 
thyroid  tis.sue.  As  was  stated  above,  Baumann  isolated  from  the 
thyroid  a  peculiar  substance,  iudothyrm,  which  is  characterized 
cheniically  by  its  large  percentage  of  iodin,  and  phyairtlogically 
by  the  fact  that  when  used  upon  pjitients  suffering  from  a  defi- 
ciency in  functional  activity  of  the  thyroid  (myxedema,  goiter)  it 
gives  the  same  benefifia!  results  aus  thyroid  tissue  it.*«lf.  In  the 
gland  this  iodothyrin  is  ennibined  with  protein  to  form  a  thyreo- 
globulin or  thy reo protein.  There  has  been  much  discussion 
regarding  the  iodin  constituent  of  the  thyroid  tissue.  Elxtensive 
observations  have  shown  that  in  some  entirely  healthy  animals 
io<lin  is  absent  or  is  jircsent  only  in  traces,  .-md  in  miiuials  in  which 
it  is  jjresent  the  amount  may  vary  greatly  with  the  character  of 
food.     Hunt  gives  the  following  table: 

Per  oent.  of  iodin. 
("hildrpn'M  tliymitl.    .  .  none. 

Maltesf  kiti  thyroid imne. 

Guinea-pig  tliyrnii I.  1)05 

Dog  thyruid. .'.  (inril 

Cat  thyniid n  OS 

Shwp  thyroid 0.170 

Beff  tlivroid.. 0.25 

liog  ttiyroid OliS 

Hmnan  (Wells) 0.236 

Human  (goitre) 0.04 

Opinions  in  regard  to  the  significance  of  the  iodin  have  varied 
from  the  view,  on  the  one  hand,  tliat  it  is  an  essential  constituent 
of  the  physiologically  active  substance  secreted  by  the  gland,  to 
the  opposite  extreme  that  it  is  an  injurious  substance  which  is. 
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bound  and  made  innocuous  by  the  thyroid  cells.  The  balance 
of  evidence  seems  to  favor  the  first  |K>iiit  of  view,*  and  at  preaeni 
we  may  conclude  that  the  iodin  in  some  way  intensifies  tlu' 
activity  of  the  internal  secretion  of  the  thyroid.  That  it  is  abso- 
lutely necessary  to  this  activity  is  reTidere<l  improbable  by  the 
fact  that  iodin-free  thyroids  appear  still  to  exercise  their  normal 
influence  upon  metabolism,  but  aduiinistration  of  iodin  in  the 
food  not  oidy  raises  the  i<^>iHn  jierrentage  in  the  gland  but  ulsci 
increases  proptjrtionately  the  physiological  activity  of  extrarta 
of  the  tissue.  Experiments  show  also  that  the  known  effects  ol 
thyroid  extracts  are  ^"eater  in  the  iodin-rich  than  in  the  iodin- 
poor  glands. 

Cyon*s  View  of  the   Function  of  the  Thyroid.— Cj'on,  in  numerou* 

piiWicatioiLs,  has  ad  vocal  »'t]i  a  (lifforcnl  viow  of  th<?  function  of  th"  »i  >-n.iiU. 
Tlie.sf  bodies  have  a  vfry  larRe  va.Mciilar  supply,  and  this  ai'tlior  » 
(!iis  arpji  wrves  as  a  vii.si;-ular  shunt  or  nnod-pat<?  to  protect  iii' 
the  rirnilntion  in  the  brain.     The  dilatation  of  the  thyroid  area  under  ^*^^' 
dittoiis  tlvat  threaten  congestion  of  the  hrain  is  effecteil  reflexly  by  me*i*-* 
of  the  hypophysis  cerebri  and  the  vagi.     For  details  of  this  mechanism   ^^ 
also  of  tlie  suppoeetl  effect  of  the  thjTojd  .secretion  on  the  irritability  of  _^"* 
centers  innervating  the  heart  and  blood-veasela  see  "  Archives  de  physiolo^i*v 
1898,  p.  618. 

Thymus. — The  physiology  of  the  thymus  gland  is  verj'  obsc  m^^ 

indeed,  practically  nothing  is  known  about  its  functions.     Its  px^^^" 
imity  to  the  thyroids  and  parathyroids  and  its  general  siniila-^*^^)' 
in  ori^n  would  indicate  that  like  them  it  may  have  some  imgr^^or- 
tant  specific  influence  upon  metabolism,  but  physiological  ex^^*ri' 
menta  so  far  have  failed  to  discover  what  thi.s  influence  is.         -^^ 
cording  to  Verdun  the  thymus  arises  from  the  endothelial  poucr^h^ 
belonging  to  the  branchial  clefts,  chiefly  from  that  of  the  ttr^»irt 
cleft.     Formerly  it  was  supposed  to  reach  its  maximal  deve^^  *'P* 
ment  at  birth  and  sukseqiiently  to  atrophy,  being  replaced  b_^'  ' 
growth  of  lymphoid  and  fatty   ti«5ues.     More  recently  doubt     ^^^ 
been  thrown  upon  this  l:)elief.     Several  observers  have  stated  t  ^** 
it  continues  to  increase  in  size  aftpr  birth  until  the  appearance?     ^^ 
puberty,  and  that  true  thymus  tissue  may  persist  throughoiut  life 
Stohr,  in  fact,  insists  that  what  has  usually  been  taken  as  lymph  ^(^ 
tissue  in  the  adult  thymus  is,  in  reality,   epithelial   or  endotheK^^ 
tissue  which  presumably  has  some  specific  function.     The  orga/i, 
in   fact,  seems  to   be   an   unusually   labile  structure.     Deficient 
nutritittn  leads  to  a  rapid  decline  in  weight.     According  to  Jonson, 
chronic    underfeeding   in    rabbits   for   a    period    of    four    weeks 
will  reduce  the  weight  to  A  of    its  normal,  and  from  this  crm- 

"  For  discun-ijon  and  iiteraturf,  consult  Hunt,  "Studies  on  Thjirml," 
"Hygicnie  Laboratory  Bulletin,"  UKH).  No.  47^  Wasfiington,  D.  C;  ttnil 
Huiil  and  Seidell,  '"Journal  of  Pharmanologj'  Jind  Experimental  Therapeutifn," 
2,  15,  1910. 
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lition  it  recovers  rapidly  upon  the  restoration  of  a  norma! 
diet.  On  the  pbysiological  side,  Aheioua  and  Billard  have  stated 
that  extirpation  of  these  glands  in  the  frog  is  followed  by 
the  death  of  the  animal,  but  later  observers  have  failed  to  eon- 
firnj  this  result  either  upon  frogs  or  mammals  except  in  the  case  of 
very  young  animals.  Removal  of  the  gland  in  j'oung  tlogs  (Bas<'h) 
is  sail!  to  cause  a  retarded  growth  of  the  bony  tissues  and  to  induce 
a  condition  resembling  rickets.  At  the  same  time  the  peripheral 
nervous  system  shows  an  increa.sed  excitaliility  as  determined  by 
the  re.sjx)n.se  of  the  nerves  to  galvanic  stimulatiim.  Somewhat 
similar  but  more  extensive  experiments  have  been  reported  by 
Klose  and  Vogt.  When  thymectomy  is  performeti  on  quite  young 
dogs  (10  days),  very  serious  consequences  result,  ending  perhaps 
in  a  conilition  of  coma  antl  dcatli.  These  results  develop  slowly: 
there  is  first  a  stage  of  increased  fat  formation  and  later  one  of 
malnutrition  or  cachexia  which  manifests  it^self  strikingly  in  an 
atrophic  and  undeveiu})ed  condition  of  the  iMmes,  although  there 
is  l>e8ides  a  general  asthenic  or  adynamic  condition  which  manifests 
itself  also  in  a  mental  deterioration.  These  results  indscat.e 
decisively  that  in  very  early  life  the  thymus  exereises  important, 
indeetl,  essential  fnnctions,  which  later,  after  the  period  of  involu-  ■ 
tion  of  the  gland  begins,  are  gratlualiy  suspenfleil  or  transferred. 
Injections  of  extract  of  the  gland  (Svehla)  cause  a  fall  of  lilood- 
pressure  antl  some  tjuickening  of  the  heart-beat.  I>ut  these  effecta 
are  not  specific.  Unlike  the  thyroid  and  parathyroid  glands,  the 
thymiLs  contains  no  iodin  (Mendel).  One  suggestion  made  regard- 
ing its  influence  is  that  there  is  some  sort  of  reciprocal  relationship 
between  it  antl  the  reprofluctive  glands.  Castration  (Henderson) 
causes  a  iwrsistent  growth  and  retarded  atrophy  of  the  thymu.s, 
while  removal  of  the  thymus  (Paton)  hastens  the  development  of 
the  testes.*  Another  hypothesis  is  the  one  advocated  by  Klose 
and  \'^ogt  in  the  work  referred  to  above,  namely,  that  the  thymus 
prevent,s  the  exce.s.<iive  accumulation  of  acid  in  the  body,  particu- 
larly phosphoric  acid  or  itj?  conifwunds,  and  that  it  exerts  this 
action  probably  by  synthesizing  these  acids  into  nucleic  acid  or 
nuclein  compounds. 

Adrenal  Bodies. — The  a<lrenal  bodies — or,  as  they  are  frequently 
calU^l  in  human  anatomy,  the  suprarenal  capsules — lielong  to  the 
group  of  ductless  glan«ls.  It  was  shown  first  by  Brown-Si'quard 
(185(i)  that  removal  of  these  bodies  is  followed  rapidly  by  death. 

•  Rcfcrcncea:  Frir<ilrhcr,  "Dio  Physiologie  der  Tbymusfiriific,"  1858: 
Verdun,  "  IX'rivi's  hriitiobiaux  chcz  Ics  vcrtohr^s,"  ISllS;  Mrndrrsun,  "Jnunuu 
of  PhvsiolofO',"  IWl,  xxxi.,  222;  Sl«hr,  "Uri(.  z.  Anat.  u.  Entwick.  Aiiatom.," 
Heftc,  1906.  xxxi..  W);  .Innsfm,  "Ardiiv  f.  mik.  Anal.,'' 73, 3W,  mW;  Baach, 
"Jahrbitch  f.  KiTiilprhcilkunilc,"  (M,  lf«m,  anrl  68,  1908;  KIobc  and  Vogt, 
"Klinik  u.  BioloRie  d.  Thymusdrlise,"  Tubingen,  1910. 
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This  result  has  been  cDnfirmf>el  hv  many  exf  Primenters,  and.vfaf 
as  the  observations  go  the  effect  of  complete  removal  is  the  same 
in  all  animals.  The  fatal  effect  is  more  rai>id  than  in  the  caa?  of 
removal  of  the  thyroids,  death  following  the  operation  usually  in 
two  to  three  days,  or,  according  to  some  accounts,  within  a  few 
hours.  The  symptoms  preceding  death  are  great  prostration,  mia- 
eular  weakness,  and  marked  diminution  in  vascular  tone.  TheBe 
symptoms  resemble  those  occurring  in  Addison's  disease  in  nian,— 
a  disease  which  clinical  evidence  has  shown  to  be  associated  with 
pathological  lesions  in  the  suprarenal  capsules.  It  has  been  ex- 
pected, therefore,  that  the  results  obtiiined  from  thyroid  treatment 
of  myxedema  might  l>e  paralleled  in  cases  of  Addison's  diBeaac  by 
the  use  of  adrenal  extracts,  but  so  far  these  exptectations  have  not 
been  completely  realized.  Oliver  *  and  Schaefer,  and,  about  the 
same  time,  Cybulski  and  Szymonowicz,|  discoveretl  that  this  organ 
forms  a  peculiar  substance  that  has  a  very  definite  physiologioJ 
action,  especially  upon  the  circulator^'  s>'stem.  They  found  tlat 
aqueous  extracts  of  the  medulla  of  the  gland  when  injected  into  ti>e 
blood  of  a  living  animal  have  a  renmrkable  influence  upon  tlie  heart 
and  blood-vessels.  If  the  vagi  are  intact,  the  adrenal  extracts  c&use 
a  very  marked  slowing  of  the  heart  beat  together»with  a  rise  of  blood- 
pressure.  When  the  inhibitory  fibers  of  the  vagus  are  thrown  out 
of  action  by  spi:tion  or  by  the  use  of  atropin  the  heart  rate  is  m- 
eelcrated,  while  the  blowl-pressure  is  increased  .sometimes  to  an 
extraordinary  extent.  These  results  are  obtained  with  very  small 
doses  of  the  extracts,  and  only  from  extra<:,ts  which  include  tbf 
medullary  sulistance  of  the  gland.  The  medullary  cells  contain 
a  ehromogen  rtubstance  (chroniaphil  or  chromaffin^  which  giv«si 
yellow  reaction  with  rlirumate.s.  The  physiological  activity  of  tie 
gland,  «j  far  a.s  the  efTects  on  the  rin-ulatory  system  are  concpiufdi 
seems  to  be  jmjportional  to  the  amount  of  chromaffin  material  in 
the  medullary  cells.  Schaefer  states  that  as  little  as  5^  mgins.  of 
the  ilrted  gland  nuiy  jiroduce  a  maximal  effect  upon  a  dog  weiglt- 
ing  10  kgms.  The  effects  produced  by  such  extracts  we  quite 
teiiiporaiy  in  charuj-ter.  In  the  ccjurse  nf  a  few  minutes  the  blood- 
pressure  returns  to  normal,  as  also  the  heart-beat,  showing  that 
tlie  substance  has  been  destroyed  in  some  way  in  the  body,  jJ" 
thouglv  wliere  or  how  this  destruction  occurs  is  not  known.  Ao 
cording  to  Schaefer,  the  kidneys  and  the  adrenals  themselves  are 
not  responsible  for  this  prompt  elimination  or  destruction  of  the 
active  substance.  Several  observei-s  have  shown  satisfuctoril)' 
that  the  Miaterial  pruducing  this  marked  eflTect  on  the  heart  and 
blood-pressure  is  present  in  perceptible  quantities  in  the  blood 

•  "  Joumal  of  PhysioloRj-,"  IS.  230,  1895. 

t  "Archiv  f.  die  gwjaitimtp  Pliytiiolope."  M,  97.  1896. 
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of  the  adronjil  vein,  so  that  there  can  he  but  littlo  doubt  tbat  it  is 
a  distinct  internal  secretion  of  the  udrenal.  Dre>"er*  liiis  ishcvwn, 
moreover,  that  the  amount  of  this  subijtanee  in  the  adrenal  blood 
is  increased,  juilfrinp  from  the  physiologicat  efferts  of  its  injeetion, 
by  stimulation  of  the  siilannhnic  nerve.  Since  tliis  result  was 
obtained  independently  of  the  amount  of  bloo<^l-How  through  the 
gland,  Dreyer  make.s  the  justifiable  its-sumptinn  tbat  the  adrenals 
possess  secretory  nerve  fibers.  More  re(*ently  it  ha.s  been  rlnimetl 
by  Schur  and  Wiesel  that  iwirenalin  is  ptfisent  in  detectable 
amounts  in  the  general  cii'culatinn  after  partial  or  complete 
nephrectomy,  in  cases  of  chronic  nephritis  and  after  prolonged 
muscular  exercise.  In  such  cases  of  excessive  secretion  the 
chromaffin  substance  in  the  gland  is  apparently  used  up,  since 
the  reaction  with  rhromates  can  no  longer  Im>  obtained. 

The  Chromaphil  Tissues. — Cells  posst\ssing  the  same  histo- 
logical characteristics  as  the  medullary  cells  of  the  adrenals  and 
giving  the  .saint-  yellow  or  brown  reaction  with  chroniates  have 
been  discovered  in  other  locations,  for  example,  within  the  ganglia 
of  the  sympathetic  an<l  in  thf  form  of  se[)arate  clumps  or  strings 
along  the  course  of  the  abdominal  aorta  below  the  level  of  the 
adrenal  glands,  f  Phy.siological  experiments  inflicate  that  extracts 
of  these  outlying  chnjinaphil  botlies  have  an  effect  on  blood- 
pressure  similar  to  that  given  by  the  medullary  cells  of  the  adrenals. 
It  has  l»een  suggested,  therefore,  that  this  material,  wherever  it 
occurs,  has  the  property  of  producing  epinephrin  or  some  similar 
substance,  and  constitutes  a  tissue  with  a  common  function, 
although  ai>parently  the  ixjrtion  of  it  which  is  enclosed  within  the 
adrenal  bodies  has  a  more  highly  developed  activity, 
I  The  Actim  Prinnplc-  -The  substance  fornKHl  by  the  medullary 
"cells  has  been  isolatetl  by  different  otjservers  in  varjing  degrees  of 
purity  and  has  been  given  different  nartics,  such  as  epinephrin, 
atlreualin,  suprarenin,  etc.J  The  credit  for  the  imjKirtant  initial 
work  in  this  series  of  investigations  belongs  to  Abe!,  while  the  final 
lation  of  the  substance  in  crystalline  form  was  acconiplished  by 
Takamine  and  independently  by  Aldrich.  The  latter  observer  de- 
tennined  also  its  empirical  formula  !us  ( 'nII,,X* ),,  and  subsequently 
other  workers  (Stolz-Dakin)  succefnied  in  demonstrating  its 
structure  as  a  methylamino-ethanol  derivative  of  tlioxyphenol, 
',Hj(<>H),CHOHCn.A'HrHs.  This  substance  has  been  con- 
structed synthetically  with  physiol(»g!<'al  properties  as  active  as 
those  exhibited  by  the  material  i.so[ate<l  directly  from  the  gland. 
Unfortunately,  there  is  no  agreement  at  present  in  regard  to  the 

•  "  Anirrran  .Journal  of  PhvKkj|r>n>-,"  2,  203.  1899. 
t  Ctmsiill   Viuwnl,  "  Procpfstiiies  Riyys\\  Sooirly."  B.  S2,  .'j02.   1910. 
I  F'nr  furlhfT  dcUiils  «>«■  Bicill,  "Inncrc   .Vkrctkm,"  also  nn  interesting. 
int  in  "Journal  of  the  American  Mcniica)  .Associution."  4.5.  910,  Iftll. 
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name  to  be  given  to  this  active  principle.     In  this  country  cpi- 
nephrin  and  adrenalin  have  both  been  used.     The  substance  iUelf 
is  a  basic,  insoluble  body,  and  fur  therapeutic  use  is  prepared  as  a 
salt,  with  hydrochloric  acid,  for  example.    It.s  chief  value  nictlii-in- 
ally  lies  in  its  property  of  causing  a  con.'^triction  of  the  blood-ves.«oLs 
and  on  this  account  it  is  used  very  frequently  as  a  henmstalir 
to  check  hemorrhage  in  minor  surgical  operations.     A.s  has  \)m\ 
stated  above,  extracts  of  the  medulla  of  tlie  p;land  or  preparations 
of   the   active   principle    when    injected    intra i.pnously  v&Uf*'  tn 
enormous  although  short-la.sting  rise  of  blood-pressure,  particu- 
larly if  the  inhibitory  action  of  the  vagus  or  the  heart  is  first  re- 
moved ljy  section  of  the  nerve-s  or  the  u(hnin!.>i.tration  of  atropin 
It  wr)uld  seem  that  in  the  intact  aninxal  this  effect  is  due  in  part  to 
a  peripheral  effect  on  the  lilootl-vessel  And  in  part  to  a  stiniulatinf 
action  on  the  vasoconstrictor  center  in  the  medulla.     As  regani? 
this  last  effect  it  may  well  be  that  it  is  a  secondary  result  due  to  the 
fact  that  the  l>lood-ves.si  l.s  in  the  medulla  are  constrictetl  and  » 
condition  of  anemia  i.s  produced.     There  is  no  question  in  regard  to 
the  faci  that  epinephrin  causes  a  contraction  of  the  mu.scles  in  the 
walls  of  the  vessels.    This  fact  can,  indeetl,  be  demonstrated  upon 
isolated  strips  of  mu.scle  taken  from  the  arteries.     Under  proper 
conditions  such  strips  show  contraction  when  immersed  in  solutions 
containing  epinephrin  even  in  excessively  dilute  solutions.    Whea 
however,  the  blocxl-vessels  of  different  regions  of  the  body  are  ex- 
amined in  this  respect  it  has  been  found  that  in  some  areas  the 
blood-vessels  are  much  less  affected  by  the  epinephrin  than  in 
others.     The  blood-ves.'^els  of  the  brain  and  lungs,  for  example, 
although  made  to  constrict  by  such  solutions,  are  obviously  inurh 
less  affected  than  those  of  the  intestines  or  skin,  while  the  coronar>' 
vessels  are  said  to  be  relaxed  instead  of  being  constricted.    Lipbt 
was  thrown  ujMjn  this  apparent  selective  action  of  epinephrin  by 
a  suggestion  first  made  by  Langley  that  the  epinephrin  stimuUta 
only  that  plain  muscle,  whether  in  the  blood-ves.sels  or  in  the  other 
visceral  organs,  which  is  innervated  liy  sjTnpathetic  autonomic 
ner\'e-fibers,  and  that  its  stimulating  effect  is  exerted  not  on  theniufr 
cle  substance  itsrif,  nor  pos.sibly  on  the  terminations  of  the  nerve- 
fibers,  but  rather  on  a  receptive  substance  in  the  muscle  at  the 
junction  of  nerve-fiber  and  muscle.     This  view  has  l>een  atiopt«l 
quite  generally  and  has  lieen  made  use  of,  as  is  explained  elsewhexf, 
in  ascertaining  whether  or  not  any  given  region,  the  brain,  for 
example,  is  provitled   with  vasomotor  nerve-fibers.     Where  the 
normal  effect  of  the  sympathetic  fibers  is  to  cause  an  inhibition  oT 
dilatation  instcatl  of  a  contraction,  as  is  the  case,  for  example,  with 
the  musculature  of  (he  stomach  antl  intestines,  there  injections  of 
epinephrin  likewise  cawae  a  &\a.\.^\.\QW,  a.  result  which  tends  to 
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confirm  the  view  that  this  substance  has  a  selective  action  upon 

[the  terminals  of  the  s>inpathetic  fibers. 

I  The  rise  of  blood-pressure  caused  by  intravenou.s  injeetiona 
of  adrenal  extracts  is  usually  quite  temporary,  although  a  re- 
newed effect  may  be  obtained  by  repetitioii  of  the  injection. 
It  is  evident,  therefore,  that  the  epinephrin  thus  introduced 
artificially  into  the  circulation  is  rendered  inactive  in  some  way, 
but  it  has  not  been  pos.-?ible  a.s  yet  to  explain  the  rapidity  with 
which  its  effect  disappears — that  it  is  not  due  to  a  destructive 
oxidation  .seems  to  be  shown  by  the  fact  that  the  bJood  of  the 
inject/ed  animal  still  shows  the  presence  of  the  epinephrin  after 
the  blood-pres.sure  has  returned  to  normal.  It  is  stated  that 
when  a  ver>'  dilute  solution  of  epinephrin  is  used  and  it  i.s  injected 
slowly  but  continuously  into  the  vein,  a  continuous  rise  of  pressure 
may  be  maintainetl.  It  will  be  noted  that  this  method  of  inject- 
ing the  material  is  an  imitation  of  what  may  be  corusidered  the 
normal  mode  by  which  the  atlrenal  gland  delivers  its  secretion  to 
the  blood. 

Tbe  Physiological  Role  of  the  Adrenals. — There  :seems  to  be 
9o  question  that  the  medullary  substance  forms  epinephrin  or 
scjrae  related  coini>ountl  which  has  a  marked  stimulating  effect 
iijion  the  tone  of  the  blood-ves.sels  and  upon  the  heart,  and  that 
this  material  pa.sses  into  the  bloiMi.     The  general  view,   there- 

ifore,  has  been  that  one  at  least  of  the  functions  of  the  adrenals  is 
the  internal  secretion  of  this  material.  It  is  a.ssumed  at  f)resent 
that  this  internal  secretion  is  essential  to  the  full  activity  of  the 
sympathetic  autonomic  nervous  sy.stem  and  that  its  failure  or 
diminution  will  be  followed  by  impainnent  of  the  functional  activ- 
ity of  the  tissues  thus  innervated.  The  tissues  whose  dependence 
on  the  secretion  seems  to  be  demonstrated  most  clearly  by  e.vperi- 
mental  work  are  the  heart  an<i  blood-vessels,  and  it  is  probable 
that  the  normal  and  essential  tonicity  of  these  organs  is  controlled 

jin  some  way  by  the  presence  of  thisintertval  secretion  in  the  blood. 
lemoval  of  the  adrenal  liodies  in  mammals  by  surgical  operation 

'is  followed  usually  by  an  astlienic  condition  of  the  heart  and  blood- 
vessels which  m&y  be  regarded  as  the  immediate  cau«*  of  <leath. 
It  is  very  evident,  however,  that  tlte  physiologic^al  significance  of 

jthe  adrenal  glands  is  not  limited  to  the  action  of  epinephrin  on 
le  mu.sculature  of  the  circulatory  organs.     Epinephrin  is  a  secre- 
of  the  medullary  portion  of  the  adrenal  gland,  a  ti.ssue  which, 
lUre  have  seen,  is  found  in  other  parts  of  the  Iwdy,  liut  there  can 
be  no  doubt  that  the  large  cortical  portion  of  the  gland  which  has 

jiiothing  to  do  directly  mth  the  formation  of  epinephrin  has  also 
)me  important  function.  These  two  portions  of  the  gland,  the 
>rtical  and  the  medullary,  occur  separately  in  the  fishes,  and  it  is 
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possible  that  even  in  the  mammal,  where  they  arc  so  closely  unitwl 
anatomically,  they  may  have  separate  functions.  The  cells  forru- 
ing  the  cortical  tissue  have  distinct  histological  characteristics, 
and  may  occur  in  structures  distinct  from  the  adrenal  IxKiies,  sii 
that  it  has  been  proposed  t-o  call  this  tissue  in  general  the  "  in/er- 
renal  tisnue  "  or  the  ''  interrenal  system,"  while  the  medullar)' 
substance  is  designated  as  the  adrejial  ityatem  or,  on  account  of 
its  color  reaction  with  the  chromates,  as  the  "  chromaffift "  or 
"  chromaphil ''  nysiem.  The  latter  tissue  produces  epinephrin 
and  it,s  [jhysiology  is  connert^tl  chii'Hy  wath  the  properties  of  lhi< 
hormone.  Wliether  or  not  the  "  interrenal  tissue  "  produces  a 
similar  internal  secretion  is  not  known  definitely,  but  much  e\i- 
tlence  ha.s  accumulated  to  show  that  it  also  is  in  .some  way  import- 
ant or  essential  to  the  body.  Several  hv'potheses  have  l>een  pro- 
l>osed  to  explain  its  specific  activity,  for  example,  that  it  oculrul- 
izea  certain  toxms  produced  in  the  body;  that  it  manufactunv 
the  lipoid  element  which  seems  to  be  essential  in  the  structure  of 
all  cells:  that  its  secretion  is  connected  with  the  processes  of 
Ijjowth  and  particularly  with  the  metabolism  of  the  sexual  organs, 
and  so  on.  It  is  certain  that  the  jihysiologj'  of  this  organ  or  of 
the  two  kinds  of  tissue  represented  in  it  j>re-sents  a  difficult  and 
intricate  problem  whicli  will  be  understood  only  as  the  result  of 
much  investigation.  One  other  relationship  of  the  adrenal 
body  may  be  mentioned  as  a  further  illastration  of  the  complex 
character  of  its  hifluence.  It  has  ln-en  shuvvn  that,  in  addition 
to  the  circulatory  results  of  the  injection  of  epinephrin.  there  may 
occur  also  a  distinct  disturbance  in  the  carbohydrate  metalx)li.^ni 
of  the  liody,  which  is  inthcated  by  the  fact  that  a  condition  of 
glycosuria  results.  This  influence  of  the  adrenals  seems  to  be  a 
part  of  the  functional  activity  of  its  metlullary  or  chroraaphil 
ti.ssue,  and  inasmuch  as  the  pancreas  (islands  of  Langerlians), 
the  thyroids,  and  the  hypophysi.s  are  also  connected  in  one  way  or 
another  with  the  intermediary  metabolism  of  the  carbohydrates  in 
the  Ixxly  it  has  been  assumed  that  there  is  an  interrelation  of  snnw' 
kind  between  the  secretions  of  these  several  glands  and  the"' 
infiuence  upon  metalmlLsm,  so  that  it  becomes  necessary  to  !«tucl) 
the  functions  of  tliese  glands  not  only  separately,  but  with  refpr- 
ence  to  one  another. 

In  the  pathologi<-al  comlition  known  as  Addison's  disease  it 
has  long  been  known  that  the  adrenal  glands  are  affected,  ustially 
from  a  tuliercular  lesion.  In  this  disease  there  are  among  other 
symptoms  great  prostration  and  an  asthenic  condition  of  tin: 
musculature  and  of  the  organs  of  circulation.  This  latter  condition 
has  been  attributed  directly  to  the  deficient  formation  of  epinephrin, 
and  attempts  have  been  made  Ui  treat  the  disease  w  ith  injections 
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ot  adrenal  extracts.  This  treatment  ha:s  not  been  successful, 
owing  possibly  to  the  fact,  stated  above,  that  the  effefts  of  such 
injections,  so  far  as  blootl-pressure  is  concerneii,  are  only  of  brief 
duration.  It  ha.s  been  hoped  that  more  surros.sful  results  may  be 
obta.ined  by  tlu-  methc)d.s  of  Kraftinp;.  As  curripij  nut  on  lower 
animals,  it  has  been  shown  that  the  organ  may  be  ^^raftwl  suecess- 
fully  and  that  the  grafts  exert  a  normal  physiologieal  activity, 
since  they  enable  the  animal  to  survive  the  otherwise  fatal  op)era- 
tion  of  excision  of  the  atlrena!  bodies.* 

Pituitary  Body  (Hypophysis). — This  body  is  usually 
described  a.s  consulting  of  two  parts — a  large  anterior  lobe  of 
distinct  glanilulur  structure  and  a  much  smaller  po-sterior  lobe 
of  nervous  origin  and  composed  chietly  of  neuroglia  cells  and 
fibers.  Embryologically  the  two  lobes  are  entirety  distinct. 
The  anterior  lobe  arises  from  an  invagination  (Hatlike's  puuch) 
f  the  buccal  ectoilerm.  \  portion  of  this  epithelium  soon 
evelops  into  a  glandular  structure  belonging  to  the  type  of  glands 
hich  fuive  no  excretory  duct  and  which  probably,  therefore,  form 
in  internal  secretion.  Ttie  jxTsterior  lobe  arises  as  sin  otitgrowth 
frnni  tlie  floor  of  the  third  ventricle  of  the  brain,  the  infundibuluni, 
hich  comes  into  contact  with  the  epithelial  pouch  forming  the 
anterior  lobe.  The  epitltelial  cells  of  the  latter  soon  slum-  a 
differentiation  into  two  parts,  one  of  wliich  gives  rise  to  the 
terior  lobe,  wliile  the  otlier  invests  t!ie  body  and  neck  of  the 
isterior  or  nervous  lobe.  To  this  latter  the  si)ecia]  name  of 
the  pars  intermedia  has  been  given.  When  fully  forme<l  the 
fKJsterior  lobe  con.sists  of  two  parts,  the  ptirs  nervosa,  composed  of 
neuroglia  cells  and  hbers  anti  ependynial  cells,  and  an  investing 
layer  of  epithelial  cells,  derived  from  the  buccal  ectoderra  and 
known  as  the  /kias  inlertnedia'^  (.see  Fig.  299).  The  cells  of  the 
pars  intermedia  may  also  penetrate  more  or  less  into  the  sub- 
stance of  the  pars  nervosa.  Howell  J  and  others  have  shown  that 
extracts  of  the  anterior  lobe  when  injected  intravenously  have 
little  or  no  physiological  effect,  while  extracts  of  the  po.stcrior 
lobe,  on  the  contrary,  cause  a  marked  rise  of  blood-pressure  and 
.slowing  of  the  heart-beat.  These  effects  resemble  in  general  th<>.se 
obtaintnl  from  adrenal  extracts,  but  iliffer  in  .snnie  details.  It 
was  subsequently  shown  by  Schafer  and  Herring§  tliat  extracts 

•  For  details  and  references  to  literature  on  thia  and  othiT  pointa  in 
internal  .lUMTCtion  oonHiiU  the?  excellent  work  by  IJitHll,  "Inaere  iScKretion," 
Berlin,  1911). 

t  St«  Herring,  "Quarterly  .lournal  of  Experimental  Physiology,"  1,  121, 
161,  1908. 

{"Journal  of  Experimenlal  Me<lirine,"  3,  245,  1898;  abo  Sehafer  and 
V^ineent,  "Journal  of  Phywiology,"  25,  S7,  1899;  and  Herring,  "Quarterly 
Journid  of  Experimental  I'hysiolojo',"  1,  261,  1908. 

<)  ScL'ifer  anr)  Herring,  "Philosophical  Transactions,  Royal  Society," 
ndon,  1906,  B.  excix.,  1. 


id  by 


G 


864 


PHYSIOLOGY   OF    DIGESTION   AND    SECRETION, 


made  from  the  po-sterior  lobe  when  injected  into  the  blood  cause 
a  dilatation  of  the  renal  vessels  and  an  internal  secretion  of 
urine.  Evidence  was  thus  obtained  that  the  posterior  lobe  fur- 
nishes an  internal  secretion  which  has  a  specific  effect  upoDthe 
organs  of  circulat  ian  and  ujKm  the  ki<lneys.  In  addition,  it  has 
been  shown  that  these  extracts  cause  dilatation  of  the  pupils  and 
stimulate  the  musculature  of  the  bladder,  uterus,  and  intestines. 
Further  work  by  Herring*  has  made  it  very  probable  that  this 
internal  secretion  is  furnished  by  the  epithelial  cells  of  the  piiR 
intermedia.     These   cells   apparently   invade   the   pars  ner\'08a, 


FiR.  29*. — Me^itnl  MiKJttal  itection  tlirauKh  d•'^  >  niiiiiilrtttj 

(filth  monlh/.     Drawinu  from  a  ptiotuitrnph. — (li^i   .:  i-  ■  •]  i  ,  .*>.  tontu*- 

like  procewt  of  cpiiltplimii  ;  f.  t him  vent rn-le  ;  </.  untfiior  U.lx- ;  r  jjcck  uf  po-icnor  Ww; 
f,  opithelimn  surrounding  neck  ;   o,  ejiitlirlial  cleft  ;   A.  p<Mt«rior  jdbe. 

underRo  a  hyaline  transfonnation,  and  are  finally  discharged  into 
the  third  ventricle  of  the  brain.  The  active  material  (pituitin) 
is  formetl  or  activated  during  the  process  of  transformation  in  the 
nervous  lobe  and  it  has  Iwen  possible  to  prove  its  presence  in  the 
cerebrospinal  liquid,  f  There  is  some  evidence  also  from  histo- 
logical appearances  that  this  secretion  is  augmented  aft^r  completr 
thyroidectomy,  a  fact  which  has  led  tn  the  view  that  there  is  » 
functional  relationship  between  this  lobe  of  the  pituitary  body  and 
the  thyroid  tissue.  Physiological  experiments^  upon  the  large 
glandular  anterior  Iol)e  have  given  quite  different  results.     In- 

•  HerrinK,  loc.  ril.,  and  1.  281.  19as. 

t  CtwhinR  and  Goelach,  "  Xmencaa  Journal  of  Physiology,"  27,  60,  lOlO. 
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jections  of  extracts  of  the  antprior  lobe  have  given  negative  results 
so  far  as  an  immediate  effect  on  the  animal  is  concerned;  but  a 
study  of  its  relations  under  pathological  conditions  anrl  the  efTects 
of  its  excision  hy  surgical  methods  indicate  that  it  also  plays  a 
most  important  part  in  the  metabolism  of  the  body.  On  the 
pathological  side,  tumors  or  hypertrophies  of  the  pituitary  have 
been  associated  witli  the  conditions  known  as  acromegaly  and 
gigantism.  The  former  term  appiie-s  to  cxses  of  disturbed  nutri- 
tion in  which  there  is  abnormal  growth,  shown  especially  in  the 
enlargement  of  the  bones  of  the  face  and  the  extremities,  while 
gigantism  includes  less  distinctly  pathological  cases  of  overgrowth, 
particularly  of  the  skeleton.  That  this  abnormal  nutrition  is 
connected  yyiih  a  disturbance  (hypertro|>hy)  of  the  pituitary  .seems 
most  probable.  It  is  assumed  in  these  cases  that  it  is  the  anterior 
lobe  which  is  involved,  and  that,  therefore,  normally  it  controls 
in  some  way  skeletal  growth.  A  numi>er  of  observers  have  at- 
rempted  to  remove  all  or  a  portion  of  the  pituitary  body,  and  in  this 
way  to  arrive  at  a  conception  of  its  physiological  importance. 
Paulesco*  ha-s  obtained  decisive  results  by  this  nn-thud.  C'oinplete 
removal  of  the  gland  was  followed  by  ileath  in  a  short  time,  twenty- 
four  hours  on  the  average.  As  between  the  anterior  and  the  pos- 
terior lobes  hi.s  experiments  indicate  that  the  quickly  fatal  result  is 
due  t<j  the  loss  of  the  former.  Ablation  of  the  nt-rvous  lobc'  caused 
no  immediate  evil  effect.  In  this  country  the  work  of  Paulesco 
has  been  confirmed  by  Cashing  and  his  co-workers,  |  so  far,  at  least, 
as  the  fatal  result  of  a  total  hyirophysectoniy  is  coneernetl.  Their 
animals  soon  after  the  operation  exhibited  a  condition  of  lethargy 
which  passed  rapidly  into  a  coma  that  ended  in  death,  but  the 
fatal  result  did  not  develop  so  quickly  as  in  the  experiments  of 
Paulesco.  Like  Paulesco,  these  observers  find  that  the  quickly 
fatal  result  follows  only  after  complete  loss  of  the  anterior  lobe. 
With  regard  to  the  posterior  lobe  (pars  nervosa  anil  pars  inter- 
media) numerous  experiments  by  Gushing  {  and  his  co-workers 
indicate  that  partial  or  complete  ablation  of  this  portion  of  the 
gland  is  followed  by  distinctive  effects  upon  the  animal's  metab- 
olism. The  most  .striking  effect  is  a  marked  increase  in  the  tol- 
erance shown  by  the  animal  toward  carbohydrate  foods — that  is 
to  say,  a  much  larger  amount  of  carbohydrate  food  may  be  in- 
gested without  the  flevelopment  of  a  condition  of  "  alimentary 
glycosuria."  On  the  other  hand,  intravenous  or  subcutanetms 
injections  of  extracts  ttf  the  posterior  lobe  lower  the   tolerance 

•  Paulosoo,  '"Journal  de  Phy!<ioloKi<'  et  di-  Path,  g^'nfralp."  p.  441,  1907. 

t  Reford  and  CiwhiiiR,  "John.s  Hopkins  Hospital  BuUrlin,"  A]>ril,  1909; 
and  Crowe,  Ciwhinjt,  and  HnmanH,  ihifl.,  May,  IfllO. 

t  Goetflch,  Cui<hiitg,  and  Jacobson,  "  Bulletin  of  the  Johna  Uopkina  Hos- 
piUl,"  June  1,  l«ll. 
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toward  carbohydrate  food,  and  may  even  cause  a  distinct  glytxh 
suria.  They  attribute  this  action  upon  the  carbohydrate  metab" 
olism  to  the  secretion  of  the  posterior  lobe  (pars  intermedia). 
This  secretion,  aw  is  stated  above,  normally  enters  the  cerebro- 
spinal liquid,  and  thence  finds  its  way  to  the  circulation.  H\'pe^ 
secretion,  or  a  condition  of  functional  hyperplasia,  leads  to  a  dimin- 
ished tolerance  for  carbohydrate  food  and  possibly  to  a  condition 
of  glycosuria.  On  the  other  hand,  a  hyposecretion  or  a  condition 
of  functional  hypoplasia  leads  to  a  greater  tolerance  for  carbohy- 
drate foods  and  apparently  stimulates  the  processes  in  th«  body 
by  which  the  sugar  is  converted  to  fat,  since  one  of  the  result*  of 
such  a  condition  is  a  general  state  of  adiposity.  There  would  seem 
to  be  no  doul>t  from  these  observations  that  both  the  ant^riomnd 
the  posterior  lol>es  of  the  hypophysis  exert  an  important  influence 
upon  general  body-metabolism.  The  secretion  of  the  anterior 
lobe  is  connected,  for  one  thing,  with  the  processes  of  gro»1h, 
particularly  of  the  skeleton;  but,  since  its  complete  suppression  is 
attended  by  a  quickly  fatal  result,  it  is  e\ndent  that  this  statement 
does  not  express  fully  its  entire  physiological  value.  The  secretion 
of  the  posterior  lolie,  in  addition  to  its  effect  on  the  circulation  awl 
on  the  secretion  of  urine,  is  connected  in  some  way  with  carltoliv- 
drate  metabolism,  but  a  complete  explanation  of  its  role  in  this  lat- 
ter particular  is  a  difficult  matter,  whii'h  will  have  to  be  cousideml 
in  connection  with  the  effects  of  the  internal  secretions  of  other 
glands,  such  a.s  the  pam-rea-s,  the  adrenals,  and  the  thyroids. 

The  Pineal  Body  (Epiphysis  Cerebri). — This  small  body 
projects  from  the  roof  of  the  third  ventricle  and  embrj-ologically 
develops  as  an  outgrowth  from  this  vesicle  of  the  brain.  In  early 
life  it  has  a  glandular  structure  which  seems  to  reach  its  greatest 
development  at  about  the  seventh  year.  Aft<?r  this  period  and 
particularly  after  puberty  it  undergoes  a  process  of  involution 
flaring  which  the  glandular  strurture  gradually  disappears  and  iU 
place  is  taken  l)y  fibn^us  tissue.  The  gland  is  noteworthy  also  for 
the  appearance  of  calcareous  concretions,  the  so-called  brain  sand, 
which  may  appear  even  in  early  life.  Intravenous  injections  of  ex- 
tracts of  this  gland  .seem  to  cause  a  distin<*t  fall  in  blood-pressure, 
indicating  the  presence  of  a  ^.lepressor  substance.  On  the  patho- 
logical side  it  is  stated  that  in  young  children  invasion  of  the  gland 
l>y  pathological  growths  results  in  distinctive  eflfects.  Under  such 
conditions  there  is  presumably  a  diminished  activity  of  the  gland, 
and  the  results  ftbserved  are  an  accelerated  development  of  tlw 
reproductive  organs,  with  an  attending  mental  precocity  and  an 
increased  growth  of  the  skeleton.  The  inference  made,  therefore, 
from  tln^e  observations  is  that  in  the  young  child  the  gland  fur- 
nishes a  secreUon  vj\\\c\i  inv\\\b\tft  ^^cowth  and  particularly  rest&ios 
the  development  o\  t\ie  tn^'-A'^i^^"^^''^  ij^ww^. 
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Organs  of  Reproduction. — Some  of  the  enrlieFt  Mork  upon  the 
effect  of  the  internal  8e<*rctions  of  the  glands  was  done  upon  the 
reproductive  plands,  especially  the  testis,  by  Brown-Sequard*    Ac- 

rding  to  this  observer,  extracts  of  the  hvsh  testis  when  injected 

der  the  skin  or  into  the  blood  may  have  a  remarkable  influence 
upon  the  nervou.s  system.  Mental  and  physical  vipor,  and  the 
activity  of  the  spinal  centers,  are  greatly  improved,  not  only 
cases  of  general  prostration  and  neurasthenia,  but  also  in  the 
case  of  the  aged.  Brown-tJ^fjuard  maintained  that  this  general 
dynarnogenic  effect  Ls  due  tu  some  iHikiu)wn  substance  formed 
in  the  testis  and  .sstjbsequenfly  passed  into  the  lilood.  although  he 
admitted  that  some  of  the  same  substance  may  be  founil  in  the  ex- 
ternal secretion  of  the  testis — i.  e.,  the  spermatic  liquid.  Poehlf 
rta  that  he  has  prejiared  a  substance,  sjjermin,  to  which  he  gives 

e  fonnula  CsH,,Nj,,  wliich  has  a  ver)^  beneficial  effect  ufMjn  the 
metabolism  of  the  body.  He  believes  that  this  spermin  is  the  sub- 
stance that  gives  to  the  testicidar  extracts  prepared  by  Brown-S4- 
qnard  their  stimulating  effect.  He  claims  for  this  substance  an 
extraordinary  action  as  a  physiological  tonic.  ZothJ  and  also 
regel§  seem  to  have  obtaineil  exact  objective  proof,  by  means 

ergographic  records,  of  the  stimulating  action  of  the  testicular 
extracts  ui>on  the  neuromujicular  api)aratus  in  man.  They  find 
that  inje<:tions  of  the  testicular  extracts  cause  not  only  a  diminu- 
tion in  the  muscular  and  nervous  fatigue  resulting  from  muscular 
work,  but  also  lessen  the  subjective  fatigue  sensations.  The  fact 
that  the  internal  secretion  of  the  testis,  if  it  exists  at  all,  is  not  ab- 
solutely essential  t<j  the  life  of  the  body  as  a  whole,  as  in  the  ca.se 
of  the  thyroids,  adrenais,  and  pancreas,  naturally  makes  the  .satis- 
factory determination  of  its  existence  and  action  a  more  difficult 

Similar  ideas  in  general  prevail  as  to  the  possibility  uf  the  ova- 
^es  furnishing  an  internal  secretion  that  phiys  an  important  [lart 
lither  m  general  nutrition  or  in  the  specific  nutrition  t»f  the  other 
reproductive  •►rgans.  In  gynecolugical  practice  it  has  bt«u  oliservetl 
that  complete  ovariotomy  with  its  residting  j^rcmature  menopause 
is  often  followed  by  distressing  symptoms,  mental  and  ph\'si{ral. 
In  such  cases  many  observers  have  reported  that  these  s>'mptoms 
may  be  alleviated  by  the  use  of  ovarian  extracts.  MorrisH  refwrts 
a  number  of  cases  in  which,  after  complete  removal  of  the  ovaries, 
a  piece  of  ovary  from  the  same  or  a  different  jx^rson  was  grafted 

•  "Archives  dc  physioUiKie  nortnali*  ft  psitholo^dnue,"  18.S9-!>2. 
t  "Zcit^chrift  f.  klmisi-h.'  McHlinn,"  25,  V.i3,  1S94. 

i  "Pflilger'a  Arrhiv  f.  die  ncw.'immte  Pliywologio,"  62,  335,  1896;  also  69, 
886,  1897. 

i  Ilmi.,  p.  378. 

II  MorriB,  "  MedicAi  Record,"  1901,  p.  83. 
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s  «f  die  uterus  or  into  the  broa^i  ligameiit.    In  all 
persisted,  showing,  therefore,  that  tlie  presence 
■eressary  for  this  function.    A  similar  operation 
or  dysmenorrhea  brought  on  free  and  easy 
■i  an  iniprovemeiit  in  general  nutrition  and  well- 
also  reports  a  ease  in  which  the  entire  o\'ary  from 
a  tnmsplantet!  into  another  patient  upon  whom  corn- 
had  been  perfonned  two  >'eara  }>efore.    The  result 
wa."?  a  i-etum  of  mensfniation  and  sexual  desirp, 
[alleviation  of  the  disagreeable  symptoms  following  the 
menopause.     Similar  results  have  licen  reported  upon 
r  aanials.     After  complete  ovariotomy   a   condition  of 
be  reproduced    by  grafting   ovarian    tissue. f  and 
rers  agree  in  stating  that  renuival  of  the  ovaries  in 
b  prevents  the  normal  development  of  the  uterus, 
m  adttk  animals  it  causes  the  organ  to  undergo  a  tibruus 
(see  section    on    Reproduction).     In    the   natural 
as  well  us.  in   the  premature  menopause  following 
it   is  a  frequent,   though   not   invariable,   result  for 
iHUndttal  to  gain  noticeably  in  weight.     An  effect  of  the 
«Mnma  oa  feneral  nutrition  is  indicated  also  by  the  intercstlnu 
fiM^  ikit  in  ra:^s  of  osteomalacia,  a  iliaease  characterized  by 
^uAnnhiC  of  the  Ume-s,  removal  of  the  ovaries  may  exert  a  faviir- 
tmce   upon   the   course  of   the  disease.     These  indi- 
ai»'.'tv>  iia^"e  found  some  ex{>erimental  verification  in  a  resciirch 
lyy  L*«ewy  and  HichtcrJ  made  upon  dogs.    These  observers  found 
removal  of  the  ovaries,  although  at  first  apparently 
•fltot.  resulted  in  the  course  of  two  to  three  months  in  » 
lailhil  diminution  in  the  con.sumption  of  oxygen  by  the  aninul. 
per  kilogram  of  botly-wcight.     If  now  the  animal  in  thl< 
,  was  given  ovarian  extract-s  (otiphorin  tablets),  the  amount 
utWKygNl  omsuntcd  wrus  not  only  brought  to  its  former  amount, 
tHltciJftTiwfrnbly  uicreased  beyond  it.     A  similar  result  was  obtained 
«||MI  th*  extracts  were  u.sed  upon  castrated  males.     The  autho« 
I  that  their  experiments  show  that  the  ovaries  form  a  specific 
which  is  capaltle  of  increasing  tlie  oxidations  of  the  Imdy. 
bk  <akfciil)on  to  the  internal  secretion  of  the  ovaries  which  is  respoo- 
j^iMb  fw  the  phenoinenori  of  iiien.strufttion,  other  similar  secretions 
ktti%  baeo  a.ssumed  to  account  for  changes  occurring  during  the 
liM*  <rf   pregnancy.      Thus   the   implantation  of  the   fertilixcd 
\^v«MI  ill  tlie  uterine  niurous  nietiibraiie  and  the  development  of 
ilia  piacefttA  have  l>een  supposed  to  Ix;  eflfecte^l  through  the  agency 
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of  somo  chemical  stimulus  arising  in  the  cells  of  the  corpus  luti'um. 
^_  So  also  the  development  of  the  mjunmarv  glands  during  pi-egnancy 
^pi8  attributed  to  the  action  of  a  hormone  formed  in  the  tissues  of 
the  fetus  itself  (see  section  on  Reproduction). 

Pancreas. — Tlie  importance  of  the  externjii  .'serretion,  the  pan- 
^■'Creatic  juice,  of  the  pancreas  has  long  been  recoj^uized,  hut  it  was 
^not  until  1880  that  \'on  Mering  and  Minkowski*  proved  that  it  fur- 
nishes also  an  equally  iniportant  internal  secretion.     The.se  observers 
succeeded  in  extirpating  the  entire  pancreas  without  causing  the 
immediate  death  of  the  animal,  and  found  that  in  all  cases  this 
operation  was  followed  by  the  appearance  of  sugar  in  the  urine  in 
considerable  quantities.     Further  olwcrvation.s  of  their  own  and  of 
other  experimenters  have  corroLonited  this  result  and  a<ldefl  a  num- 
her  of  interesting  facts  to  our  knowlecige  of  this  side  of  the  activity 
^-  of  the  jmncreas.     It  has  been  shown  that  when  the  pancreas  is  com- 
^■pletely  removed  a  condition  of  glycosuria  inevitably  follows,  even 
^Kf  carbohydrate  foofi  is  excluded  from  the  diet.    Moreover,  as  in 
^Pthe  similar  pathological  condition  of  glycosuria  or  diabetes  mel- 
litus  in  man,  there  is  an  increase  in  the  quantity  of  urine  (polyuria) 

■and  of  urea,  and  an  abnormal  thirst  anfl  hunger.  Acetone  also  is 
present  in  the  urine.  These  symptoms  in  cases  of  complete  extir- 
pation of  the  pancreas  are  followed  by  emaciation  and  mu-scular 
weakness,  which  finally  eml  in  dejith  in  two  to  four  weeks.  If  the 
pancreas  is  incompletely  removed,  the  glycosuria  may  be  serious, 
or  alight  an*]  transient,  or  absent  altogether,  depending  upon  the 
amount  of  pancreatic  tissue  left.  According  to  the  experiments 
of  von  Mering  and  Minkowski  on  dogs,  a  residue  of  one-fourth  to 
one-fifth  of  the  gland  is  sufficient  to  prevent  the  appearance  of  sug.ir 
in  the  urine,  although  a  snialler  fragment  may  suffice  apparently 
if  its  physiological  condition  is  favorable.  The  portion  of  pancreas 
left  in  the  body  ma>'  s\iffice  to  prevent  glycosuria,  jmrtly  or  com- 
pletely, even  though  its  cormection  with  the  duodenum  is  entirely 
interrupted,  thus  indicating  that  the  supprPHsion  of  the  pancreatic 
juice  is  not  responsible  for  the  glycosuria.  The  same  fact  is  shown 
more  conclusively  by  the  following  experiments:  Cdycoauria  after 
complete  removal  of  the  pancreas  from  its  nonual  connections  may 
be  prevented  partially  or  completely  by  grafting  a  jKirtion  of  the 
pancreas  elsewhere  in  the  abdominal  cavity  or  even  under  the  skin. 
!!«o  also  the  ducts  of  the  gland  may  he  completely  occluded  by  liga- 
ture or  by  injection  of  paraffin  without  causing  a  condition  of  per- 
manent glycosuria. 
^M  On  ttie  basis  of  these  and  similar  results  it  is  believed  that  the 
^'pancreas  forms  an  internal  secretion  which  fwisses  into  the  blood 
•Minkowski,  "  Arcluv  f.  expcr.  ratliologie   u.  Phannakologip,**31,  «5, 
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and  plays  an  iiiiportaiit,  indeed,  aaessenitial  part  iii  the  metabdiam 
of  sugar  in  the  body.  Moreover,  considerable  evidence  has  been 
acctimulated  to  show  tliat  the  tissue  roncemed  in  this  importuat 
function  is  not  the  pancreatic  tissue  proper,  but  that  composing  the 
80-cailed  islands  of  Langerhans.  In  man  these  islands  are  scattereii 
through  the  pancreas,  forming  spherical  or  oval  bodies  that  nuy 
reach  a  diameter  of  as  much  as  one  millimeter.  The  cells  in  these 
bodies  are  polygonal ;  their  cytoplasm  is  pale,  finely  granular,  and 
small  in  amount.  The  nuclei  possess  a  thick  chromatin  network 
which  stains  deeply.  Eat-h  island  poeseaaes  a  rich  capillar)-  network 
that  resembles  somewhat  the  glomerulus  of  the  kidney. 

According  to  Ssbolew,*  ligation  of  the  pancreatic  duct  is  followed 
by  a  complete  atrophy  of  the  jrancreatic  cells  proper,  while  those 
of  the  islands  of  Langerhans  are  not  affected.    JSince  under  these 
conditions  no  glycosuria  occurs,  while  removal  of  the  whole  organ 
including  the  islands  ia  followed  by  pancreatic  diabetes,  the  obvioiif^ 
conclusion  is  that  the  diabetes  is  ilue  to  the  loss   of   the    islaiKb. 
This  conclusion  is  strengthened  by  reports  from  the  pathologica! 
side.     A  nunil)er  of  recent  observei-s  (Opie,  Ssbolew,  Herzog,  ti  ai.) 
find  that  in  diabetes  mellitus  in  man  the  islands  may  be  markedly 
afifected.f  They  show  signs  of  hyaline  degeneration  or  atrophy  or  in 
se^■ere  ca.ses  may  be  absent  altogether.     It  should  be  added  thai 
this  cojmertion  of  the  islands  of  Langerhans  with   the  internal 
secrotion  of  the  pancreas  is  not  accepted  by  all  WTitere.    Sev- 
eral observers  I  contend  that  the  islands  represent  a  stage  in  the 
development  of  the  ordinary  secreting  alveoli  of  the  pancreas. 
When  the  pancrea.s  i.s  subjected  to  prolonged  and  excessive  activity, 
by  the  injection  of  .swTdj'n,  for  example,  the  number  of  Islands  is 
greatly  increased,  and  the  same  result  follows  periods  of  prolonged 
inactivity,  as  in  fasting. 

Several  theories  have  been  advanced  to  explain  the  action  of 
the  internal  secretion  of  the  pancreas.  It  has  been  suggested  that 
the  secretion  contiuns  an  enzyme  which  is  necessary  for  the  hydrol- 
ysis or  o.xidation  of  the  sugar  of  the  body  and  in  the  absence  of 
this  enzyme  the  sugar  accimmlates  in  the  blood  and  is  drained  off 
through  the  kidney.  Cohnheim§  states  that,  wliile  the  juices  ex- 
pressed from  muscle  and  from  pancreas  have  little  effect  upon  sugar 
when  taken  .separately,',  yet  when  combined  they  cause  a  marked 
disappearance  (glycolysis)  of  sugar  added  to  the  mLxture.  The 
inference  from  this  result  is  that  the  pancreas  furnishes  a  substance 
which  activates  the  glycolytic  enzyme  or  enzymes  of  the  musofe 

•"Virchow's  Archiv."  168,  91,  1002. 

t  Heiberg,  '•Centralbl.  f.  gcs.  PhvHiol.  u.  Ptithul.  d.  StoffwechMd,"  No.  16, 
1910. 

I  Dale,  "Philosophical  TransactionH,"  B.  cxcvii.,  1904;  also  Vineent  and 
Thompson,  "Journal  (A  Phyavolo^,"  1906,  xxvii.,  xxxiv. 

SCohnhem,  "  Z«M\.ac\in^V  \ .  v'^^s^«'^«?.^'^««««^'  'JS.,-5J&,V»!a-,«.taQ  1904. 
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and  thus  makes  possible  the  physiological  consumption  of  sugars 
in  the  body.  Since  the  pancreas  extracts  do  not  lose  this  property 
upon  boiling  it  is  evident  that  the  activating  substance  is  not  an 
enzyme,  but  a  body  of  a  more  stable  character  (hormone).  Other 
investigators  adopt  an  entirely  different  view  of  the  relation  of 
the  pancreas  to  carbohydrate  metabolism.  They  believe  that  the 
internal  secretion  of  the  pancreas  regulates  in  some  way  the 
output  of  sugar  from  the  liver  (and  other  sugar-producing  organs). 
In  the  absence  of  this  secretion  the  liver  gives  off  its  glycogen  as 
sugar  too  rapidly,  the  sugar  contents  of  the  blood  are  thereby 
increased  (hyperglycemia)  above  normal,  and  the  excess  passes 
out  in  the  urine. 

Kidney. — Tigerstedt  and  Bergman*  state  that  a  substance 
may  be  extracted  from  the  kidneys  of  rabbits  which  when  injected 
into  the  body  of  a  living  animal  causes  a  rise  of  blood-pre^ure. 
They  get  the  same  effect  from  the  blood  of  the  renal  vein.  They 
conclude,  therefore,  that  a  substance,  for  which  they  suggest  the 
name  "  rennin,"  is  normally  secreted  by  the  kidney  into  the  renal 
blood,  and  that  this  substance  causes  a  vasoconstriction.  Other 
observers  claim  that  the  kidneys  furnish  an  important  internal 
secretion  that  affects  the  metabolism.  The  absence  of  this  secretion 
after  complete  nephrectomy  leads  to  the  production  of  uremia,  f 

•  "Skandinavisches  Archiv  f.  Physiologie,"  8,  223,  1898;  see  also  Brad- 
ford. "  Proceedings  of  the  Royal  Society,"  1892. 

fSirner,  "  Zentralblatt  f.  d.  ges.  Physiol,  u.  Path,  dea  StoflFerechsel," 
1907,  u.,  3. 
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NUTRITION  AND  HEAT  PRODUCTION  AND 
REGULATION. 


CHAPTER  XLVK. 
GENERAL  HETHODS-fflSTORY  OF  THE  PROTEIN  FOOD. 

I'nder  the  head  of  nutrition  or  general  metabolism  we  include 
usually  all  those  changes  that  occur  in  our  foodstuffs  from  the  time 
that  they  are  absorbed  from  the  alimentary  canal  until  they  are 
ehminated  in  the  excretions.  In  many  of  these  processes  the  oxygen 
aljsorbed  from  the  Ivmgs  takes  a  most  important  part,  and  the 
changes  directly  due  to  this  element,  the  physiological  oxidations 
of  the  body,  can  not  be  separated  from  the  general  metabolic  phe- 
nomena of  the  tissues,  As  was  said  in  another  place,  the  respirsloo" 
historv*  of  oxygen  ceases  after  this  element  has  reached  the  tiamies; 
its  subsequent  participation  in  the  chemical  changes  of  the  orgnn- 
iflm  forms  an  integral  part  of  the  nutritioiml  processes.  These  lalter 
processes  are  varied  and  complex  and  only  partially  underst^Kxi. 
For  the  sake  of  simplicity  in  presentation  it  is  wmvenient  to  con- 
sider separately  each  of  the  so-called  foodstuffs. — the  proteins, 
carbohydrates,  fats,  water,  and  inorganic  salts, — and  attenipW 
to  trace  its  nutritive  history  from  the  time  it  is  absorbed  into  the 
l>hxid  until  it  is  eliminatetl  front  the  body  in  the  form  of  exoret<"n' 
products.  Before  undertaking  this  description  it  is  desirable  ^ 
call  attention  to  certain  genera!  methods  and  conceptions  that 
have  been  developed  in  connection  with  this  part  of  physiolog\\ 

Nitrogen  EquUibrittm. — Aniong  our  main  foodstuffs  the  pnv 
teins  are  characterized  by  containing  nitrogen.  After  this  ma' 
teria!  is  metabolized  in  the  body  the  nitrogen  is  eliminated  in 
various  forms,  chiefly  in  the  urine,  but  to  a  smaller  extent  in 
the  feces  and  sweat.  In  the  feces,  moreover,  there  may  l>e  pres- 
ent some  umiigested  protein  which,  although  taken  with  the 
food,  has  never  really  entered  the  body.  It  is  evident  that  the 
urine,  feces  (and  sweat)  may  be  collected  during  a  given  period  and 
analyzed  to  determine  their  contents  in  nitrogen.     The  sweat  is 
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lllj-  negtected  except  in  observations  upon  oonditious  in  which 
ar  activity  has  been  a  prominent  feature.  As  a  rule,  the 
amount  of  nitrogen  is  determined  by  some  modification  of  the  Kjel- 
dah!  method.  In  principle  this  method  consists  in  heating  the 
material  to  l>e  analyzed  with  strong  .sulphuric  acid.  The  nitrogen 
is  thereby  converted  to  amnioriia.  which  is  distilled  off  and  caught 
in  a  standardized  solution  uf  sulphuric  acid.  By  titration  the 
amount  of  ammonia  can  be  determined,  and  from  this  the  amount  of 
nitrogen  is  estimated.  Nitrogen  forms  a  definite  percentage  of  tlie 
protein  molecule  (about  16  per  cent,  t ;  so  that  if  the  weight  of  nitro- 
gen is  multiplied  by  6.25  the  weight  of  protein  from  which  it  Ls  de- 
rived Ls  obtained.  If,  on  the  other  hand,  the  nitrogen  i.s  determined 
in  the  food  eaten  during  the  period  of  the  experiiucut  it  is  evident 
that  a  balance  may  l»e  struck  which  will  determine  whether  the 
body  is  receiving  or  losing  nitrogen.  If  the  balance  is  e\en  the  liody 
is  in  nitrogen  eijuilibrium — that  is,  it  is  receiving  in  the  food  as 
much  protein  nitrogen  as  it  is  metaboliKing  and  eliminating  in 
the  excreta.  If  there  is  a  plus  bahuice  in  favor  of  the  food  it  is 
evident  that  the  body  is  laying  on  or  storing  protein,  while  if 
the  balance  is  minus,  the  body  must  be  losing  protein.  During 
the  period  of  growth,  in  convalescence,  etc.,  the  body  does  store 
protein,  anrl  under  the.so  conditions  the  balance  is  in  favor  of  the 
food  nitrogen.  But  throughout  adult  life  under  normal  conditions 
our  diet  Ls  so  reg\dated  by  the  appetite  that  a  nitrogen  equililirium 
is  maintained  through  long  periods,  lender  experimental  cmidi- 
tions,  involving,  for  instance,  a  special  diet,  it  often  l>ecomes  neces- 
sary to  make  the  analyses  for  nitrogen  in  order  to  determine  whether 
or  not  the  intlividual  is  losing  or  gaining  protein  or  is  in  ecpiilibrium. 
^b  It  Ls  important  also  to  liear  in  mind  that  nitrogen  or  protein 
^^equilibrium  may  be  established  at  diflferent  levels.  If,  for  instance, 
a  man  is  in  nitrogen  efjuilibriimi  on  a  diet  containing  10  gms.  of 
nitrogen,  what  will  happen  if  the  protein  in  this  diet  is  doubled  ? 
Our  experience  teaches  us  that  the  extra  10  gms.  of  nitrogen  or 
62.5  gms.  of  protein  is  not  stored  in  the  Vmdy  indefinitely.  As  a 
matter  of  fact,  the  extra  protein  is  metalwlized  in  the  body  and 
nitrogen  equilibrium  tjecomes  established  at  a  higher  level.  Where- 
as under  the  first  condition  62..'?  gm-s.  fif  protein  were  eaten  and  62.5 
gms.  of  protein  were  lost  from  the  1x>dy,  either  in  the  form  o!  nitrog- 
enous exci-eta  or  in  the  feces  as  undigested  protein,  under  the 
second  condition  125  gms.  of  protein  are  eaten  and  125  gms.  of  pro- 
tein are  lost.  The  total  mass  of  protein  tissue  in  the  liody  may 
remain  ths  same,  or  if  any  increa-se  take.*;  place  at  the  beginning  of 
the  change  in  diet  it  soon  cea.ses.  Experimentally  it  is  found  that 
there  is  a  certain  low  limit  of  protein  which  just  suffices  to  maintain 
nitrogen  equilibrium,  and  between  this  level  and  the  capacity  of 
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the  body  to  digost  and  absorb  protein  food,  nit roRen  equilibrium 
may  be  niaintaincd  upon  any  given  amount  of  protein. 

Carbon  Equilibrium  and  Body  Equilibrium. — The  term  car- 
bon equilibrium  is  sometimes  used  to  describe  the  condition  b  which 
the  total  carbon  of  the  excreta  (in  the  carbon  dioxid,  urea,  ek.)  is 
balanced  by  the  carbon  of  the  food.  It  is  possible  that  an  individtui 
may  be  in  nitrogen  equilibrium  and  yet  be  losing  or  gaining  in 
weight,  since,  although  the  consumption  of  proteins  may  just  he 
covered  by  the  proteins  of  the  food,  the  conisuniption  of  non-prolfin 
material,  particularly  the  fats  of  the  botly.  may  be  greater  tliaii  ihi' 
supply  furnished  by  or  manufactured  from  the  food.  An  aninml 
may  lose  or  gain  in  carbon  when  his  nitrogen  supply  is  in  equilib- 
liurn.  In  ttie  same  way  under  special  circuni.stanceis  we  may 
.sjM'iik  of  a  water  ecjuilibriiun  or  a  salts  equililjrium.  although  these 
teinis  are  not  generally  used,  .^n  adult  under  normal  con(litioD» 
lives  so  as  to  niahitaui  a  general  body  equilibrium;  his  ingesla  of 
all  kinds  are  balanced  by  the  corresponding  excretions,  and  the 
individual  maintains  a  practically  constant  body-weight. 

Complete  Balance  Expert mentsr-  Respiration  Chamber.— 
According  to  the  statements  made  in  the  last  paragi-aph,  it  Ls  oh\ioii8 
that  if  the  analytical  work  is  properly  done,  an  exact  balance  may 
be  drawn  between  the  proteins,  fats,  and  carbohydrates  e^iiea  as 
food  and  the  proteins,  fats,  and  carbohydrates  destroyed  in  the 
body  as  represented  by  the  nitrogen  and  carbon  contained  in  the 
excreta.     Complete  experiments  of  tliLs  kind  were  attempted  first 
by  Voit  *  and  Pettenkofer,  to  whose  work  much  of  our  fundamental 
knowledge  is  due.     In  the  exijeriments  of  these  authors,  made  upon 
men  as  well  as  animals,  the  total  nitrogen  of  the  urine  and  feces  was 
detormtned  and  the  total  quantity  of  ("O^  given  off  from  the  lunp 
was   estimated.     This  last   tletermiuation   was  made   possible  by 
pUring  the  individual  in  a  specially  constructed  chamber  or  resfi- 
radon  apparatus.     Air  was  drawn  through  this  i-oom  by  means  of 
a  pump.     The  total  quantity  of  air  i)as.sing  through  the  room  was 
measured  by  a  gasometer  and  definite  fractions  were  drawn  off 
from  time  to  time,   wiiich  were  analyzed  for  CO,.     From  the 
figures  thus  obtained  it  was  pos-sible  to  estimate  tlie  entire  C^j 
given  oflf  during  tiie  period  of  ob-servation.     Knowing  the  total 
nitrogen  and  carbon  eliminated,  it  was  possible  to  entimate  the 
amount  *)f  protein  and  fat  or  carbohydrate  destroyed  in  the  body- 
Fro  m    the   nitrogen   the   quantity   of  protein    metabolized  wa^t 
obtiiined    by  multiijying   by  6,25,  as  explained  above.     If  then 
the  carbon  belonging  to  the  amount  of  protein  metaJjolized  wafi 
de<luctc'd  from  the  total  carbon  excreta,  what  was  left  represented 
either  fat  or  carbohydrate  burnt  in  the  body,  and,  knowing  the 
•  See  UerroanTv'*  "  V\ttt»lbucV\  idteT  PUysiologie, "  vol.  vj.,  1881. 
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"amount  of  these  materiuls  taken  in  the  diet,  it  wa'^  possible  to 
ascertain  whether  the  cnrresponctijig  amount  of  carbon  had  all 
been  excreted.     By  experiments  of  this  kind  a  nearly  perfect 

I  balance  may  be  struck  between  the  income  and  the  outgo  of  the 
body.     Absolute  ai-curacy  is  not  souf^ht  for,  since  the  inuteriuls 
eaten  vary  somewhat  in  eonipusition  and  some  little  of  the  carbon 
or  nitrogen  excreted  is  found  in  the  secretions  from  the  skin,  the 
saliva,  etc.,  which  are  not  usually  examineil. 
More  recent  exjieriments  matle  in  this  countr>'  untler  the  direc- 
tion of  Atwater*  have  att^nrpted  to  balance  not  only  the  material 
income  and  outgo  of  the  body  duriri":  a  given  period,  but  also  the 
income  and  outgo  of  energ}*.    For  this  purpose  the  imlividuals  ex- 
|)erimented  upon  were  placed  in  a  very  carefully  constructed  respi- 
ration chamber  so  that  their  exi>ired  air  could  be  analyzed  as  well 
as  the  urine  and  feces.     The  chamljer,  however,  was  also  arranged 
to  act  as  a  calorimeter  (see  p,  927)  by  means  of  wliich  the  heat  given 
off  by  the  pereon  coukl  l)e  measured.    The  heat  value  of  the  diet 
being  known,  it  is  possible  in  this  way  to  ascertain  whether  or  not 
this  theoretical  amount  of  heat  is  actually  given  off  from  the  body. 
11      Atwater's  respiration  cham!>cr  is  described  as  a  resj>iration  calorim- 
^M  eter;  some  of  the  results  obtained  from  its  use  are  referred  to  later  on. 
^V       The  Effect  of  Non-protein  Food  on  Nitrogen  Equilibrium. — 
^fHy  use  of  tfie  method.s  referred  to  alHtve  the  general  influence  of 
the    non-pnttein    foods     (fats,  carbohydrates)     upon  the  protcnn 
consumption  of  the  body  has    l>e«'n  made   evident.     An  animal 
may  be  brought  into  nitrogen  equilibrium  on  protein  food  alone, 
the  amount  of  protein   required   l>eing   relatively   large.     If  now 
non-protein  f<xid«tufTs  are  added  tu  the  diet  it  is  found  that  the 
amount  of  protein  nere.'wary  to  mauitain  nitrogen  equilibrium  may 
^_be  reduced  corre.spontlingly.     With  reference  to  the  consumption 
^■of  protein  in  the  botly  the  non-protein  foo<U  are  all  proteins-par ets, 
!^  and  herein  lies  one  great   peculiarity  of  their  nutritional   value. 
On  a  mixe<l  diet  of  [uotein  and  non-protein  food  the  proportion  of 
the  latter  may  lie  increaseil  and  that  of  the  former  decreased  to  a 
^wBDarked  extent   without   breaking  down  nitrogen    equilibrium — 
^Hlhat  is,  without  causing  a  los,s  of  protein  tissue  from  the  body. 
'      This  fact  is  explained  hy  the  consideration  that  in  our  body  the 
^^fuod  fulhls  two  great  functions.     First,  it  furnishes  the  material 
^■br  the  formation  of  new  living  matter  or  the  replacement  of 
^^he  loss  of    this  matter  tliut   is  continually  going  on;   second, 
it  furnishes  a  suppl\'  of  energy  for  the  vvnrk  done  by  the  v.ariou8 
cells,  the  contraction  uf  the  muscle,  the  secretion  of  the  ghuid,  the 
^—discharges  of   the   nerve  ceils,  etc.     This  second   function,   the 
^■energy  requirement,  is  met  by  any  of  the  three  energ>'-yielding 
^^food-stuffs,  carbohydrates,  fats,  or  proteins,  especially,  as  we  shall 
♦  Atwator,  BuUelins  46,  63,  69,  United  ::»tat<«  r>cimrtment  o(  A.\grw\\\\,>\Tft. 
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fintl,  by  the  farbohytlrati-s.  For  the  first,  function  protein  (or  it« 
split-products)  is  absolutely  needetl,  and  perhaps  is  alone  nee<le(i. 
In  any  event,  if  the  supply  of  non-protein  is  suffieiently  iarfje, 
then  the  amount  of  protein  fan  be  hnvered  to  a  certain  irreducilile 
minimum  which  is  required  for  purposes  of  genuine  assiniilatinn. 
that  is,  the  construction  of  living  material. 

The  Nutritive  History  of  the  Protein  Food. — The  digestive 
clianges  undi'rgone  by  protein  and  its  sulxsequent  absorption  liavK 
Ijcan  described  in  the  section  on  Digestion.  It  will  be  remembered 
that  the  products  of  protein  digestion  are  absorbed  mainly  into  the 
bjood-vejssels  of  the  intestine,  and  therefore  must  pass  through  the 
liver  before  I'eaching  the  general  circulation.  It  will  also  be  remem- 
bered that  we  are  an  yet  ignorant  of  the  precise  form  in  which  tliese 
products  enter  the  portal  blood.  This  deficiency  in  our  knowledce 
constitutes  a  serlou.n  obstticle  to  a  satisfactory  explanation  of  the 
Butritional  history  of  the  protoin.  Two  general  views  imy  I* 
mentionetl  concerning  the  ultimate  fate  of  the  alisorlwd  material. 
One  of  thfuSt?  theories  (Voit)  assumes  that  the  dige-stwl  material 
it!  all  synthesized  intfj  a  new  prot«n,  during  or  aft^r  absorption, 
being  converted  into  what  we  might  call  a  Iwdy  protein  charac- 
toristie  of  the  animal.  Although  it  is  not  specificaily  stated  tl"^ 
a.ssuniption  seems  to  be  that  this  l>ody  protein  is  semm-albumin 
or,  at  least,  one  of  the  blood-proteins. 

The  theory  assume-s,  moreover,  that  some  of  the  absorbed 
material  is  assimilateil  to  fomi  living  protoplasm,  so  far  as  this  is 
necessary  to  replace  the  wastt's  of  the  ti.ssue  or  to  provide  new 
material  for  growth.    The  portion  of  the  absorbed  protein  t.li»t 
subserves   this   function    is   designated    as   timne   protein.    It  i^ 
obvious  that  this  function  cannot  be  replace<l  by  the  non-protein— 
that    is,    the   non-nitrogcnou.s — foodstuffs   when    taken   without 
accompanying  nitrogenous  material.     The  larger  portion  of  the 
absorbed  material,  however,  after  distribution  to  the  tissues  is 
destroyed,  with  liberation  of  heat,  under  the  influence  of  the  ac- 
tivity of  the  living  cells,  but  without  a<'tual!y  becoming  tranfi- 
formed  into  living  matter.     The  cells  act  toward  this  material  as 
the  yeast  cells  do  toward  the  sugar  that  they  decorajjose  into 
aJcohol  and  carbon  dioxid.     The  portion  of  the  protein  that  under- 
goes this  fate  is  designated  as  the  circulatiTi.g  protein,  on  the  hy- 
pothesis that  it  enters  the  circulating  liquids  of  the  body,  the 
blood,  and  lymph. 

The  second  general  point  of  view  represents  perhape  the  trend 
of  modem  investigation.  It  starts  from  the  belief  now  generally 
accepted  that  the  digestive  proceases  do  not  stop  at  the  peptone 
stage,  but  result  in  splitting  the  protein  molecule  more  or  less 
completely  into  \ls  coTaaVvtutxvX  amvnu  bodies,  or  into  a  mixture  of 
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such  amino  hodios  and  poljpeptida.  From  this  group  of  split 
products,  none  of  which  is  of  sufficient  complexity  to  hv.  desig- 
nated as  a  protein,  some  protein  is  reconstructe<l  by  processes 
of  synthesis  taking  place  in  the  wall  of  the  intestine  or  in  the  liver. 
That  this  is  a  possibility,  that,  in  other  words,  the  body  may 
build  li^  own  protein  out  of  the  split  products  of  a  complete 
pancreatic  hydrolysis,  has  been  deinonstratc<i  l)y  the  work  of 
I»ewi  and  others.*  Dogs  fed  on  the  split  products  of  a  pancreatic 
digestion,  together  with  sufficient  carlmhydrates  ancJ  fats,  may  l>e 
k«^pt  in  nitrogenous  equilibrium  or  may  even  store  up  protein  in 
the  body.  It  is  interesting  to  know  that  the  split  products  of  pro- 
tein obtained  by  complete  hydrolysis  with  boiling  acids  cannot  be  I 
utilized  in  this  way  by  the  body.  The  end  products  of  pancreatic  I 
and  acid  hytlrolysis  of  protein  ar(>  very  similar,  but  evidently  the 
latter  process  either  goes  too  far  or  results  in  the  production  of  sec- 
ondary reactions  which  unfit  the  split  products  for  synthesis  by 
the  tissues  of  the  body.  It  is  possible,  as  was  suggested  first  by 
Abderhalden,  that  in  the  normal  digestion  of  ])r(>tein  in  the  body 

me  putypeptitls  remain  which  serve  as  a  sort  of  nucleus  f<tr  the 

onstructi<in  of  the  body  protein.  Any  way,  the  view  that  we 
re  now  describing  assumes  that  the  protein  material  of  the  food 
is  first  broken  ilown  quite  completely  in  tligestiou  and  then  a  new 
body  protein  is  reconstructed  from  some  of  this  material.  In 
other  words,  out  of  the  various  pieces  into  which  the  food-protein 
is  split  by  the  f>rocesses  of  digestion  a  certain  number  are  united 
by  synthetic  processes  to  form  the  special  boily-protein  of  the 
animal.  The  balance  of  the  amino  bodies  not  thus  used  Ls  of 
value  to  the  hody  only  as  a  st*urce  of  energy,  luit  not  for  tissue 
building.  The  nitrogen  in  them  is  useless  to  the  body  and  con- 
sequently it  is  promptly  sf»ltt  off,  prof»ably  in  the  liver,  as  ammonia, 
wFiTclT  is  then  converted  to  urea  and  excreted,  'i'he  organic  acirl 
gFoup  left  l)ehin<l  is  iinpoi-taiit  as  a  source  of  energ\'.  It  can  he 
oxidized  with  the  |>roduction  of  heat,  or  if  the  fortd  is  in  excess  of 
the  energy  requirements  of  the  body,  it  may  be  convertetl  to  glyco- 
gen or  fat  and  storetl  as  a  reserve.  So  much  of  the  food  protein 
as  is  not  resynthesized  into  tis-sue  protein  for  the  c()nstructiion  of 
ti^ue,  is  u.sed  or  flestroyed  for  purposes  of  energy  without  again 
passing  into  the  protein  form. 

Fohnf  has  called  attention  to  the  fact  that  the  proportions 
of  the  different  nitrogen  compoimtLs  in  the  urine  vary  with  the 
amount  of  protein  f(nKL     Upon  an  average  diet  containing  16  to 

gms.  of  nitrogen  (100  to  106  gms.  of  usable  protein)  the  urea 
rms  87  to  88  per  cent,  of  the  total  nitrogen  of  the  urine,  while 

•  For  ili«cii88ion  an<l  literature,  consult  Llithjc  in  "ErgcbniasederPhvai- 
=-; "  vii.,  19()S. 
Folin,  "American  Journal  of  Physiology,"  xiii.,  45,  66,  and  117,  1905. 
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when  the  protein  intake  is  reduced  to  3  or  4  gnis.  nf  nitrogen  thf 
urea  forma  only  61  to  62  per  cent,  uf  the  total  nitrugen  of  ihf 
urine.     On  the  other  hand,  tlie  creatinin  and  the  purin  bodifc* 
(uric  acid,  xantliin,  etc.)  are  not  iliuiiniahed  in  amount  with  a 
I  decrease  in  the  protein  food.     He  suggest. s,  therefore,  thai  the 
i  latter  h<idies.  creatinin  and  purin  hases,  arise  froni  the  hreakiii^ 
/  down  of  the  living  tis.sues,  the  catabolism  or  wear  ani:l  tear  of  the 
I  living  machiuer>,  and  may  be  taken  as  an  index  of  the  extent 
of  this  metahoJisni.     The  urea,  on  the  other  hand,  represent);  in 
part  that  portion  nf  the  protein  food   wliirh.  from  the  pre.s«it 
[)oint  of  view,  is  not  usetl  for  construction  of  living  matter,  but 
wliicli  acts  simply  as  an  energy  fooil.    The  amount  of  urea,  there- 
fore, while  a  reliable  index  of  the  weight  of  protein  destroyed  in 
tiie  body,  is  n*it  an  index,  as  was  formerly  8uppose<l  of  the  amount 
of  living  tis-sue  protein  broken  (hmn,  since  a  portion  of  it  nuiy 
arise  from  the  foo<l- protein  us  described  above. 

The  Amount  of  Protein  Necessary  for  Normal  Nutrition.— 
As  was  stated  above,  nitrogen  e<iuili1»rium  may  be  maintjiiiied  on 
different   amounts   of   protein    fo(jd.     It   is    important,    fri>iu  a 
scientific  antl  from  an  economic  statuiijoint,  to  determine  the  low 
limit  for  this  equilibrium  and  to  ascertain  whether,  for  the  purp<i!« 
of  tlie  best  as  well  as  the  most  economical  nutrition,  this  lo*' 
^  limit  is  as  g<u)d  lis  or  jfreferuhle  to  a  higher  amount  of  protein  in 
the  diet.     Examination  of  the  dietaries  of  civUizetl  races  show 
that,  on  the  average,  100  to  120  gms.  of  protein  areu.s©d  daily  by 
an  adult  man.     \oit  gives  1 18  gms.  of  protein  as  the  averap 
daily  consumption.     A  variable  ])ortion  of  this  amount  ])iB<ses 
into  the  feces  in  undigested  form,  but  we  may  a.s8ume  that  about 
100  to  lOf)  gms.  are  aijsorVied  and  actually  metabolized  in  thel>0(ly. 
If  we  take  into  account  the  weight  of  the  body,  this  amount  of 
protein  may  be  astimated  as  e(|uivalent  in  round  numbers  to 
1.5  gms.  of  |)rotein  (or  0.23  gm.  nitrogen)  per  kilogram  of  body- 
weight.     In  recent  years  seritjus  attempts  have  been   nuule  to 
ascertain  how  low  this  daily  quota  of  pn)tein  may  be  redmied 
without  destroying. nitrogen  equilibrium  or  injuring  the  effective- 
ness of  the  body  for  muscular  or  mental  work.     Siven  was  able 
for  shttrt  periods  to  reduce  his  daily  diet  of  protein  to  a.s  little  a» 
IJ.5  gm.  (O.OS  gni,  N.)  per  kilo  of  tiody  weight,  but  probably  the 
most  important  experiments  of  this  kind  were  those  carrietl  out 
by  Chittenden.*     In  this  work  the  e>q>eriment8  were  continued 
over  long  ]>friuds  of  time,  antl  were  made  upon  three  different 
groups  of  men,  five:  university  teachers,  a  detail  of  thirteen  men 
from  the  Hospital  Corps  of  the  Array,  and  eight  tmiversity  student* 

•Consult  Chittfiwicn,  " Phy.sioloKical  EJconomy  in  Nutrition,"  New  York, 
J  905,  for  discussion  and  WUraVvHe. 


classed  as  athletes.  The  general  result  itf  the  inve-stigutiuii 
showed  that  the  body  can  he  maintained  in  protein  etjuilibrium 
and  -in  a  normal  state  of  efRciency  upon  a  diet  containing  only 
30  to  50  gms.  of  protein  per  day,  according  to  the  weight  of  the 
individual — t»r,  expressed  irn  more  general  terms,  the  daily  quota 
of  protein  per  kilo  of  weight  may  be  reduced  from  1.5  giiui. 
(0.23  gni.  N.j  to  about  *me-haU,  that  is,  0.75  gm.  of  protein  or 
0.12  giiirof  nltr»)gen  per  kilo.  This  general  result  ha.s  been 
confirmed  on  a  large  scale  I>y  the  studies  matle  by  McCabe*  of 
the  metabf>lisni  of  the  Bengalis  of  India.  He  finds  that  the 
average  Bengali  metabolizes  in  his  body,  so  far  as  may  be  jutiged 
from  the  nitrogen  excreted  in  the  urine,  only  about  37.5  gms.  of 
protein  daily,  corresponding  to  a  consumptitm  per  kilo  of  0.7  gm. 
of  protein  or  0.11.*?  gm.  of  nitrogen.  A  corresponding  average 
amount  of  protein  was,  of  course,  eaten  daily,  ami  on  this  low 
protein  diet  they  exist  in  apparent  health.  Rubnerf  also  empha- 
sizes the  fact  that  milk,  wiiicli  forms  the  sole  diet  of  the  infant,  is 
a  protein  poor  food.  The  u-^ual  daily  diet  of  the  adult  has  a  heat 
value  of  from  2400  to  HmO  calories  (see  p.  920).  Of  this  total 
heat  value  the  protein  food  in  the  diets  usuall>'  recommeneied 
forms  about  15  to  20  per  cent.  In  niilli.  however,  according  to 
Rubner's  estimates,  the  protein  constitutes  only  about  10  per 
cent,  of  the  total  heat  value.  -\s  the  result  of  these  and  similar 
investigations,  the  practical  question  presents  it.Helf  ha  to  what 
constitutes  the  optimum  daily  quota  of  protein.  If  the  body  can 
be  kept  in  good  condition  upon  0.75  gm.  per  kilo  per  day,  will  an 
ingestion  of  mure  than  this,  say  twice  as  much,  prove  injurious 
or  beneficial  or  indifferent  to  the  body?  (.)utsi<le  its  hygienic 
aspect  the  question  is  important  from  an  eccmomicjil  standpoint, 
since  the  proteins  are  the  most  expensive  foods,  and  in  the  feeding 
of  large  masses  uf  individuals — armies,  schools,  asylums,  etc. — 
it  is  not  desiraljle  to  wa-ste  money  on  protein  fnoci  if  it  is  not 
needed.  The  full  and  sati.sfacti>ry  answer  to  tiiis  question  iim.st 
be  deferred  until  more  experience  is  obtained.  The  report  upon 
the  Bengalis,  noted  above,  wimid  seem  at  first  to  constitute  a 
satisfactory  demnnstration  of  the  practicability  of  a  low  protein 
diet,  but  McCabe  states  the  Bengali  is  inferior  physically  to 
the  average  European,  and  is  particularly  deticient  in  capacity 
for  rau.scular  work,  and  he  is  inclined  to  attribute  this  inferiority 
to  the  diet.  Moreover,  the  Bengali  is  (|uite  susceptible  to  kidney 
troubles,  a  fact  which  .seems  to  destroy  one  prediction  often 
made  by  those  who  advocate  a  low  protein  diet,  nami-ly,  that  the 

•  McC-ibc,  "The  Mctaboli.im  of  the  B*>nRa1w,  Calrnlta,"  19US.  (Scientific 
Mc'tiioirs,  M<-<lical  Department  CJovprntiu'iit  of  Inilm,  No.  34.)  AIbo  Uter 
report  iJi>oa  Jsiil  Dictariea,  ibid.^  Nu.  ;J7,  1910. 

t  Uubncr.  "Dun  Prohlrm  dm  IjebfimiiiiUfr,"  1908;  Cohnhcim,  "Die 
Phy.siologie  <kT  Vt'nliiuung  u.  Erniihrung,"  190.S. 
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aniiallpr  anniunt  of  work  thus  thrown  nn  the  kirineys  would  result 
in  a  iliiiiinution  of  diseases  ui  the  kidney.     The  newer  cunoeptiuiis 
in  regard  to  the  digestion   and  nutritive  history  of  the  (irittein 
foods  eertaiidy  seem  to  favor  the  a<|optinn  of  a  U^w  protein  dioi. 
If  protein  is  eaten  in  excess  of  tfie  real  assimilation  needs  of  vbe 
tissues,  all  the  excess,  so  far  as  we  can  see,  might  just  as  well  lie 
substituted  by  carljohydrate  or  ]-»y  carbohydrate  and  fat.   The 
excess  nitrogen  thus  eaten  appears  to  be  so  much  u.seless  ball!L<t 
which  the  boily  very  pruiiiptlx'  gets  rid  of.     Tlie  uncertain  point, 
however,  is  what  constitutes  the  assimilation  need  of  the  tistiues. 
The  experiments  given  above  woukl  place  this  need  very  low, 
according  to  the  lowest  estimate,  at  alxiut  5  per  cent,  of  the  total 
energy  value  of  the  food.     That  Ls  to  say,  if  the  daily  diet  contains 
heat  energ\'  erjuivalent  to  2400  calories,  only  5  per  rent,  of  this. 
120  calories,  needs  to  lie  in  the  foru)  of  protein,  an  estimate  which 
would  bring  tlie  protein  to  about  30  gnis.  ilaily.     .\gainst  this  line 
of  reasoning  it  may  be  urged,  in  the  first  place,  that  our  positive 
knowledge  of  the  history  of  protein  in  the  body  is  too  incomplft« 
to  justify  its  application  in  a  wholesale  waj'  to  such  an  imixirtant 
matter  as  the  daily  diet.     Serious  Idunders  have  been  made  in 
the  past,  notably  in  the  nutritive  eniploynient  of  gelatin,  by  a 
premature  application  of  in<'oniplete   knowledge.      Secondly,  it 
must  be  reniemberetl  that  niankintl,  left  to  the  guidance  of  tin' 
natural  appetites  and  the  eliminating  influence  of  natural  selec- 
tion, has  always,  when  possible,  adfipted  the  high  protein  level  ni 
90  to  KKJ  gms.  per  day.     Intleed.  the  uniformity  with  which  this 
level  has  been  un<'on8ciously  maintained  is  a  striking  fact.     .Among 
the  rich  as  well  as  the  poor,  and  in  races  very  differently  place<l 
as  regards  quantity  of  available  food,   substantially  the  same 
amount  of  protein  (80  to  100  gms.)  is  consumed  daily  by  each 
individual.     The  element  of  the  diet  which  varies  most  widely, 
as  Cohnheim  points  out  in  an  interesting  discussion  of  this  ques- 
tion, is,  on  the  contrary,  the  non-protein,  particularly  the  carlx^- 
hydrate  material.     Those  who  are  obligetl  to  do  much  muscular 
work  to  earn  a  living  or  for  the  sake  of  pleatiure  (8]x)rt-8.  athleticsl 
add  to  their  ilnily  quota   of  protein  an  exce.ss  of  carlx)hydrute 
food  to  furnish  the  re<piisite  energy.     On  the  contrary,  those  whiwe 
daily  life  requires  but  little  muscular  exertion,  cut  do^NTi  the  carlxv 
hydrates  and  fats,  and  make  their  diet  relatively  but  not  abso- 
lutely   richer   in   protein.     That    niiinkind   has   mfule   a   mistake 
in  adopting  the  liigher  protein  level  can  hardly  be  claimed  on  the 
liasis  of  our  present  knowledge.     We  must  be  content  to  await 
xjntil  the  matter  is  tested  more  completely  on  a  larger  scale  or 
until  our  knowletlge  of  the  details  of  protein  metabolism  is  more 
8atisfactor\'. 


Digitized  by 


GENERAL   METHODS — HI8TORV    OF    PROTEIN    FOOD. 


The  Intermediate  Stages  in  Protein  Metabolism. — The  urea 
foun«i  ill  the  urine  and  in  lesser  amounts  in  the  sweat  and  other 
secretions  may  arise  in  two  general  ways:  1.  As  an  end-product 
of  the  digestive  hydrolysis  of  the  protein  food.  As  was  explained 
above,  the  protein  niuterial  is.split  liy  the  successive  actions  of  the 
p>epsin,  trypsin,  antl  erep.sin  into  products  which  no  longer  give 
the  biuret  reaction  fur  protein.  As  a  result  of  this  process  much 
of  the  nitrogen  appears  in  the  form  of  ammonia,  nionaniino-acids, 
and  the  so-oalleil  diamino-bodies,  such  as  arginin,  and  we  may 
suppose  that  in  these  forms  some  of  it  is  carried  to  the  liver. 

■  In  this  orpan  the  ammonia,  as  ammonia  salts,  is  transformed  into 
urea.  The  monamino-acids,  some  of  them,  at  least,  are  deamidized, 
that  is,  their  NIIj,  group  is  split  off  as  ammonia  which  then  is  like- 
wise converted  to  urea.  The  orjianic  acid  railicles  left  after  removal 
of  the  NH.J  group  may  subsequently  be  oxidized  through  various 
stages  to  carbon  dioxid  and  water,  or  they  may  be  synthesized  to 
form  a  carbohydrate  body  or  possibly  a  fat,  and  thus  l^  kept 
temporarily  as  storage,  although   their  eventual   fate  is  to  suffer 

■  oxidation  to  cartxtn  dioxid  and  water.  It  is  a  very  significant  indi- 
cation of  the  complexity  of  the  processes  that  may  take  place  in 
the  liver  to  find  that  not  only  can  it  deamidize  the  amino-acids  and 
get  rid  of  the  (NHj)  group  as  urea,  but  it  can  also  effect  the 
opposite  process,  that  is,  convert  oxyacids  to  amino-acids;  lactic 
acid,  for  example,  to  amino-propionic  acid  (alanin),*  Regarding 
the  diaraino-comiwunds  like  arginin  it  is  known  that  when  this 
substance  is  injected  subcutaneously  its  nitrogen  is  excreted  for 
the  most  part  if  not  entirely  as  urea.  Since  Kossel  and  Dakin 
have  shown  that  the  liver  contains  a  hydrolytic  enzjine,  argina.se, 
which  is  capable  of  splitting  off  the  guanidin  residue  of  arginin  to 

I  form  urea,  we  may  assume  that  the  arginin  formed  during  protein 
digestion  actually  undergoes  this  fate.  The  process  is  represented 
by  the  following  equation: 


,NH, 


,NH, 


NHC<^jJg|cH,),CHN-H,CO0H  '  ^^^-^^^yiu\  '  NH,<CH,),CHNH,COOH 
ArpaiD  or  cuanidin  diamino-rateriBnic  acid.       Um.  Omithin  oi  duLnuno-valerianie 

•dd. 


b 

I 


The  omithin,  in  turn,  may  suffer  deamidizatlon.  its  (NHj)  groups 
being  converted  to  ammonia  and  urf?a. 

By  these  possible  processes  it  is  evident  that  some  of  the  nitro- 

;en  of  the  food,  the  amount  depending  on  the  quantity  of  protein 

eaten,  may  be  excreteii  promptly  as  urea  without  entering  at  any 

time  into  the  fornuitron  of  living  prot<iplasm,iL"  ti.tsue.     It  seems 

clear  also  that  .ho  far  as  the  [>roteut  unttergoes  these  intemiedinr}' 

changes  its  nitrogen  constituent  is  without  value  to  the  body. 

Sec  Einbden  and  Schmiti,  "Riochpmwphe  Zeitschrift,"  29,  423,  1910. 
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The  bociy  gets  rid  of  the  nitrogen  and  utilizes  the  balance  of  the 
protein  molecule  a»  a  .source  of  heat  energ>'  or  as  material  fur  the 
syntliesis  of  its  non-nitrogenous  storage  fuel.  Folin'a  estiuiutes, 
quoteil  above,  showing  that  the  urea  of  the  urine  rises  and  fallf 
promptly  with  the  amounts  of  ]>ratein  in  the  food,  indicate  that 
part  of  the  [in.itein  food  undergoes  this  .series  of  changes.  Siwe 
some  of  tlie  nitrogenous  fciod  ruuterial  must  be  actually  sj-nths' 
sized  into  living  protoplasm,  acting  as  a  "tissue  protein"  in  Volt's 
sense,  to  make  new  tis.sue  or  to  repair  tissue  waste,  it  follows  that 
a  portion  of  the  uhsorbed  split  products  of  *ligested  protein  murt 
undergo  an  entirely  different  proce.ss.  but  concerning  the  inler- 
mediary  steps  of  this  process  we  have  little  (tr  no  knowledge. 
2.  The  urea  of  the  excretion  may  arise  in  the  tissues  at  large 
from  the  breaking  down  of  the  organized  or  living  protein  cirof 
the  protein  material  indudetl  in  the  cell  liquids,  .^s  has  heen 
atateil  in  anotlier  place,  most  of  the  living  tissues  ma- 
tain  intracellular  enzymes  capable  of  causing  hydrolysis  n( 
the  proteins.  When  the  excised  tissues  are  kept  warm  but 
protected  from  the  action  of  the  bacteria  they  undergo  self 
digestion  or  autoiysLs.  As  a  result  of  this  prfH-esfl  the  protein 
molecule  is  split  into  its  constituent  parts,  which  in  general  are  the 
Bame  aa  those  formed  during  digestion.  Assuming  that  these 
intracellular  enzymes  act  in  this  way  during  life  it  is  evident  that 
the  fate  of  the  split  products  may  he  the  same  as  that  described 
above.  The  ammonia  comp<Minds  are  converted  to  urea  by  tie 
liver  and  quite  probably  by  other  tissues;  the  monamino-hodies 
lose  their  NHj  group  by  a  pIx^cess  of  deanudization  and  the  lun- 
monia  compounds  thus  produced  are  in  turn  changed  to  urea,  and 
such  compounds  as  arginin  will  probably  under  the  influence  of 
arginase  yield  their  nitrogen  as  urea.  In  the  protein  that  undergoes 
metabolism  in  the  tissues,  as  well  as  in  the  protein  of  the  food  that 
is  metabolizetl  before  reaching  the  tissues  at  large,  the  urea  is  formed 
by  two  general  methods  at  least,  by  the  intermediate  productioD 
of  ammonia  compounds  and  by  the  con\'ersion  of  a  guanidin  residue. 
For  the  sake  of  completenes.s  a  third  method  of  producing  urea  in 
the  body  may  be  added,  namely,  a  derivation  from  uric  acid. 
This  mode  of  origin  is  considered  in  the  followng  paragraph. 

Thr  Intirmcdianj  Metabolism  of  the  Nudeoprotvins. — Nucleo- 
pTfiteiiis  are  taken  m  our  food  and  likewise  are  found  in  the  tissues 
of  the  body.  Their  metabolism,  so  far  as  the  nuclein  portion  is 
conrerneil,  gives  rise  to  the  formation  of  uric  acid  and  the  puriii 
bases.  It  will  be  remembered  that  in  the  urine  we  find  8t>me  uric 
^acid  and  st>me  xanthln  and  hypoxanthiu.  In  the  feces  small 
amounts  mav  be  detecte<l  of  xanthin,  hypoxanthin,  adenin,  and 
guanin.     These  bodwa  aU  contain  the  purin  group  or  radicle  (see 
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p.  833}  and  are  closely  related  fhemically .  By  hydrolytic  processes 
outside  the  liody  one  may  obtain  the  purin  bas4's  from  nueloins 
or  nucleic  acids,  and  inside  the  l>ody  the  metabolic  processes  give 
similar  pro<luct,s.  The  history  (if  the  iutermeiiiary  nietabolism 
may  be  outlined  as  follows:  When  nucteoproteiii  is  eaten  the 
niiclein  is  split  off  apparently  by  the  action  of  the  pepsin,  the 
fjrotein  jxjrtion  then  undergoing  the  digestive  and  nielub(j|ic 
changes  already  desiTibed.  The  nuelein  is  not  acted  upon  further 
by  the  pei)sin  or  trypsin,  except  that  under  the  influence  of  the 

i^iatt'er  it  is  rendered  soluble  possibly  by  an  act  of  hydration.*  Once 
nthin  the  Ixxly  the  nuelein  is  submitted  to  tlie  action  of  a  series  of 

'enz>Tnes  as  follows:  Uniler  the  influence  of  a  nuclease  it  is  split  with 
the  productif)n  of  some  of  the  purin  bases,  adenin,  guanin.  The 
aminopuriiLs  s<i  far  as  they  are  formed  are  converted  to  the  corre- 
sixinding  oxypurins  by  the  action  of  a  deaniiflizing  enzyme.  Ac- 
cording to  Jones  two  such  enzymes  may  occur  in  the  budy,  namely, 
adenase  and  guanase.f    Their  action  takes  place  as  follows: 


CHeN, 

Adenin. 


H,0  =  (:,H.N\0  ;  NH, 
Hypoxaathin. 


aH,N,0  +  H,0  -.  CVH.N.O,  ■{-  NH, 

Guanin.  Xanthin. 


The  .xanthiii  and  hj^wxanthin  in  turn  are  converted  to  uric  acid 
by  the  action  of  an  oxidase,  known  as  xanthinoxidase,  and  finally 
the  uric  aciil  formed  may  in  turn  be  partly  split  under  the  influence 
of  a  special  uricolytic  enzyme  so  that  part  of  its  nitrogen  is  elimi- 
nated na  urea.  Kventually,  therefore,  we  may  IwUeve  that  the 
nitrogen  of  the  nuelein  is  excreted  largely  as  uric  acid  and  urea, 
and  to  a  smaller  amount  as  xanthin,  hypoxanthin.  adenin,  or  giuinin. 
The  proportion  of  the  uric  acid  which  is  further  split  to  form  urea 
varies  in  different  animals  (see  p.  836).  In  man  the  proportion  is 
estimated  at  about  one-half.  Burian  has  given  reasons  for  lie- 
lieving  (see  p.  836)  that  mo.st  of  the  purin  nitrogen  excreted  arises 
in  the  metalwlism  of  the  muscle,  and  represents  presmnnbiy  the 
break  down  of  organized  structure.  The  action  of  the  series  of 
enzymes  just  described  seems  adaptctl  simply  to  remove  the  wast« 
.nuelein  with  little  corresponding  prtifit  to  the  body  from  the  stand- 
int  of  liberated  heat  energy.  It  is  to  be  borne  in  mind,  however, 
that  the  activity  of  some  of  these  enzymes,  the  nuclease,  for  example, 
may  be  concerned  in  the  .synthesis  of  nucleins  and  nudeoproteins 

•See  Abderhjildpn   and   Schittenliclni,  "Zeit.  f.  phys^iol.   Chem.,"  1906, 
vii.,  452. 

t  .According  to  thw  aiithnr  four  siirh  (•iizymps  may  occur.     Two  acting 
ipon  guanoaii]  and  adenuein,  JoDea,  "Jourmii  uf  Biological  Cheinialry,"  9. 
109,  1911. 
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within  the  body,  a  process  about  which  at  present  little  m  nothing 
is  known. 

It  is  usually  believed  that  the  creatinin  of  the  uiine  is  formed 
from  the  creatin  found  in  muscular  tissue  and  that  the  latter  is 
derived  from  a  metabolism  of  the  living  muscular  tissue,  but  no 
entirely  satisfactory  demonstration  of  the  correctness  of  these 
views  has  been  obtained  (see  p.  836). 

The  Specific  Dynamic  Action  of  Proteins. — ^This  some- 
what iadeiinite  term  is  used  by  Rubner  to  designate  the  fact  that 
protein  foods  seem  to  stimulate  the  metabolic  processes  of  the  body 
to  a  greater  extent  than  the  fats  or  carbohydrates.  This  pecu- 
liarity may  be  demonstrated,  for  instance,  in  the  case  of  a  starving 
animal  living  upon  its  own  substance  and  metabolising  a  certain 
amount  of  its  tissues  daily.  The  amount  thus  metabolised  nuy 
be  expressed  in  terms  of  the  heat  production  and  it  represents  the 
minimal  consumption  of  material  requisite  for  the  maintenance 
of  body-temperature  and  the  other  energy-needs  of  the  body- 
If  this  minimal  daily  consumption  is  expressed  in  calories  and 
the  animal  is  given  food  containing  the  same  amount  of  avail- 
able energy  the  consumption  of  body  material  is  not  completely 
covered,  since  the  food  leads  to  an  increased  total  metabolism 
which  is  especially  marked  in  the  case  of  proteins.  Expressing  the 
minimal  daily  metabolism  during  starvation  by  100,  Rubner  esti- 
mates that  the  minimal  amounts  of  the  three  foodstuffs  requisite 
to  give  a  heat  equilibrium  would  be  for  proteins  140.2,  for  fat  114.5. 
and  for  sugar  106.4.  The  fact  that  protein  food  tends  to  increase 
the  total  metalx)lism  of  the  body  ha.s  been  explained  by  some 
authors  on  the  afwumption  that  a  greater  amount  of  secreting  and 
muscular  work  is  required  for  its  digestion.  The  proteins  are 
retained  for  a  k)nger  time,  for  instance,  in  the  stomach,  and  the 
continucil  mu.soular  movements  of  the  organ  involve,  of  course,  a 
consumjition  of  tis.sue  material.  This  explanation  does  not  seem 
to  Ih?  entirely  .satisfactory  and  the  term  "specific  d^-namio  action" 
e.\|)ix».xsos  the  view  that  the  protein  food  actually  stimulates  the 
ti.ssues  to  a  greater  motalx)lism,  in  somewhat  the  same  way  a»  in 
tin'  case  of  itu'reji.so<l  muscular  work.  Hubner's  explanation  of 
this  fjict  is  that  before  i)roteiu  can  he  used  for  the  energj-  needs. 
i)f  tlic  Ixttly  it  inu.st  he  split  into  a  nitrogenous  and  anon-nitn«g— 
cnous  part,  and  that  the  latter  portion  only  is  available  for  tl 

<tiorg>'  rcKjuJn'nicntH.    The  splitting  process  or  the  series  of  split 

ting  and  oxidative  proct^sses  which  must  occur  in  the  preparati<>r» 
of  the  non-nitrogenous  (carlx)hydrate)  material  from  the  pmteiK^ 
niolcculr  lilM>rate  a  certain  amount  of  heat,  free  heat  as  he  calls  it, 
which,  while  helping  to  keep  up  the  Ixxly  temperature,  is  not  util- 
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isable  for  the  energy  needs  of  the  workinp;  celLs.  This  amount  of 
?rgy  is,  therefore,  wastedj  so  to  speak,  and  more  protein  has  to 
be  taken  to  supply  the  bo(ly  than  would  be  the  case  if  all  of  its 
potential  ohemit-al  energy  were  utilizalile,* 

Nutritive  Value  of  Albuminoids. — The  ftlbuniinoid  most  fre- 
qu'.'ntly  occurring  in  fooct  is  gclatm.  It  is  di^nvvti  from  culluptcn 
of  the  connective  tissue.  Collagen  of  bones  or  of  coiinet'tive  tiss\ie 
takes  up  water  when  boiled  and  becomes  converted  into  gelatin. 
We  eat  gelatin,  therefore,  in  boiled  meats,  soups,  etc.,  and,  besides, 
it  is  frequently  ernplovetl  directly  as  u  food  in  the  form  of  talile 
gelatin.  Collagen  h;is  the  following  pcrrentnge  ronip<i.sitifin:  C, 
50.75  per  cent.;  H,  fi.47;  N,  17.86;  O,  24,.'i2;  S,  0.0.  It  resembles 
the  protein  molecule  closely  in  percentage  connM)sition  and,  in 
fiict,  is  now  cla.ssified  as  one  of  the  varieties  of  protein.  It  wouhl 
i^eem  that  the  tissties  inight  u.se  it  as  they  do  ]n-<>tein  for  the  for- 
mutiun  of  new  pr(itupla;sm.  Ex[ierimerits,  however,  have  demon- 
strated clearly  that  tliLs  in  imt  the  ca«e  when  it  i.s  etnployed  without 
other  protein  food.  Animals  fed  upon  idliuniuioids  together 
with  fats  anil  carbohydrates  flo  not  maintain  nitrogen  et[uilil>riuin. 
The  Hnnl  result  of  such  a  diet  would  he  continued  Io.ss  of  weight 
and  raahiutrition  anrt  death.  Some  light  is  thrown  upon  the 
inahility  of  the  gelatin  to  act  tin  a  tissue  former  by  a  considera- 
tion of  the  split  products  formed  from  it  in  liydrolytlc  cleavage. 
While  it  yields  a  number  of  the  pniducts  usually  given  by  the 
proteins,  there  are  others  which  are  lacking,  such  as  cy.stein 
(thioammopropionic  acid),  tyrosin  (oxypfienylaininopropionic 
acid),  serin  (oxyarninopropidnic  acid),  and  trypto|ihan  (indol- 
aiuinopropiouiu  arid).  On  tlie  hypotliesis  that  proteins  during 
digestion  are  normally  split  mi>re  or  less  completely  into  their 
constituent  parts,  and  that  the  characteristic  body-protein  of  the 
animal  is  reconstructetl  synthetically  hy  a  new  arrangement  of 
these  grouj)s,  it  is  apparent  that  the  gelatin,  when  used  without 
protein,  may  fail  to  furnisli  some  of  the  groupings  nece-SHary  to 
such  a  synthesis.  Gelatin  is  readily  digested,  gelatoses  and 
gelatin  peptones  and  eventually  s<jme  split  products  being  formetl; 
these  are  absorbed  and  o.xidized  in  the  body,  with  the  formation 
of  COj,  HjO,  and  lirea.  Clelatin  serves,  then,  as  a  source  f»f  energ>' 
to  the  btnly  in  the  same  sense  as  do  cjirbohydrat.es  and  fats. 
When  any  one  of  the.se  three  substances  is  usenl  in  a  diet,  the 
proportitm  of  protein  neces.sary  for  the  maintenance  (»f  nitrogen 
e<juilibrium  may  lie  reducetl  greatly-  Actual  experiments  have 
shown  that  gelatin  is  more  efficacious  than  either  fats  or  carbo- 
hydrates  in  jmrtecting  the  ]>rotein  in  the  body.     The  relative 

•  For  further  discuBeion,  sec  Kubnor,  "Opsotze  des  EtKreievprbrauchB," 
1902,  or  Liihk,  "Elcmcntit  of  the  ricit'uce  of  Nutrilion,"  Fhii.-MK'ljjhia. 
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value  <»f  fats,  carbohydrates,  and  gelatin  in  protecting  prowin 
from  (lestruotinn  in  the  IkkIv  is  illu:itrate<l  hy  an  e\jH'riiiinit 
reported  by  \'oit;  A  dog  weighing  32  kgnw.  was  fe^l  alternately 
upon  protein  anil  sugar,  protein  and  fat,  and  pnitein  and  gelatin, 
with  the  following  result: 


Meat, 

400 
400 
400 


NorHlflMMKNT  (GhB.) 

OsLATiN.       Fat. 
—  200 

21X)  — 


C*.LCt.'l/ATXll    UEATRl'cnaM  Of 

Flsbm   in   Boot  (Om».I 

439 
350 


I 
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This  greater  efRcacv  of  tlie  gelatin  is  doubtless  connei-ted  with 
its  nitrogen-funtaining  groups  and  would  indicate  an  ability  tn 
partly  replace  protein  material  in  its  assimilative  functions. 
FracticuU)',  however,  the  u.se  of  gelatiii  in  diets  is  restricte<l  by  its 
unpalatableness  when  employed  in  large  quantities.  Whatever 
may  be  the  physiolugicaj  tause  of  this  peculiarity,  there  seems  Uibc 
no  doubt  that  when  useci  largely  in  the  diet  both  animals  and 
men  sooii  develop  such  an  aversion  to  it  that  it  is  necoRsary  todLs- 
contiuue  its  u.se.  A  number  of  observers  have  attempteil  to 
determine  experinientall}'  ju.st  how  far  the  protein  of  the  fo(Kl  niay 
be  replaced  by  gelatin  without  cau.sing  a  loss  of  body-proteiii 
Munk  states,  from  experiment.s  upon  dogs,  that  when  about  six- 
seventh.'?  of  the  nitrngen  nece>isary  to  maintain  equilibrium  W)i» 
given  in  the  form  of  gelatin,  the  animal  could  be  kept  in  nitrogen 
equilibrium  for  a  few  days  at  least.  Murlin,*  in  more  careful 
experiments,  has  shown  that  if  abundant  carbohydrate  food  i» 
usetl  a  dog  may  be  kept  in  nitrogen  eqiiililiriuni  at  or  near  tlw 
fa.st.ing  level  on  a  diet  in  wlarh  two-third.'^  of  the  protein  imcAt) 
nitrogen  is  .substituted  hy  gelatin  nitrogen.  Kaufnmnnt  claims 
t(j  have  kept  hini.self  in  nitrogen  equilibrium  for  a  short,  time  up«»ii 
a  diet  in  which  no  protein  wa.s  contained,  all  the  nitrogen  l)einp 
supplietl  in  the  fnnn  of  gelatin,  together  w-ith  .small  aniount.sof  the 
amino-acid-s,  wditcb  are  lacking  in  the  gelatin  nitdecule  (cystni. 
tyrosin,  tryptophan). 

The  lii-story  of  gelatin  a»  a  food  is  very  inlcrc>.lirig  ami,  indeed,  instnjflivP. 
fiinoe  it  serves  or  shnuld  «'rvc  as  a  warning  aKninsi  a  prfmaturr>  applicatiui 
of  till'  resultfi  of  scientific  invesliftation.  A  condMi.'^t^d  acct>unt  of  the  subJKt 
is  jstivi'n  by  Vuit.  in  Hermann's  Handbucli  der  Physiologic,  vol.  vi.,  p.  396^ 
It  would  MM'm  tliiit  on  account  of  tlic  high  nitrogen  content  of  the  gelMin*nu 
the  faot  that  it  in  wiluble,  there  wa*  a  tfndcncy  to  attribute  lo  it  an  uminu* 
nutritive  value.  The  fact,  too,  that  the  gelatin  could  be  obtained  fmm  Ikidw 
whicli  otherwiwe  were  burned  or  thrown  away  was  important  in  suggestinf 
a  means  for  the  eoonnmical  feeding  of  the  jKxjr.  The  matter  wa^-  inqiiir«i 
tnt/o  by  a  oommittee  during  the  French  Revolution  and  subsequently  by  » 

*  Murlin,  "American  .luurnal  of  Physiology,"  19,  285.  1907,  and  20,  234, 
1907. 

t  Kaufmann,  '"rf\v\^er'ft  A.rclviv  f.  d.  ges.  Physiol,"  1905,  cix.,  440. 
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commiBsion  of  the  French  Academy,  who  made  favorable  reports.  The  succesa 
of  d'Arcet,  in  making  gelatin  economically  by  a  new  process,  led  the  Philan- 
thropic Society  of  Paris  to  request  the  Academy  of  Medicine  to  investigate 
whether  gelatm  is  really  a  nutritious  and  healthy  food.  The  Academy 
appointed  a  commission  for  the  purpose  and  the  report  of  this  commission, 
published  in  the  Annales  de  Chmiie,  vol.  92,  1814,  was  most  enthusiastic. 
They  recommended  gelatin  as  a  most  nutritious  and  healthful  food,  when  its 
natural  insipidity  was  corrected  by  the  addition  of  salts  and  savory  herbs. 
On  the  basis  of  this  report  the  article  was  largely  used  in  the  nourishment  of 
hospital  patients,  but  m  course  of  time  complaints  became  so  emphatic  that 
douot  was  a^in  raised  as  to  its  real  value.  In  fact,  a  reaction  set  in.  The 
second  gelatm  commission  of  the  French  Academy,  1841;  a  commission  of 
the  Netherland's  Institute,  1844,  and  a  report  from  the  Academy  of  Medicine, 
Paris,  1850,  all  condemned  gelatin  as  useless  from  the  standpoint  of  nourish- 
ment, and  as  injurious  rather  than  beneficial.  Thus,  as  so  often  happens, 
public  opinion  oscillated  from  one  extreme  to  the  other.  The  true  value 
of  the  gelatin,  as  we  understand  it  to  to-day,  was  established  by  Voit's  experi- 
ments, but  from  the  brief  account  given  above  it  is  evident  that  something 
remains  to  be  explained.  It  is  not  clear  why  it  cannot  be  borne  better  in  a 
diet  when  used  in  quantity. 
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CHAPTER  XLVin. 
NUTRITIVE  HISTORY  OF  CARBOHYDRATES  AND  FATS. 


The  Carbohydrate  Supply  of  the  Body. — The  available  carbo 
hydrate  material  of  the  body  consists  of  the  glycogen  found  in  the 
tissues,  especially  in  the  liver  (1  to  4  per  cent,  or  more)  and  mus- 
cles (0.5  per  cent.),  and  the  sugar  formed  from  this  glycogen  and 
present  constantly  in  the  blood  to  the  amount  of  0.1  to  0.15  per 
cent.  In  addition  it  is  believed  that  during  starvation  glycogen 
or  sugar  may  be  made  from  the  protein  tissues  of  the  bo<iy,  and 
possibly  also  from  the  l>ody  fat,  although  this  latter  source  is 
disputed.  The  supply  of  glycogen  under  normal  conditions  jj 
maintained  chiefly  by  the  carbohydrate  food.  A&  was  e.xplai 
in  the  section  on  Digestion,  the  starches,  sugars,  gums,  et«., 
which  constitute  the  carbohydrate  foodstuffs  are  eventually 
absorbed  into  the  blood  as  simple  sugars,  chiefly  dextrose,  but 
probably  also  some  levulose  and  galactose.  These  simple  sugara 
constitute  the  important  glycogen  formers.  \\  ith  regard  to  the 
proteins  there  is  still  some  difference  of  opinion  as  to  whether  all 
of  them  are  capable  of  yiekling  glycogen  to  the  body.  Some 
physiologists  believe  that  after  the  nitrogen  is  split  off  to  form 
urea,  the  non-nitrogenous  portion  of  the  molecule  may  be  synlbe- 
sized  to  sugar  in  the  liver,  and  thus  become  a  possible  source  nf 
glycogen.  It  may  be  said,  perhaps,  that  this  view  is  accepted 
generally  at  the  present  time.  Others  have  hold  that  only  tho* 
proteins,  such  a.s  cgg-all>un»in,  which  contain  a  carbohydrate 
grouping  in  the  mok'culo,  are  capable  of  yielding  glycogen  in  the 
body.*  The  store  of  glycogen  in  the  lx>dy  is  about  equally  di\id«'<i 
between  the  liver  and  the  muscular  tissues,  and  it  is  estiroatwl 
that  in  man  each  of  these  dt''p6t.s  may  contain,  at  a  maxinmni, 
about  150  gms.  The  regulation  of  the  jsupply  of  .sugar  to  the  bloo«l 
la  usually  attribut.ed  to  the  liver.  This  regulation  is  adjusted  so 
that  the  percentage  of  sugar  in  the  blood  is  kept  astonishingly 
constant,  between  0.1  and  0.2  per  cent.,  not  only  during  the  condi- 
tions of  ordinary  living,  but  under  such  an  abnormal  condition 
as  prolongtKl  starvation.  It  is  as.smnetl  that  this  constancy  of 
composition  is  eflected  mainly  by  an  enzyme  formed  in  the  liver 

*Spe  PflUgRr,  in  "'.^rchiv  f.  die  Resammte  Physiologie,"  96,  I,  1908,  for 
literature  and  cliscuistjon. 
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cells,  which  convprts  the  glyooppn  to  tlpxtrose  in  proportion  as  the 
sugar  of  the  blood  is  usfd  up  by  the  tissues. 

The  Intermediary  Metabolism  of  the  Carbohydrate  in  the 
Body. — Eventually  tlie  carbohycirate  of  the  hotly  Is  oxiilizcft  in 
the  tissues  with  the  formation  of  carbon  dioxid  and  water.  Much 
uncertainty  prevails,  however,  as  to  tlie  steps  and  means  by  which 
this  oxidation  is  effet'tod.  Reference  has  ah*eady  been  made  to  the 
iportant  fact  that  the  internal  .secretion  of  the  pancreas  is  neces- 
sary to  this  process  (p.  870).  .\ccording  to  Cohnheim's  experi- 
ments, this  secretion  furnishes  an  acti\ating  sub.stance  which 
enables  the  enzymes  of  the  muscles  atTd  other  tissues  to  attack 
the  sugar.  The  sugar  is  probably  broken  down  and  oxidized  Ijy 
he  successive  action  of  a  number  of  enzymes,  with  the  formation, 
herefore,  of  a  numJier  of  intermediate  products,  the  entire  process 
being  designated  frequently  by  the  term  glycolysis.  Our  know- 
ledge at  present  is  not  sufficient  to  warrant  p<jsitive  statements 
concerning  tlie  exact  nature  of  these  intermediate  processes.  Two 
general  point.s  of  view  have  been  advocated.  According  to  some 
oljservers  the  sugar  molecule  first  undergoes  a  sj)litting  process, 
and  the  split  products  are  subsei|uently  acted  upon  by  oxidases 
and  converted  to  carbon  dioxitl  and  water.  The  following  stepa 
have  been  suggested.*     First  a  cleavage  to  form  lactic  acid: 


C.H„0,  =  2((".IIA) 

DexttOBe.       Lactic  acid. 

Then  a  second  cleavage  to  form  alcohol  and  carbon  dioxid: 


c,H,o,  =  CO,  +  r,iT,nri 

Lactic  aoid.  Ethyl  alcohol. 


,  Thus  far  the  process  would  I'esemble  that  which  takes  place  in 
^^aJcoholic  fermentation,  in  which  the  sugar  is  broken  down  to 
alcohol  and  carbon  dioxid  by  the  action  of  zymase.  This  primary 
splitting  action,  in  which  only  a  small  part  of  the  chemical  energy 
contained  in  the  sugar  molecule  is  liberated  in  the  ffirm  of  heat, 
is  then  followed  by  the  strongly  exothermic  reactions  of  oxidation. 
The  alcohol  is  oxidized  successively  to  acetic  and  formic  acid  and 
finaliy  to  carbon  dioxid  and  water.  Others  have  assumed  that  the 
sugar  undergoes  a  series  of  oxidations,  without  preliuiinar}'  cleav- 
age, with  the  fnrination  of  .such  intermediate  products  a.s  glycuronic 
»acid  and  oxalic  acid,  both  of  which  are  undoubtedly  formed  in  the 
bod)',  since  they  are  founri  in  small  quantities  in  the  urine.  A 
Bericfi  of  oxtilnt  inns  may  occur  such  as  is  represented  in  the  follow- 
ing formulas: 

•See  Btichnw  ant!  Mciaenhf^inHT,  "Rprichtc  d.  dcutMoh.  Chem,  Gcsell- 
Bchaft,"  38  620,  lOO.'i;  and  SUjklusc,  ihid.,  p.  664;  and  for  negative  results 
Harden  and  Maclean,  "Journal  of  Physiology,"  42,  64,  1911. 
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CILOH  COOH  COOH  OOOH 

(CHDH)4  (CHOH)«  (CHOH)«  COOH 

(X)H  OOH  COOH 

DortroM.  QlyeunNtio  add.  SMeharie  add.  OnBo  Mid. 

We  are  certain  at  present  only  of  the  fact  that  the  final  produeti 
are  carbon  dioxid  and  water — that  is,  complete  oxidation  products 
— and  that  in  some  way  the  internal  secretion  of  the  pancreas  is 
essential  to  the  process. 

Regulation  of  the  Sugar-supply  of  the  Body. — ^This  regula- 
tion is  of  the  greatest  importance  to  the  body,  since  any  distinct 
increase  in  the  percentage  of  dextrose  in  the  blood,  a  conditwn 
known  as  hyperglycemia,  is  followed  promptly  by  glycosuria,  that 
is,  the  appearance  of  sugar  in  the  urine.    It  has  been  suggested 
that  the  regulation  of  the  output  of  sugar  from  the  liver  is  con- 
trolled reflexly  through  the  nervous  system.    Some  evidence  for 
this  view  is  found  in  the  following  facts:  Bernard  discovered  (1855) 
that  a  puncture  of  the  medulla,  made  between  the  levels  of  origiB 
of  the  vagus  and  auditory  nerves,  causes  the  developmoit  of  a 
condition  of  glycosuria.    This  puncture,  known  as  the  "piqure" 
or  "sugar  puncture, "  fails  to  cause  glycosuria  if  the  animal  has  ben 
starved  previously  so  as  to  remove  most  of  the  glycogen  from  the 
liver  or  if  the  splanchnic  nerves  have  been  cut.    Moreover,  stimula- 
tion of  various  sensory  nerve  trunks,  the  vagus,  for  example,  cause* 
the  same  phenomenon,  and  in  human  beings  lesions  of  the  oentnJ 
nervous  system  may  likewise  develop  a  condition  of  glycosuria. 
These  results  liave  l)een  explained  in  two  ways.    The  puncture  or 
sensory  stimulation  may  act  upon  the   vasomotor  center  oi  the 
medulla,  cause  a  dilatation  of  the  blood-vessels  in  the  liver,  and 
thus  indirectly  accelerate  the  output  of  sugar;  or  these  stimuli  may 
act  upon  a  distinct  sugar-regulating  center  and  through  it  augment 
directly  the  conversion  of  glycogen  to  sugar  in  the  liver.     Accordini; 
to  tills  latter  view  the  efferent  fibers  from  the  center  reach  the  \i\tf 
via  the  splanchnic  nerves.     If  such  a  nervous  nie<-hanism  exi^> 
it  affords  a  suitable  means  for  the  adjustment  of  the  supply  of 
sugar  to  the  neetls  of  the  ti.ssues,  particularly  the  muscles.    The 
contractions  of  the  muscles  and  the  heart  by  exciting  their  contained 
sciKsory  filers  niigitt  Ix;  su]}posed  to  stimulate  reflexly  the  sugar 
center  juid  thus  i>rovide  an  increased  output  of  sugar  in  proportioD 
to  the  extent  of  the  contractions  (Pfliiger).     While  this  theory  i* 
attra«tive.  it  has  not  yet  received  definite  experimental  proof- 
It  is  certain,  however,  that  by  some  means,  chemical  or  ner>ous- 
the  supply  of  .sugar  from  the  hver  is  regulated,  and  that  under 
various   unusual   and   pathological   conditions   this  r^^lation  i^ 
l»roken  ilown  with  the  production  of  conditions  of  In-perglycenua 
and  glycosuria.     It  is  interesting,  from  a  physiological  standpoiDt, 
to  nH'uU  that  glycosuria  may  result  temporarily  from  too  gresl 
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ingestion  of  carbohydrate  food  (see  Alimentary  Glycosuria,  p. 
789).  The  liver  in  this  ease  get-s  more  sugar  than  it  can  convert  to 
glycogen,  and  an  excess  gets  through  into  the  general  firfulation. 

Pancreatic  Diabetcs.^i>otne  of  the  facts  regarding  this  form 
of  diabetes  are  described  on  p.  8t)9.  The  immediate  cause  r>f 
the  dialietes  is  the  increased  percentage  of  sugar  in  the  blood 
(hyperglycemia).  This  result  finds  it.s  most  probable  explanation 
in  the  view  that  the  loss  of  the  internal  secretion  of  the  pancreas 
robs  the  tissues  of  their  power  to  raetalxjlize  the  sugar. 

Diabetes  Mrtlitus. — In  this  severe  and  usually  fatal  disease  the 
amount  of  sugar  lost  daily  in  the  urine  may  be  verj'  large.  In  severe 
forms  of  the  disease  practically  all  the  carbohydrate  of  the  food  may 
*be  eliminated  in  the  urine  in  the  form  of  sugar,  and  even  when  the 
diet  contains  no  carbohydrate,  or  during  complete  starvation,  sugar 
continues  to  be  s<>crete<l  in  the  urine  in  considerable  amounts.  In 
these  latter  cases  the  sugar  is  supposed  usually  to  have  its  source 
in  the  proteins  of  the  food  or  of  the  body,  a  view  which  is  supported 
by  the  fact  that  the  amount  of  nitrogen  and  dextrose  excreted  in 
the  urine  may  exhibit  a  constant  proportion  to  each  other.  The 
ratio  of  doxtrose  to  nitrogen  (D  :  N)  is  given  as  3.65  to  1.* 
Special  cases  have  l>een  reported,  however,  in  which  the  ratio 
exceeded  these  figures.  The  general  and  specific  symptoms  observed 
in  diabetes  meUitus  closely  resemble  those  observed  upon  dogs 
suffering  fiom  pancreatic  diabetes.  It  .seems  probable,  therefore, 
that  in  man  the  conilitioii  of  diabetes  may  also  be  due  in  the  first 
place  to  some  trouble  in  the  pancreas  which  preventJ>  it  from  giving 
off  its  normal  interna)  .secretion.  Whether  or  not  the  activity 
of  the  pancreas  is  iiujjaired  in  all  these  cases,  the  majority  of  those 
who  have  .studied  the  s\d»ject  agree  that  the  final  difficulty  lies 
in  the  fact  that  the  tissues,  especially  the  nniscular  tissues,  can 
(>t  utilize  the  sugar  brought  to  them  by  the  blood.  Some  writens 
take  an  entirely  different  imint  of  view,  holding  that  the  difliculty 
lies  not  in  the  consumption  id  sugar  by  the  tissues,  but  at  the 
other  end,  namely,  in  the  prnj)er  handling  or  a.s.siijulati«m  of  the 
sugar  as  it  is  absorbed  from  the  alimentary  canal,  or  in  an  increased 
production  of  sugar  in  the  body.f  But  a.ssuming  the  correctness 
of  the  usual  view,  it  has  been  a  ijuestion  as  to  wliat  part  of  the 
process  of  glycolysis  is  affected.  .Acconliiig  to  experimental 
results,  J  it  would  setun  that  the  dial>eti<'  individual  can  still 
oxidize  substances,  such  as  glycuronic  acid  or  saccharic  acid, 
which  are  do.sely  similar  to  the  sugar  in  structure,  and  form 
pos-sibly  normal  intennediary  proilucts  in  its  metabolism.     It  has 

•  Liwk,  '"KU'mciit.s  of  (ho  .S<Hcncc  of  Nutrition,"  PhiludHplua. 
I        t  Pnvy,  "l/jmcet."  Nov.  21  and  2H,  nmi  Dec.  12,  190S;  for  literature  on 
rlhe  motaholiain  of  Diabetes,  sec  Lask,  "  .Archives  of  Infernal  Mcilicine,"  Feb., 
1909;  and  Mapius-Ix'vy,  "The  Mwlicul  Hwonl."  Dec.  3,  1910. 

J  Set-  Baumgarten,  "Zeit.  f.  exi>.  Path.  u.  Ttu-raiae,"  2,  53,  1905. 
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been  suggestwl,  therefore,  that  tlie  difficulty  lies  in  the  preparatory 
fieavage  of  the  sugiir,  which  fits  it  fur  oxidation.  The  eniymes 
that  produce  this  preliniinary  rleavage  may  be  inactive.  In 
addition  to  the  sugar  found  in  the  urine  in  diabetes,  this  secretion 
may  also  contain  considerable  amounts  of  the  acetone  bodies, 
namely,  <*-oxybutyric  acid,  iiceto-acetic  acid,  and  acetone.  It 
is  probable  that  these  bodies  represent  intermediary  products 
in  the  metab<ili.sm  of  tlie  fats  of  the  body  which  escape  oxidation, 
and  they  appear  in  the  urine  of  the  diabetic  either  because  ilie 
power  of  the  tissue»s  to  oxidize  their  fatty  foods  has  also  be<'i)itie 
impaired  or,  as  seems  possible  in  the  beginning,  at  least,  simply 
because  in  the  loss  of  the  power  to  utilize  the  energ}'  of  the  cjirbo- 
hydrates  the  tissues  consume  more  fat,  and  whenever  the  f»t 
consumption  is  large  it  is  likely  to  be  incomplete,  that  is.  some  of 
the  intermediary  products  fail  of  oxidation  and  pass  into  the 
general  circulation    (see  p.  896). 

PMorhizin  Dialtffwr.^Phlorhizin  is  a  vegetable  glucoside  ob- 
tained from  the  root^j  of  certain  tree»— e.  g.,  apple,  pear.  When 
injected  into  an  animal  it  causes  a  glycosuria  which  is  temporarj'. 
but  which  may  l>e  renewed  by  repeated  injections.  Flxamination 
of  the  blood  in  this  case  reveals  the  fact  that  the  percentage  of 
sugar  is  not  increased,  so  that  the  immediate  cause  of  the  glycosuria 
is  different  from  that  .responsible  for  the  lUabetes  of  man  or  of 
animals  without  the  pancreas.  A  satisfactory'  explanation  of  the 
action  of  the  phlorhizin  has  not  yet  been  obtained,  but  it  would 
seem  that  the  drug  acts  in  some  way  upon  the  kidney  itself — that 
is,  the  tissues  of  the  body  are  prolmbly  still  able  to  metabolize  the 
sugar,  but  the  blootl  is  continually  depleted  of  this  substance 
through  the  kidney  :  it  leaks  ofT  through  the  kidney  faster  than  it 
can  be  utilized  by  the  tissues.  The  evidence  at  hand  seems  to  indi- 
cate that  the  sugar  (in  part  at  least)  exists  in  the  blood  in  some 
form  of  colloidal  combination,  and  that  under  the  influence  of  the 
phlorhizin  the  kidney  breaks  up  thi;?  combination  and  eliminates 
the  sugar.* 

From  this  brief  description  of  the  fate  of  the  carbohydrate 

in  the  body  it  is  evident  that  its  history  as  a  food-stuff  might 

be  considered  conveniently  under  three  heads,  namely,  its  supply, 

its  storage,  and  its  consumption.     The  supply  is  regulated  by  the 

diet.     In  the  usual  diet  carbohydrate  constitutes  the  chief  and 

al.so  the  most  variable  factor.     Ita  cheapness,  its  ease  of  digestion 

and  of  consumption  make  it  the  most  convenient  and  economical 

source  of  energy  to  the  body.     When  our  energj*  needs  are  large, 

as  in  muscular  work,  the  carbohydrate  portion  of  the  diet  is 

*  For  more  corn]»lct^>  ileliiilH  iiiid  the  litL-ratdn-,  sec  Maoleod,  "The  Metal)- 
olism  of  the  (.'arbohydrates "  in  "Recent  Advances  in  Physiology,"  LonJoQ 
and  New  York,  1906,  and  V.\i»V..  lot.  cU. 


increased ;  when  the  energy  needs  are  small,  as  in  a  sedentary 
life,  the  amount  of  carbohydrate  is  reduced.  The  storage  of 
carlx)hydrate  in  the  l»dy  is  provided  for  temporarily  by  the 
glycoRenetic  function  of  the  liver  and  the  muscles.  This  function 
may  be  derangeil  fur  a  time  by  injuries  to  the  central  nervous 
system,  in  which  case  hyperglycemia  and  glyco.suria  result.  Or 
the  glycogenetic  function  may  be  imulequate  to  handle  all  the 
sugar  absorlietl  from  the  alimentary  canal  (alimentary  glycosuria), 
and  in  this  case  also  there  is  a  temporary  hyperglycemia  and 
glyct)suria.  At  the  consumption  eml  the  amount  of  sugiT 
destroyed  is  controlled  by  the  energy  needs  of  the  tissues,  espe- 
cially of  the  muscles.  Failure  to  {lestroy  the  sugar  at  this  point 
brings  on  also  a  hyperglycemia  and  glycosuria  of  a  more  serious 
nature. 

Our  sugar-regulating  mechanism  in  fact  may  break  down  in 
one  of  four  general  ways,  which  may  lie  tabulated  briefly  as 
follows: 

1.  Conversion  of  sugar  to  glycogen  (liver)  breaks  down  in 
alimentary  glycosuria. 

2.  Conversion  ui  glycugen  to  sugar  (liver)  breaks  down  in 
injuries  to  the  central  nervous  system,  etc. 

3.  Glycolysis  of  sugar  (musi^les  and  other  tissues)  breaks  down 
in  diabet«s  mellitus  and  pancreatic  diabetes. 

B       4.  The  normal  impermeability  of  the  kidney  breaks  down  in 

^phloridzin  dialietes. 

Functions  of  the  Carbohydrate  Food. — The  general  value  of 
the  carbohj'drate  food  to  the  organism  may  be  summarized  as 
follows:  (1)  It  furnislies  a  source  of  energy  for  the  needs  of  the 
tissue  ceils  and  patticularly  for  muscular  work.  It  will  be  remem- 
bered that  the  glycogen  of  a  muscle  disappears  in  pr(»portion 
to  the  work  done  by  the  miisde,  and,  indeed,  prolongeci  muscu- 
lar work,  especially  during  starvation,  may  wijie  out  quickly  the 
entire  store  of  glycogen  in  the  body,  in  the  liver  as  well  as  in 
the  niu.scles.  It  is  usually  beltevetl,  therefore,  that  the  oxida- 
tion of  the  sugar  furnishes  energ}'  which  by  the  machinery  of 
the  iiiusctes  is  utilizetl  to  do  work, — that  is,  to  cause  nmsndar 
contractions.  It  seems  probable  that  under  normal  conditions  this 
material  furnishes  the  main,  if  not  the  sole  source  of  enei^  for 
muscular  work.  (2)  The  oxidation  of  the  sugar  furnishes  an  ia>- 
portant  part  of  the  constant  supply  of  heat  needed  by  the  body. 
Each  gram  of  sugar  on  oxidation  yields  4  Calories  of  iieat,  and, 
since  the  carbohydrates  form  the  largest  part  of  our  diet  and  are 
easily  oxidized  in  the  body,  they  must  be  regarded  as  an  espei^ially 
available  material  for  keeping  up  the  supply  of  animal  heat.  The 
lai^est  part  of  the  enei^'  liberated  by  the  o.xidation  of  sugar  in  the 
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muscles  during  contraction  takes  the  form  of  heat,  and  even  dur- 
ing muscular  rest  the  condition  of  tone  is  probably  attended  by  a 
constant  oxidation  of  this  material.  (3)  The  oxidation  of  the  sugar 
protects  the  protein  of  the  body.  Attention  has  already  been 
called  to  the  fact  that  an  animal  may  be  kept  in  nitrogen  equilibrium 
on  a  relatively  small  protein  diet  provided  carbohydrates  (or  fats) 
are  also  eaten.  One  may  say,  in  fact,  that  as  the  carbohydrate  food 
is  increased  the  protein  food  may  be  diminished,  down  to  a  certain 
irreducible  nrinimum  which  is  probably  the  amount  necessary 
for  the  reconstruction  of  new  tissue.  From  the  chemical  com- 
position of  carbohydrates  it  Ls  evident  that  they  alone  cannot  aerfe 
to  build  up  protoplasm.  An  animal  fed  on  carbohydrate  food 
alone,  no  matter  how  abundant  the  supply,  would  eventually 
starve  to  death.  Within  certain  limits,  however,  the  carbohy- 
drates are  protein  sparers;  the  energy  provided  by  their  oxidation 
keeps  up  the  supply  of  heat  and  enables  the  mxiscles  and  the  other 
tissues  to  obtain  the  energy  necessary  for  their  special  kind  of 
work,  and  to  this  extent  the  carbohydrates  protect  the  living 
protein  from  consumption  and  enable  us  to  reduce  the  proton 
material  in  our  diet.  Experiments  show,  in  fact,  that  carbo- 
hydrate is  much  more  efficient  as  a  sparer  of  protein  than  fat. 
An  animal  fed  on  carbohydrates  alone  loses  less  protein  from  the 
body  than  when  kept  on  a  fat  diet  containing  the  same  amount  of 
heat  energy,  and  the  minimal  amount  of  protein  upon  which  the 
body  may  be  kept  in  nitrogen  ec}uilibrium  is  much  lower  when 
the  protein  is  combinetl  with  an  abundant  supply  of  carbohydrate 
than  in  the  case  of  a  diet  of  protein  and  fat  together.  It  would 
seem  that  the  body  must  always  have  sugar  to  oxidize.  If  this 
material  is  not  fumLshetl  in  the  food,  it  is  obtained  by  breaking 
down  the  body  protein  itself,  a.s  is  indicated  by  the  continued 
formation  of  sugar  in  diabetes  and  also  by  the  fact  that  even  in 
prolonged  starvation  the  sugar  contents  of  the  bUxnl  are  kept  at 
a  nornml  level.  (4)  Any  excess  of  carbohydrate,  taken  as  food, 
beyond  the  power  of  the  tis.sues  to  store  as  glycogen  may  lie 
synthesized  to  form  fat.  Nutritional  exi)eriment«.  descril>ed 
below,  leave  no  doubt  that  the  fat  of  the  body  may  be  formed 
from  carbohydrate  food.  It  is  stated  that  the  fat  of  the  ImxIv 
having  this  origin,  .so-called  carbohydrate  fat.  Ls  of  a  m<»re  st>lid 
consistency  than  the  fat  derived  from  other  sources. 

Nutritive  Value  of  Fats. — The  fats  of  f(X)d  are  al>Horl>ed  into 
the  lacteals,  chiefly  as  neutral  fats — the  so-called  chyle  fat.  The 
chyle  fat  is  trunsportwl  to  the  blood  by  way  of  the  great  thoracic 
duct,  and  after  it  is  poured  into  the  bUxKl  it  remains  in  the  cir- 
culation for  a  ronsi<leral)le  time,  l^eing  slowly  picked  t)ut  by  the 
tissues  which  can  u.se  it  in  their  metabolic  processes.     Within 
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these  tissues  it  is  oxidized  to  supply  the  enerp:\'  needs  of  the  tells. 
The  final  i>roducta  of  the  oxidation  are  the  same  jus  when  fat  is 
burnt  outside  the  body — namely.  TOj  and  HjO — and  a  corre- 
sponding amount  of  energy  must  be  liberated .  Speaking  generally, 
then,  the  essential  nutritive  value  of  the  fats  is  that  they  furnish 
energj'  to  the  Ixxiy,  and,  from  a  chemifal  standpoint,  they  must 
contain  more  a\'ailable  energy,  weight  for  weight,  than  the  proteins 
or  the  carbohydrates.  In  a  well-nourished  animal  a  large  amount 
of  fat  is  f(»und  normally  in  the  adipose  tissues,  particularly  in  the 
stHcalled  "panniculus  udipttsus"'  beneath  the  skhi,  in  the  folds 
of  the  peritoneum,  etc.  Physiologically,  this  body  fat  \s  to  be 
regarded  a.s  a  re.serve  supply  of  nourishment.  Wlien  fatty  food 
is  eaten  and  absorbe<^^l  in  excess  of  the  actual  metabi>lic  procesaes 
of  the  body,  the  exces.s  is  stored  in  the  adipose  tis.suR  as  fat,  to  be 
drawn  upon  in  case  of  nee<i — as,  for  instance,  iluring  partial  or 
complete  starvation.  A  starving  animal,  after  its  small  supply 
of  glycogen  is  exhausted,  lives  entirely  upon  body  proteins  and 
fats;  the  larger  the  supply  of  fat,  the  more  effectively  will  i\w 
protein  tissues  be  protected  from  dp.structii«i.  In  accordance  with 
this  fact,  it  has  been  shown  that  when  subjectetl  to  complete 
starvation  a  fat  animal  survives  longer  than  a  lean  one.  Our 
supply  of  fat  is  called  upon  not  only  during  complete  abstention 
from  food,  but  also  whenever  the  diet  is  insufficient  to  cover  the 
oxidations  of  the  body,  as  in  deficient  food,  sickness,  etc. 

The  Intermediary  Metabolism  of  the  Fat. — The  fat  absorbed 
as  food  may  teniporarily  subserve  several  tlifTerent  purposes;  (1)  It 
may  \)e  oxidized  with  the  formation  of  heat  energj-.  (2)  It  may 
be  stored  in  the  tissues  aa  part  of  the  body  fat.  (3)  It  may  be 
synthesized  with  other  substances  to  form  s<;)me  more  complex 
constituent  of  the  body,  such  as  lecithin.  (4)  According  to  some 
authors,  it  may  serve  under  certain  conditions  as  a  source  of  sugar. 
This  latter  suggestion  is  not  supported  by  convincing  experiments. 
The  final  fate  of  the  fat  in  the  body  is,  however,  to  be  oxidized  to 
water  and  carbon  dioxid.  The  nature  of  the  processes  involved 
is  not  understood.  It  is  generally  believed,  however,  that  the 
first  step  is  the  splitting  of  the  fat  into  fatty  acid  and  glycerin 
under  the  influence  of  the  lipase  foimd  in  so  many  of  the  tissues 
of  the  body.  The  fat  that  lies  in  the  storage  tissues — skiu,  peri- 
toneum, etc. — does  not  undergo  nxidatitm  in  these  places.  In 
times  of  need  it  is  absorbed  and  distributed  to  the  more  active 
tissues,  and  in  this  initial  process  of  solution  it  is  probable  that  a 
regulative  influence  is  exerted  by  the  lipase  as  suggested  by  Ix)even- 
hart  (see  p.  733).  That  is,  by  its  reversible  action  this  enzyme 
may  control  the  output  of  fat  to  the  blood,  as  the  .supply  of  sugar 
in  the  blood  is  kept  constant  by  the  diastjitie  enzyme  of  the  Uver. 
After  the  action  of  the  lipase  we  can  only  say  that  oxida.tvsT\ 
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takes  place,  but  through  how  many  stages  is  not  known.  It  seems 
probable  that  the  long  carbon  chain  of  the  fata  (stearic  acid  =  CH«- 
(CH;)i„COOH)  is  deprived  in  succession  of  its  carbon  atoms  by 
oxidation,  with  the  formation  of  .simpler  fatty  acids,  but  little 
positive  evidence  bus  been  ol>tained  of  int/ermediate  products. 
Perhaps  the  most  significant  fact  known  bearing  upon  this  jwint 
is  that  under  conditions  which  involve  a  large  destruction  of  fat 
in  the  body,  as  in  starvation,  fevers,  and  especially  in  diabetes, 
^-oxy butyric  acid  together  with  aceto-acetic  acid  and  acetone  we 
excreted  in  the  urine.  These  tin-ee  substances  are  designated  as 
the  acetone  bodies,  and  their  appearance  in  the  urine  makes  the 
condition  known  a'i  acetonnria.  The  oxybutyric  acid  may  be 
regarded  as  the  source  of  the  other  two,  as  may  be  inferred  from 
their  formulas.  /3-oxybutyric  acid  ^  CH,CHOHCH,COOH  By 
oxidation  this  yields  aceto-acetic  acid,  CHjCCX'H.COOH,  and 
this  by  loss  of  COj  is  converted  to  acetone,  CH,COCH,.  The 
evidence  seems  to  show  that  the  oxybutyric  acid  arises  from  the 
fats,  and  it  represents  probably  one  of  the  simpler  fatty  acids 
fiiruied  in  the  internierliate  metabolism  of  the  fats.  There  is 
some  indicati<5n  also  that  the  liver  cells,  along  with  their  numerous 
other  functions,  are  concerned  in  some  of  the  intermediary  st»g» 
of  fat  metabolism.  Under  abnormal  conditions,  such  as  phos- 
phorus-poisoning, the  fat  of  the  adipnse  tissues  is  traiisported 
ti>  the  liver,  and  it  is  suggested  that  this  transportation  may  be 
a  normal  process,  that  before  the  neutral  fat  is  actually  oxidized 
or  is  converted  into  the  phosphoru.s-containing  fats  of  the  tissues 
{lecithin,  etc.),  it  Ls  acted  upon  by  the  liver,  possibly  in  the  wavof 
desaturating  the  fatty  acid.s,  since  the  fat  actually  found  in  the 
liver  contains  more  unsaturated  fatty  acids  than  the  storal? 
fat  of  the  atlipose  tissues.  Whatever  may  be  the  real  nature  oi 
the  connection,  both  microscopic  and  chemical  eviilejice  indicates 
that  the  liver  is  concerned  in  some  phase  of  fat  metabolism.* 

According  to  tlie  fxperimcnts  of  Knoopt  the  oxidation  of  the  fatty  arid* 
bo^ins  witii  the  carbon  occupyinje;  tlir-  l)ota  position.  In  the  ca.sc  of  f>tiiyiif 
acid  this  would  result  at  once  in  the  formation  of  ^-oxybutyric  acid.  In  ik 
case  of  liighcr  fatty  acids  containing  an  even  number  o{  carbon  atom*  a 
Bimilar  process  would  nwnlt  in  the  formation,  firsl,  of  but>Tic  acid  and  then 
of  the  ,J-oxybutyrip  acid.  The  eeriee  of  oxidations  of  caproic  acid  may  be 
represented  as  follows:  J 


C.H,CH,CH,COOH 

Caproic  acid. 

C,H,CHOH(.'H,COOH 

CH,CFT,CH,CnOH 

Butyne  arid. 


-  C,H,rHOHCH,COOH 

Oxymproic  arid. 

-  C,H,COOH     -t-     2H,a 

Butyrie  acid. 

CH,CHOHCH,('OOH 

^oxybutyrip  acid. 


*  For  discu*wion  and  facte,  see  Leallies,  "Lancet,"  Feb.  27,  1900. 

t  Knoop,  ••Hofmeister's  Beitrftgc, "  6,  150,  1904. 

i  Lttak,  "  Arc\uvea  q\  \TvVeTna\  Vl«i\c\nft,"  Feb.,  1909. 
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view,  fatty  acids  with  an  odd  number  of  carbon  atoms  cannot  yield 
utyrir  acid.  Sonio  of  i!k>  nnuiKi-nciiJH  derived  from  the  hydrolysis  of 
n,  icuciii,  for  exampk*,  may,  howpver,  serve  aa  a  source  of  this  acid,  ao 
t  in  this  way  tiie  protein  of  tlie  food  a-s  well  as  the  fat  may  be  respoiuible 
'or  the  presencp  of  this  acid  in  (iiBl)etei(.  The  inability  of  the  t  istruea  to  oxidize 
sugar  in  tiie  case  of  diabt-les  is  astiociated  iu  many  instances  with  a  loss  of  llie 
power  of  oxidizing  the  ;3-oxybntyric  acid,  btit  the  reaj^on  for  this  relationship 
IS  not  clear.  To  the  extent  that  the  ^oxybmyric  acid  is  not  burnt  and  not 
excreted,  it  accuniulftte«  in  t  he  botiy  and  produces  a  condition  of  acidosis  which, 
turn.  Lb  responsible  for  the  development  of  diabetic  coma. 


Origin  of  the  Body  Fat. — The  views  mxni  the  origin  of  body 
fat  have  undergone  a  nutnher  of  changes  in  tJie  hist  fifty  or  sixty 
years,  illustrating  in  an  interesting  way  how  development  of  our 
experimental  methods  teaila  often  at  first  to  half-truths  which  nre 
corrected  later  hy  more  extensive  work.  Dnmas  and  others  (1840) 
held  to  the  natural  view  that  tfie  fat  of  the  body  originates  directly 
from  the  fat  of  the  food.  Liebig,  applying  his  more  exact  method.s. 
demonstrated  that  in  some  caries  at  least  this  source  ia  insufficient 
to  account  for  all  the  fat.  The  fat  yielded  by  the  milk  of  a  cow 
for  instance,  may  Ije  greater  in  quantity  than  the  fat  contained 
in  the  food.  He  also  pointetl  out  that  the  fat  of  each  species  of 
animal  is  more  or  less  peculiar,  the  fat  of  the  sheep  having  a  higher 
melting  point  than  pork  fat,  and  both  differing  in  composition  from 
the  fat  taken  as  food.  "In  hay  or  the  other  fodder  of  oxen  no 
beef  suet  exists,  and  no  hog's  lard  can  l>e  foimd  in  the  potato  refuse 
given  to  swine. "  He  was  led  to  attribute  the  source  of  body  fat 
chiefly  to  the  carbohydrate  food,  and  this  belief  agreed  well  with 
the  experience  of  agriculturists  as  to  the  use  of  such  foods  in  fatten- 
ing animals  for  market.  This  view,  in  turn,  was  displaced  by  the 
theory  of  Voit,  supported  by  elalwrate  feetling  experiments.  Voit 
believed  that  the  fat  of  the  body  is  formed  mainly  or  entirely  from 
the  protein  of  the  food,  the  carbohydrate  and  the  fat  of  the  diet 
ijeing  useful  only  to  protect  a  part  of  tliis  protein  from  oxidation. 
Voit's  experiments  have  been  shown  by  Pfluger  to  have  been  based 
upon  erroneous  analyses  of  the  meat  used  in  his  experiments.  Voit 
assumed  that  in  this  meat  the  ratio  -q-  is  equal  to  1.34  to  1.37,  while 
Pfiiiger  showed  that  it  is  lower,*  1.33.  The  modem  point  of  view 
is  that  the  fat  of  the  body  originates  partly  from  the  fat  of  the  food, 
particularly  in  camivora,  and  partly  from  the  carbohydrate  of  tjhe 
food,  especially  in  herbivora,  in  whose  diet  this  foodstuff  forma 
such  a  large  part.  Whether  under  any  circumstances  the  pro- 
tein food  may  also  serve  as  a  source  of  body  fat  is  still  an  open 
que-stion.  According  to  the  view  of  protein  metabolism  given 
in  the  preceding  pages,  the  possibility  of  a  formation  of  fat  from 
pn>tein  food  must  be  held  in  view.     So  far  as  the  amino-acids 

♦  Pflttger,  "Archiv  f.  die  Kcsammte  Phyaiologie,"  51,  229,  1892.  and  77. 
621,  1899. 
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formed  from  the  food  protein  during  digestion  are  not  reconstrurted 
into  the  boily-protein  nf  the  animal,  they  are  deamidized,  andthj 
organic  acid  grouping  left  nmy  be  converted  to  sugar  and  glyntg^n, 
lience  probably  also  to  fat-  The  modem  point  of  view,  however, 
seems  clearly  to  be  that  Imdy  fat  is  formed  in  the  first  instance 
from  food  fat  and  food  t'ar})oh\'drates. 

Origin  of  Body  Fat  from  Food  Fat. — The  first  proofs  th»l 
the  food  fats  may  be  deposited  aa  such  in  the  fat  tissues  of  the 
body  were  obtained  by  feeding  foreign  fats  to  dogs  and  demon- 
strating that  these  fats  can  afterward  lie  recognized  in  ibe 
tissues  of  the  animals.*  Linseed  oil,  rape-seed  oil,  and  mutton-fat 
were  used  in  these  exjaeriments.  Secondly,  it  has  been  made 
probable  by  feeding  experiments  that  the  normal  fat  of  the  food 
undergoes  a  similar  fate.  Thus,  Hofmami  used  a  dog  weighini; 
26  kgms.  and  allowed  it  to  starve  untU  its  weight  was  reduced  to 
16  kgraa.  It  was  then  fed  for  five  days  on  a  little  meat  and  Urge 
quantities  of  fat.  At  the  end  of  that  time  it  waa  killed  and  analyzed. 
The  body  contained  1353  gms.  of  fat,  of  which  only  131  gnis.  could 
have  come  from  the  protein  uscmI,  assuming  that  this  materi*! 
can  serve  as  a  fat  former.  Much  of  the  fat  found,  therefore,  waa 
probably  derived  from  the  fat  of  the  food. 

Origin  of  Body  Fat  from  Carbohydrates.— That  the  body 
fat  may  have  this  origin  has  been  made  probable  or  certain  by 
feeding  experiments.  Thus,  Rubner  fed  a  dog  (5.89  kgms.)  for 
two  days  on  a  diet  of  sugar,  starch,  and  fat  whose  total  carbon 
content  was  equal  to  176.6  gms.  During  this  period  the  animal 
excreted  87.1  gms.  of  carbon.  There  were  retained  in  the  body, 
therefore,  89.5  gms.  carbon.  The  fat  fed,  4.7  gms.,  contained 
(4.7  X  0.77)  3.6  gms.  C.  The  total  nitrogen  excreted  during  ibis 
period  was  2.55  gms.,  which  indicated  a  metalwlism,  therefore,  i>f 
16  gms.  (2.55  X  6.25)  of  lx»dy  protein.  Making  the  improbnble 
assumption  that  all  of  the  carbon  of  this  protein  was  retained  in 
the  body,  this  would  account  for  8.32  gms.  C  (16  X  0.52);  so  thai 
3.6  -|-  8.32  or  12  gms.  C  might  have  originated  from  sources  other 
than  the  carbohydrate  of  the  food,  leaving,  therefore,  89.5—12 
or  77.5  gms.  of  C,  which  could  have  ari.sen  only  from  the  carbohy- 
drate. This  quantity  of  (;aiboii  could  have  l^een  retained  only  itf 
glycogen  or  fat.  .\llo\ving  for  the  greatest  possible  storage  of 
glycogen,  78  gms.  or  34.6  gm.s.  ('.  there  would  still  remain  42.9  gn». 
of  C,  which  coukl  have  bet-n  iftainpd  only  as  fat.  Numerou.s  other 
fattening  experiments  of  different  kinds  have  been  made  in  whirh 
it  ha.s  IxMm  shown  tliat  the  fat  laid  on  by  the  animal  <'ould  not  be 
accounted  for  by  the  fat  of  the  food,  nor  by  assuming  with  Voit  that 

♦Lebedeff,  "Centralblatt   f.  Hie  med.  Wi»s.,"  1881.  nnd    Munk, 
chow's  ArcUiv,"  aS,  WT,  \%&\. 
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It  originnted  from  tlu'  prott'in.  The  combined  testimony  of  these 
experiments  have  satisfied  physiologists  that  the  tissues  can  pro- 
duce fat  from  sugar.  The  ehemistr}'  of  the  change  is  not  understood 
and  cannot  I:»e  imitateil  in  the  lalioratur^'. 

The  Source  of  Body  Fat  in  Ordinary  Diets. — For  the  pur- 
poses of  dentnnstration  the  experiments  made  to  prove  the  origin 
of  bod\"  fat  from  carbohyth'nte  or  the  fat  of  food  have  made  use 
of  abnormal  diets  antJ  conditions.  It  would  be  a  matter  of  practical 
interest  to  ascertain  whether  irpon  normal  diets  the  fat  of  tlie 
body  arises  more  easily  from  the  fat  or  from  the  carlwhydrHte  of 
the  food.  While  the  question  is  one  to  which  a  positive  answer 
cannot  be  given,  it  seems  to  lie  probable  that  the  result  varies  with 
conditions  and  the  nature  of  the  animal.  Experience  seems  to 
show  that  carnivorous  animals  cat)  Ix'  fattened  more  e;isily  on  a 
fat  diet,  herbivora  on  a  carbohydrate  cUet.  In  animals,  like  our- 
Ives.  there  is  reason  to  believe  that  the  carbohydrates  are  more 
easily  and  more  quickly  destroyeil  in  the  lx)dy  than  the  fats,  and 
that,  therefore,  the  latter  may  be  more  readily  deposited  in  the  tis- 
sues, although  an  excess  of  carlH)hytlrate  l^vond  the  actual  needs 
of  the  body  will  ali^o  l>e  preserved  in  the  form  of  fat  or  glycogen.* 
The  Cause  of  the  Deposit  of  Body  Fat— Obesity.— Our 
experience  .shows  that  infiivirluais  differ  greatly  in  the  ease  with 
which  they  form  f,at.  Some  upon  reiutivelv  small  diets  fnrm  much 
fat,  while  others  renuiin  thin  in  spite  of  the  mgestion  of  large 
amounts  of  food.  Voit  lia-s  indicated  the  general  re;ison  for  this 
difference — namely,  that  it  depends  upon  the  capacity  of  the 
iJbody  to  destroy  food  material.  When  food  is  supplied  and 
absorbed  in  excess  of  this  cay>aoity  the  excess  is  stored  to  a  smi*ll 
extent  as  glycogen,  but  chiefly  us  body-fat.  As  stated  above,  this 
holds  true,  e.speciaHy  fur  fat  and  carbohydrate  foods,  which,  8])eak- 
ing  generally,  are  the  variable  parts  of  our  diet.  A  diet  which  will 
give  .such  an  exce.ss  to  one  infli\"idual,  may  in  the  body  of  am  ther 
of  the  same  weight  be  alt  consumed.  The  oxidizing  or  ii  etab- 
olizing  capacity  of  the  body  differs  in  different  individuals  and 
some  will  lay  on  fat  more  remJily  than  otliers,  becaui^e  for  them 
an  excess  of  material  is  providetl  by  a  relatively  small  diet.  Fun- 
damental differences  of  this  character  in  the  properties  nf  the 
protophism  are  frequently  transmitted  by  heredity  through  nany 
generations.  Those  individuals  who  show  little  tendency  to  lay 
on  fat  may  be  nuulo  to  do  .so  by  largely  increa.sing  the  air<^utit  of 
fat  or  carbohydrate  food,  or  more  certainly  by  altjr>ring  the  niode 
of  life.  A  sedentary  life.  al>sence  of  worry,  etc.,  may  lead  to  a 
tendency  of  this  kind,  while  a  ver\'  active  muscular  life  has  the 

♦  C'onFult  Ropenfeld,  "Ergebniuso  der  Physiologic,"  vol.  i.,  part  t.  1902. 
Complete  literature. 
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opposite  effect.  Men  who  lead  a  verj'  muscular  life — farmers, 
fishermen,  etc. — ai*e  rarely  disposed  to  accumulate  fat  to  a  notice- 
able degree-  So  also  the  use  of  alcoholic  beverages  may  indirectly 
favor  accumulation  of  fat,  partly  because  the  oxidation  of  the 
alcohol  protects  the  fats  and  carbohydrates  from  oxidation,  and 
partly  also,  perhaps,  liecause  long-continued  use  of  alcohol  may 
depress  the  oxidizing  capacity  of  the  tissues.  The  tendency  to 
form  fat  may  exhibit  itself  in  some  easels  to  such  an  extent  as  to  con- 
stitute an  iilmost  pathologicnl  rnudition.  Obesity  may  be  coun- 
teracted by  altering  the  mode  of  life,  especially  by  taking  much 
muscular  exercise,  atu!  by  reducing  the  diet,  so  that  the  total  amount 
of  calories  represented  do  not  exceed  one-half  to  three-fifths  tlwt 
recognized  as  the  usual  average  (see  p.  921).  The  diet  for  such 
purprxses  should  not  only  l)e  reduced  in  amount,  but  should  l*  a.s 
free  as  possible  from  exce.s.s  of  fats  and  carbohydrates,  consisting  of 
such  material  us  eggs,  fish,  lean  meat,  salads,  fruits,  etc.* 

Summary  of  the  General  Functions  of  Fat. — ^The  general 
functions  fulfilled  by  the  fats  may  be  summarized  briefly  under 
the  following  heads:  (1)  It  provides  a  store  of  reserve  food  which 
ia  used  by  tlie  bodj'  in  case  of  deficiency  of  food  or  complete  starva- 
tion. The  fattening  of  hibernating  animals  before  their  winter 
sleep  and  the  humps  of  the  camel  give  conspicuous  examples  of  this 
peculiarity.  (2}  By  its  oxidation  in  the  body  it  furnishes  a  part 
of  the  heat  energ\'  neces.sar>'  to  inaintiiin  the  body  temperature. 
On  account  of  its  high  combustion  equivalent  (1  gm.  of  fat  yields 
9.3  Calories)  fat  is  very  effective  in  this  respect.  Inhabitants 
of  cold  i-egions  choose  a  diet  rich  in  fat.  (3)  It  is  a  protein  saver. 
Like  the  carbohydrate  food,  its  oxidation  protects  the  protein  from 
consumption.  In  starvation,  therefore,  the  amount  of  protm 
destroyed  daily  Is  smaller  as  long  as  any  fat  remains,  and,  under 
ordinary  condition.^  of  life,  the  larger  the  amount  of  fat  in  the  tiiet, 
the  les.s  the  amount  of  protein  necessary'  to  maintain  the  Ixxiy 
in  nitrogen  equilibrium.  F^xijeriments  show  that  in  this  respect 
the  fat  Ls  not  so  effetrtive  as  an  equivalent  amount  of  carbohydrate 
food.  The  difference  Ls  referable  to  the  greater  difficidty  of 
oxidation  of  the  fatty  material. 

♦  For  praclifal  dircclioiie  conrcriiiriK  tlie  treat niont  of  ot)eitity  by  dietfnjt 
nee  (lautier,  "  L'alHueulBtioii  et  les  r^gimett,"  Paris,  ltH)4. 
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CHAPTER  XLIX. 

NUTRITIVE  VALUE  OF  THE  INORGANIC   SALTS  AND 
THE  ACCESSORY  ARTICLES  OF  DIET. 

f  The  Inorganic  Salts. — The  body  contains  in  its  tissues  and 
liquids  a  considerable  amount  of  iaoi^anic  material,  Wlien  any 
organ  is  incinerated  this  material  remains  as  the  ash.  If  we  in- 
clutle  the  bones,  which  are  rich  in  mineral  inatter,  the  average 
amount  of  ash  in  the  botly  amounts  to  about  4.3  to  4.4  per  cent, 
■of  its  weight.  The  bones,  however,  in  the  adult  contain  most  of 
this  ash  (five-sixths).  In  the  soft  tissues,  like  the  muscle,  the  ash 
constitutes  about  0.6  to  0.8  per  cent,  of  the  moist  weight.  The 
ash  consists  of  chlnrids,  phosphates,  sulphates,  carbonates,  fluorids, 
or  silicates  of  potassium,  sodium,  calcium,  magnesium,  tind  iron", 
iodin  occurs  also,  especially  in  the  th^Tuid  ti-ssues,  In  the  liquids 
of  the  body  the  main  salts  are  sodium  chlorid,  sodium  carbonate, 
sodium  phosphate,  potassium  and  calcium  chlorid  or  phosphate. 
In  considering  the  organic  footlstufTs  weight  was  laid  upon  their 
value  as  sources  of  energy,  as  well  as  u[H)n  their  fimction  in  am- 
structing  tissue.  The  salts  hove  no  importance  from  the  former 
standpoint.  Whatever  chemical  changes  they  undergo  are  not 
attende<l  by  any  liberation  of  heiit  energy — none  at  lea.st  of  sufTi- 
cient  importance  to  ije  considered.  They  have,  however,  most 
important  functions.  Tliey  mainhun  a  normal  composition  ami 
osmotic  pressure  in  tlie  hquids  and  tissues  of  the  botly,  and  by 
virtue  of  their  osmotic  pressure  they  play  an  important  part  in 
controlling  the  flow  of  water  to  and  from  the  tissues.  Moreover, 
the.«ie  sahs  constitute  an  es.sential  part  of  the  composition  of  living 
matter.  In  some  way  they  are  bound  up  in  the  structui-e  of  the 
living  molecule  and  are  necessary  to  its  normal  reactions  or  irrita- 
bility. Even  the  protein.s  of  the  Ijotly  Hquids  contain  definite 
amounts  of  ash.  and  if  this  ash  is  removed  their  properties  are 
seriously  altered,  :is  is  shown  by  the  fact  that  ash-free  native  pro- 
teins lose  their  property  of  coagidation  by  heat.  The  globulins 
are  precipitated  from  their  solutions  when  the  salts  are  removeil. 
The  special  importance  of  the  calcium  salts  in  the  coagulation  of 
blood  anil  the  curdling  of  milk  has  L)een  referred  to.  tx.s  also  the 
pei'ulinr  part  played  by  the  calcium,  potassium,  and  sodium  salts 
in  the  rhythmical  contractions  of  heart  muscle  and  the  irritability 
of  musculiir  and  nervous  tissues.     The  special  importance  of  the 
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iron  aalts  for  the  prnrluction  of  hemoglobin  is  also  evident  witbrnt 
comment.  There  can  be  no  doubt,  in  fact,  that  each  oneofilip 
salts  of  the  body  has  a  special  nutritive  value  and  a  sjiecial  mei- 
abolic  history.  The  time  will  doubtless  come  when  the  sfjecial 
inijiortanfe  of  the  potassium,  sodium,  calcium,  and  magnesium  will 
be  understood  as  well,  at  lea.st,  as  we  now  understsuid  the  signifi- 
cance of  iron,  and  t|uite  possibly  this  knowledge  will  find  a  ilireci 
therapeutic  application,  as  in  the  case  of  iron.* 

Fatal  EfiTects  of  Ash-free  or  Ash-poor  Diets. — Dogs  have 
been  fed  (Forster)  upon  a  diet  composed  of  ash-free  fats  and  cariio- 
hydrates,  and  meats  which  had  been  extracted  with  water  until 
the  salts  had  been  much  reduced.  The  animals  were  in  a  moribund 
condition  at  the  end  of  26  to  36  days.  It  is  probable  that  they 
would  have  lived  longer  if  deprived  of  food  entirely,  with  the  excep- 
tion of  water,  since  the  metabolism  of  the  abundant  diet  provided 
aided  in  increasing  the  loss  of  salts  from  the  body.  Lunin  has 
described  experiments  which  indicate  that  some  at  least  of  oui 
salts  must  be  provided  for  us  in  organic  combinations  such  as  are 
found  ill  plant  and  animal  foods.  In  his  experiments  he  found 
that  mice  lived  well  on  a  diet  of  dried  cows'  milk.  If  fed,  however, 
on  a  diet  containing  the  organic  but  ash-free  constituents  of  milk, 
— namely,  sugar,  fat,  and  casein, — together  with  the  extrarted 
salt.s  of  cows'  milk,  they  died  in  20  to  30  days. 

The  Special  Importance  of  Soditim  Chlorid,  Calcium,  and 
Iron  Salts. — Sodium  chlorid  occupies  a  peculiar  position  among 
the  inorganic  constituents  of  our  diet,  in  that  it  is  the  only  one 
which   we  deliberately   add   to  our  food.    The  other  inoT]ganic 
material  is  taken  unconsciously  in  our  diet,  but  although  sodium 
chlorid  exists  also  m  our  food  in  relatively  lai^e  quantities  we 
purposely  add  more.     It  is  estimated  that  the  average  man  in- 
gests from  10  to  20  gms.  a  day.     This  amount  seems  to  be  in  excen 
of  the  actual  necessities  of  the  l)ody,  since  on  experimental  dieu 
individuals   have  been   ke|)t   in  good   condition   when   the  total 
content   in  sodium   chlorid   was  reduced  to  one  or  two  grams, 
This  desire  for  salt   Is  exhibited   also  by   many  animals.    Tlie 
farmer  |>rovidcs  salt  for  his  stock  and  wild  animals  visit  tlie  salt- 
licks at  intervals.     liunge  has  called  attention  to  the  fact  that 
umong  juen  and  aniinahs  the  desire  for  salt  is  limite<l,  for  the  most 
part  at  least,  to  those  that  use  vegetable  food.     From  the  accounts 
of  travelers  he  shows  that  wlien  a  purely  animal  rliet  is  used  there 
is  no  desire  for  .salt;  but  on  a  vegetable  diet  there  is  a  craving  for 
it  %vhich  may  become  very  intense  and  unplea-sant  when  circum- 
stances  prevent    its    being    obtained.     He   offers    an    ingenious 

*  For  a  brief  summary  of  facts  and  speculations,  see  AJba  and  Neuberc 
"Physiologic  u.  Pat\vo\ope  AeaN^meraJL.-^iVo^'wwtVMftU,"  1906. 
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plauatiun  for  this  relatiuti.  Mnst  vpgptables  mntain  a  large 
amount  of  potassium  salts,  unci  in  the  I:ilo<nl  these  salts  reiiH  vvitli 
the  3udium  chlorid.  Thusi.  if  potiissium  sulphate  were  wUled  to 
the  blood  it  would  react  with  sodiimi  chlorid,  giving  some  potas- 
sium chlorid  and  S4)me  sodium  sulphate.  lioth  of  these  salts  will 
be  remo^'ed  by  the  kidneys,  sinre,  except  in  minute  anumnts,  they 
are,  so  to  speak,  foreign  to  the  blood.  Tiiis  latter  liquid  will 
thereby  lose  some  of  its  supjdy  of  soilium  salt,  whence  the  craving 
for  more  in  the  food.*  Koppe,t  on  the  contrary,  empliasize.'s  the 
fact  that  while  vegetable  foods  have  much  ash,  nin.st  of  it  i.s  in 
organic  conddnation  and  ntjt  in  diffusible  form.  \'egetable  food 
contains  but  little  salt  in  solulde  iurm  as  compared  with  animal 
foods,  hence  the  necessity  of  adding  sodium  chlorid.  The  con- 
tent of  the  blood  iii  sodium  chlorid  remains  remarkably  constant. 
VN'hen  an  excess  is  taken  in  the  food  it  is  removed  by  tlie  kidneys. 
On  a  salt-free  diet  or  in  starvatiijn  the  amount  of  sodium  chlorid 
secreteil  in  the  urine  soon  falls  to  a  low  figure  (0.6  gm.),  showing 
that  the  tissues  are  holding  on  to  this  constituent.  It  cannot  be 
doulited,  however,  that  under  ordinary  conditions  we  use  salt  in 
quantities  much  larger  than  is  nece,s,sary  tt>  nuiintain  the  sotlium 
chlorid  content  of  the  blood.  It  is  employed  us  a  condiment  for 
iUs  plejisant  flavor,  and  it  is  possible  that  its  use  is  often  carried 
to  excess.  It  can  be  showni,  in  fact,  that  by  increasing  the  intake 
of  .salt  an  edematous  condition  of  the  tissues  may  be  produced, 
owing  to  the  fact  that  the  salt  increast«  the  osmotic  pressure  in 
the  tis.sues.  So  also  in  conditions  of  edema  or  inflammation  restric- 
tion of  the  salt  of  the  diet  may  give  the  contrary  result  and  help  to 
restore  the  tissues  to  a  normal  state  as  regards  their  water  c<jntents. 
The  calcium  salts  of  the  body  (jlay  a  most  important  role  in 
connection  with  the  irritability  of  muscle  and  nerve  (p.  501). 
They  are  also  of  obvious  importance  in  furnishing  material  for 
the  growth  of  the  skeleton.  Their  importance  in  this  regard  has 
been  demonstrated  by  feeding  experiments.  Young  dogs  when 
given  a  diet  poor  in  calcium  salts  fall  into  a  condition  resembling 
rickets  in  children,  owing  to  a  deficient  growth  of  the  boues.  Pig- 
eons also,  when  fed  upon  a  similar  diet,  exhibit  an  atrophy  and 
fragility  of  the  Ijoncs  due  doubtless  to  the  lack  of  calcium  salt^. 
As  in  the  case  of  the  other  food  materials,  there  must  Ix?  a  ilefinite 
calcium  metabolism  in  the  body.  It  is  probable,  indeeii  certain, 
that  most  of  the  calcium  salts  ingested  sirapty  pass  through  the 
body  without  entering  into  its  structure.  They  are  eliminated 
unchanged  or  unused  in  the  feces  or  urine.  A  small  jxirtiou,  how- 
ever, must  be  absorlwd  and  used  and  a  corresiwnding  amount  must 

•  For  flti  inl  cresting  discinision.  M.-e  Hiingf,  "I'livsioJogie  des  Menschen," 
irol.  ii..  |i.  lOa,  1901. 

t  Quoted  from  Alba  and  Neuburg. 
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be  eliminated  as  a  true  waste  product  of  tissue  metabolism.  Voit, 
by  experiments  upon  isolated  loops  of  the  intestine,  has  shown 
that  some  calcium  is  constanth'  eliminated  from  the  inner  surface 
of  the  intestine.  The  amount  is  smatl,  not  exceeding  perhaps  015 
to  0.16  gram.s  per  day.  There  is  some  evidence  that  the  amount 
of  calcium  in  the  tissues  increases  with  age.  This  is  certainly 
true  of  the  bones,  which  become  exceedingly  brittle  in  advanced 
life,  and  Ls  evident  also  in  the  arteries,  whose  elast.icity  diniixiLshes 
as  the  calcium  salts  deposited  in  their  coats  are  increjised.  Under 
pathological  con<.litions  deposition  of  calcium  salts  {calcium  car- 
bonate) in  the  tissues  may  be  markedly  inrrease<l,  as  is  shown 
by  the  condition  of  the  arteries  in  arterial  sclerosis  and  the  con- 
dition of  the  crystalline  lens  in  senile  cataract. 

The  iron  salts  that  are  constantly  necessary  for  the  production 
of  new  hemoglobin  are  provided  in  our  food,  in  which  they  exist 
in  organic  combination.  The  value  of  the  food  in  this  respect 
varies  greatly,  as  may  be  seen  from  the  following  table  selected 
from  Bunge's  analysis: 

100  gins,  of  dry  substance  coatain  iron  in  inilligTams.  as  follows  : 

White  of  egg trace      Apples 13 

Rice 1  to  2      Cabbage  (green  leav'es) ...       17 


Wheat  flour  (bolted) . .     1 .6 

Cows'  milk 2.3 

Potatoes 6.4 

Peaa 6.2  to  6.6 

Carrots 8,6 


Beef....    :...       17 

Asparaeus 20 

Yolk  of  egg 10  to  24 

Spinach 33  to  39 


In  conditions  of  malnutrition,  particularly  in  the  simple  anemiis, 
it  becomes  necessar>'  to  select  a  diet  with  reference  to  its  contents 
in  iron  or  to  add  iron  deliberately  to  the  diet.  Therapeutically 
iron  may  l>e  given  in  the  form  of  simple  salts  with  organic  or  mineral 
acids  or  in  more  complex  organic  combination.  There  has  l«en 
much  controversy  as  to  whether  the  body  is  capable  of  taking 
the  iron  in  inorganic  form  and  synthesizing  it  into  a  molecule  w 
complex  as  that  of  hemoglobin.  Exi>erience,  however,  seem  to 
show  that  this  is  possible,  although  under  normal  conditions  at 
least  our  iron  is  used  in  organic  form.  Bunge  first  isolated  such  a 
compound,  a  nueleo-albiimin  containing  iron,  which  he  prepared 
from  the  egg  yoJk  and  called  hematogen.  This  compound  must 
serve  as  the  source  of  the  hemoglobin  in  the  developing  chick. 
When  the  diet  is  directed  especially  toward  increasing  the  iron 
food  it  would  seem  to  be  wiser  to  choose  these  compounds,  or,  better 
still,  the  iron-rich  foods,  rather  than  medicinal  preparations  of 
the  inorganic  salts.  The  daily  excretion  of  iron  from  the  body 
takes  place  in  the  feces  rather  than  in  the  urine.  The  experiments 
of  Voit  upon  isoiaterl  loops  of  the  intestine,  referred  to  alx)ve,  show 
that  iron  is  eliminateii  from  the  walls  of  the  intestine.    The  whole 
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rhistory  of  the  metabolism  of  iron  in  the  body  is  surrounded  by 
'much  uncertainty.  Aftt-r  absorption  its  synthesis  to  hemoglobin 
takes  place,  as  to  its  final  stages,  in  the  red  marrow,  but  it  is  possible 
that  other  organs  may  take  part  in  the  formation  of  intermediate 
products.  Aa  regards  its  elimination,  we  know  tiiat  the  breaking 
down  of  the  hemoglobin  (formation  of  bile  pigments)  occurs  prob- 
ably in  the  liver,  but  the  final  excretion  of  the  iron  takes  place 
mainly  through  the  walls  of  the  intestine. 

Accessory  Articles  of  Diet, — Under  this  general  t^rm  we  may 
include  all  those  bodie.s  cUissed  as  condiments,  fiavorn.  and  stimu- 
lants, which  we  habitually  take  in  our  diet  in  order  to  enhance  the 
attractiveness  of  the  food.  These  substances  may  or  may  not 
have  some  heat  value  to  the  body — that  is,  they  may  undergo 
oxi(hition  with  the  liberation  of  heat  energv^  but,  in  general,  their 
value  in  nutrition  is  due  to  other  properties. 

The  Flavors  and  Condiments. — Perhaps  the  most  important 
influence  exerted  by  these  bodies  is  that  bv  making  the  food  appe^ 
tizing  they  increase  the  secretion  of  gastric  juice.  The  origin  of 
the  so-called  psychical  secretion  hsus  been  described  (p.  762J,  and 
there  can  be  little  doubt  that  the  palatableness  of  food  influences 
greatly  the  facility  with  which  its  gastric  digestion  is  accomplished. 
It  is  said,  in  fact,  that  dogs  will  refuse  to  eat  food  that  has  been 
deprived  entirely  of  its  sapidity  and  flavor,  preferring  rather  to 
star\'e.  Some  of  these  substances  (pepper),  as  also  the  stimulants 
(alcohol),  may  have  an  additional  value  in  that  they  increase  the 
rapidity  of  absorption  from  the  stomach.  Gautier  divides  the 
condiments  into  the  following  classes:  (1)  Aromatics,  comprising 
vanilla,  anise,  cinnamon,  nutmeg,  and  other  similar  essential  oils. 
(2)  Peppers.  (3)  The  allinrcous  condiments, — garlic,  mustard. 
etc.  (4)  The  acid  condimenis, — vinegar,  citron,  pickles,  etc.  (5) 
The  salty  condiments,  such  as  table  salt.     (6)  The  sugar  candimenis. 

The  Stimuianis. — Under  this  head  we  include  alcohol,  tea,  coffee, 
chocolate,  or  cocoa,  and  meat  extracts  (beef  tea,  etc.).  Regarding 
the  last  mentioned  substance,  its  physiological  value  has  been  made 
clear  by  the  work  of  Pawlow  (p.  763).  Meat  extracts  of  various 
kinds  contain  secretogogues  which  stimulate  the  gastric  glands  to 
secretion.  In  themselves  they  may  contain  very  little  actual 
foodstuff.  Uiebig's  extract  contains  some  protein,  gelatin,  and  gly- 
cogen, which  form  an  actual  nourishment,  but  its  specific  value 
as  a  gastric  stimulant  dei^ends  upon  other  constituents,  possibly  the 
nitrogenous  extractives, — ereatin,  xanthin,  camin,  etc.  Coffee 
and  t€a  owe  their  well-known  stimulating  action  to  the  presence 
of  an  alkaloid,  caffein  or  trimethjl-xanthin.  It  may  l>c  considered 
as  xanthin  in  which  three  of  the  hydrogen  atoms  have  been  re- 
placed by  methyl  (CHj)  groups,  as  is  indicated  in  the  following 
Structural  formulaa; 
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CH3X— CO 

CO  c- 
i      II      ^H 
CII^N—C-N 


N< 


CH, 


HN— CO 

CO    C-NH 

HN— C-N 

Xjuitbin.  Caffein. 

This  alkaloid  has  a  diurette  action  on  the  kidneys  and  a  stimuhti| 
effect  on  the  nerve  centers,  as  is  illustrated  l>y  its  efifect  in  ralMng 
blood-pressure  by  an  action  on  the  vasoconstrictor  center.  The 
influence  of  tea  and  coffee  in  preventing  sleepiness  may  be  referred 
to  this  action  on  blood-pressure.  The  use  of  these  substances, 
according  to  general  experience,  augments  muscular  energj'  and 
diminishes  the  sense  of  fatigue.  Cocoa,  or  the  chocolate  raaiie 
from  it  by  the  atldition  of  sugar,  contains  considerable  nourish* 
ment  in  the  form  of  fats,  carbohydrates,  and  proteins,  but  its  stimu- 
latin<<  effert  is  referred  to  the  alktitoid  theobromin  or  (Uniethyl- 
xanthiu,  and  to  some  extent  pos.sil>ty  to  the  essential  oils  develoi>ed 
in  roasting.  The  theol)romin  exerts  stimniating  effects  similar  to 
those  of  the  caffein.  and  experiments  indicate  that  in  moderate 
doses  of  from  20  to  ;^C)  grams  per  day  cocoa  has  no  perceptible 
injurious  effect.  The  methylxanthins  are  in  part  oxidized  in 
the  body  and  in  part  (nne-tliird)  excreted  in  the  urine. 

Alcohol. — ^The  physiological  effects  of  alcohol  are  of  peculiar 
interest  to  mankind,  owing  to  its  widespread  use,  and  especially 
to  the  disastrous  results  following  its  intemperate  consumption. 
Th()sc  who  emjyloy  it  in  excess  are  in  dtvnger  of  acquiring  an  alco- 
holic thirst  or  habit  toward  which  the  body  possesses  no  counter- 
acting regulation.     WTien  food  is  eaten  in  excess  we  experience  a 
feeling  of  satiety  which  destroys  the  desire  for  more  food,  and  the 
same  regulation  prevails  in  the  case  of  water.     With  alcoholic 
drinks,  however,  the  desire  may  continue  long  after  the  alcohol 
taken  has  Ijegim  to  exert  an  injurious  action  u{>on  the  tiflsties 
The  evil  effects  of  excessive  use  of  alcohol  are  so  continually  demon- 
strated upon  man  that  there  is  no  need  for  ex|K?rimentaI  investi- 
gations to  establish  this  fact.     Pathological  examination  of  the 
tissues  in  the  case  of  confirmed  drunkards  has  demonstrated  the 
existence  of  definite  lesions  in   many  of  the  organs, — stomach, 
liver,  heart,  nervous  sj'stem, — ami  have  shown  that  under  these 
conditions  it  acts  as  a  tissue  poison,*     This  result  is  exhibited 
not  only   in  case-s   of   chronic  alcoholism  in  which   these  lesion* 
have  developed  gradualh',  but  also  in  cases  of  acute  alcoholism 
resulting  from  excessive  <losea.     On  the  other  hand,  it  is  known 
that  many  individuals  use  alcohol  in  moderate  doses  throughout 
life  with  no  noticeably  evil  result,  but,  on  the  contrarv",  with  possible 

*  Sec  Welch,  "The  Patliological  Effects  of  ^VJcoliol,"  in  " Pbj'siologicftl 
Aspects  of  the  Liquoi  Pn)'b\em,"  noV  u.,  wa. 
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benefit,  particularly  in  advanced  life.  The  matter  of  practical 
importance  and  interest  is  to  determine  the  physiological  role  of 
moderate  doses  of  alcohol.  Does  it  serve  a  useful  piupose,  acting 
as  a  food  or  stimidant,  or  is  it  a  poison  in  all  (.loses  to  a  greater  or 
less  extent  ?  The  literature  upon  the  suliject  is  very  large  and 
in  many  respects  conflicting.  Only  a  brief  summary  can  be 
attempted  here.  Regarding  its  stimulating  action  the  general 
experience  of  mankind  attril)utes  a  result  of  tliLs  kind  to  its  use 
in  small  quantities,  but  the  experitiental  evidence  is  of  an  uncer- 
tain nature.  Some  observers  have  claimed  that  the  n-action 
time  is  diminished  after  the  use  of  alcohol,  but  most  of  the  recent 
investigation  goe^s  to  show  that  in  the  work  of  skilled  labor,  in 
which  the  neuromusculur  niachiiiery  is  involved,  alcohol  even 
in  small  quantities  decreases  the  efficiency.*  It  has  been  sug- 
gested, therefore,  that  as  regards  the  higtier  nerve  centers  it  acts 
from  the  beginning  as  a  narcotic  or  paralysant  to  the  inhibitory 
centers.  By  thus  removing  inhibitory  control  there  Ls  an  apparent 
increase  in  activity  whirl)  i.s  not  due  to  a  direct  stinmlating  effect. 
On  other  meciianisms  different  results  are  reported.  Thus  it  is 
stated  that  the  secretion  of  the  gsistric  and  of  the  pancreatic  juice 
is  markedly  increased  liy  the  use  of  alcohol  in  small  doses,  so  far, 
at  least,  as  the  water  secretion  is  concerned.  The  content  of  the 
secretion  in  digestive  ferments  seems  to  be  diminisheil.  On  the 
heart  and  hlottd-vessels  alcohol  in  snudl  quantities  appears  to  have 
no  positive  effect  of  a  stimulating  character.  It  is  known  that 
even  in  small  doses  it  causes  a  tlilatation  of  the  skin  vessels,  giving 
A  feeling  of  warmth  and  leading  to  incrensed  loss  of  heat;  but 

idiether  this  effect  Ls  due  to  a  .stiumlatiun  of  the  vasodilator  centers 
or,  as  seems  more  probable,  to  a  narcotic  or  depressing  action 
upon  the  Viisoconstrictor  centers  has  not  been  definitely  demon- 

rateti.  The  experience  of  explore^rs  bears  out  the  general  view 
under  conditions  of  stress  iind  of  maintained  exertion  alcohol 
of  little  value  as  a  stinnihuit  to  the  neuromu.scular  appurutus. 
Whatever  action  it  has  in  this  tlirection  is  temporary-.  After  the 
day's  work  is  done,  however,  or  in  cotiditions  of  mental  dcijressinn 
the  use  of  alctdio!  may  remove  the  sense  of  fatigue  and  exhaustion 
and  lead  to  a  sense  of  well-being.  The  most  imjwrtant  work  of 
recent  years  has  been  directed  toward  determining  the  nutritive 
value  of  alcohol.  Does  it  function  under  any  circumstances  as  a 
food?  Much  depends  in  such  a  discussion  upon  the  meaning  of 
the  terms  used.  In  the  present  brief  statement  it  is  to  be  under- 
stood that  by  food  is  meiint  material  which  can  be  oxidized  in 
the  body  with  the  production  of  usable  energ)',  but  without  in- 

*  For  literaturu  and  dwcuHsion,  see  Abel,  "■  The  PharmaL-wlojiical  Action  of 
AJeoliol, '■  in  '*  PhyMological  Asponts  of  tiic  Liquor  Problem. "  vol.  ii.,  1903; 
and  Horalcy  and  Sturge,  "  .\lculiul  and  ttii;  Huiiiim  liody,"  19U7. 
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juriong  effect  upon  the  tissues,  and  moreover  a  material  whose 
consumption  protects  some  of  the  other  foodstuffs — fats,  carbo- 
hydrates, and  protein — from  destruction.  In  the  first  place,  there 
is  no  doubt  that  atcoliol  is  oxidized  in  tlie  body.  \'arious  obeenere 
estimate  that  as  much  as  90  to  9S  per  cent,  of  the  alcohol  absorbed 
is  destroyed.*  Since  1  gm.  of  alcohol,  wheti  burnt,  yields  7  ralorieB 
of  heat,  it  is  evident  that  its  oxidation  in  tiie  body  must  ueld  a 
large  supply  of  heat  energj'.  The  question  arises  whether  Ibis 
oxidation  of  the  alcohol  occurs  in  jidciition  to  the  normal  metab- 
olism of  the  protein  and  non-protein  foodstuffs,  or  whether  it  pro- 
tects and  takes  the  place  of  these  foodstuffs.  With  regard  to  the 
non-proteins  a  number  of  observers  have  attempted  to  determine 
the  fx)infc  by  ascertaining  the  total  carbon  excretion  during  an 
alcohol  periotl.  If  the  usual  amount  of  material  is  burnt,  and  the 
alcohol  in  addition,  it  is  evident  that  the  carbon  excretion  should  he 
markedly  increa.sed.  Most  observers,  however,  finii  that  it  r^ 
mams  practically  the  same.  Such  results  as  the .  following  have 
been  obtained: 

At  water  anH  Renivlict  i  Alcohol-free  daj-s. .    251.9  gms.  carbon. 
Atwater  and  Beneditt  |  J^l^,^^^^^l  j^^g 238.5     " 

—  13T4     " 
■o-  __,  r  Alcohol-free  days.  .212.58  gms.  carbon. 

^^^ tAIcoboldaya..:. -.220.84     " 

-f  8.26     "  " 

rn       tt                          f  Alcohol-free  days.  .214.83  gms.  carbon. 
^'**P*" \  Alcohol  days 2^3.87     " 

+  6.04     "  " 

These  results  indicate  that  the  alcohol  is  used  by  the  body  in  pis'* 
of  the  other  carbon-containing  foodstuflfs.  Geppert  and  Zuntz  have 
also  found  that  on  alcohol  days  there  is  no  material  increase  in 
the  carbon  dioxid  eliminated  or  the  oxygen  absorbed. 

Theoretically  if  the  alcohol  takes  the  place  of  the  other  material  the 
amount  of  carbon  dioxid  excreted  should  be  diminished.  One  fuian  oJ 
alcohol  when  oxidiaed  furnishes  as  much  heat  as  1.7  gms.  of  sugar  or  0.75  pn. 
of  fat.  But  1  gm.  of  nicohol  when  burnt  yields  only  1.91  gras.  of  CO,,  wliil* 
1.7  gras.  of  sugar  yield  2.77  gras.  CO,,  and  0.75  gm.  of  fat,  2.13  gms.  of  CX)j 
If  fat  were  replaced  by  the  alcohol  the  amount  of  COj  -nhould  be  re«luc»d 
about  10  [>er  cent.,  while  if  the  sugar  were  refthicetl  the  reduction  shouM 
amount  to  31  per  i-ent.  That  sueh  a  reduction  is  not  actually  obee^'ed  is 
expjlained  by  tne  fact  that  the  alcohol  leads  to  more  mviscular  acti>ity  ami 
a  greater  toss  of  heat  from  the  congested  ^kin,  thus  indirectly  augmenting 
the  oxidations  of  the  boity. 

To  determine  whether  the  combustion  of  the  alcohol  protects  the 
protein  material  from  metaljcjlism  to  the  same  extent  as  is  done  by 
carlx>hydratcs  and  fats,  experiments  have  lx?en  made  in  which  the 
individual  was  brought  into  nitrogen  equilibrium  on  a  mixed  diet. 

*  See  .Atwater  and  Benctlict,  Bulletin  ev,  United  States  Department  ol 
Agriculture,  I88ft. 
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Then  for  a  given  period  a  [jortion  of  the  carboliyclcute  was  omitted 
and  alcohol  in  isodyuamir  amounts  was  substituted.     The  result 

i-as  an  increase  in  the  nitrogen  excretion,  showing  that  the  alcohol 
did  not  protect  fully  the  protein  tissue.  In  a  thii'd  period  the 
first  diet  was  resumed,  and  after  nitrogen  ecjuilibrium  had  aiuiain 
been  established  the  same  proportion  of  carbohydrate  was  omitted 
from  the  diet,  but  this  time  alcohol  was  not  substituted.  If  the 
diet  was  poor  in  |>rotein  it  was  found  that  less  protein  was  lost  from 
the  l)ody  when  the  alcohol  was  omitted  than  when  it  was  used. 
Hence  alcohol  not  only  did  not  take  the  place  of  the  carlxdiydrate 
in  protecting  the  protein,  but  it  actually  caused  an  increased  pro- 
tein consumption.*  Other  observers  (Neumann,  Rosemann  f^  have 
found  that,  although  the  effect  just  descril>ed  may  occur  in  the  first 
few  days,  yet  if  the  alcohol  diet  is  maintained  the  injurious  effect 
exerci.sed  by  it  disappears,  the  Ijody  ceases  to  lose  it-s  protein  tissue, 

nd  may  even  lay  on  protein.  These  results,  taken  with  those 
given  above,  indicate,  therefore,  that  tlie  alcohol  may  actually 
take  the  place  j)hysiologically  of  fat  or  carbohydrates  as  a  source 
)f  energ>'  and  as  a  protector  of  protein  metabolism.:}:  Under  these 
circumstances,  therefore,  it  acts  as  a  true  foodstuff.  It  is  perhaps 
scarcely  neccssarv'  to  emphasize  the  fact  that  tins  scientific  con- 
clusion does  not  mean  tliat  alcohol  can  be  regarded  as  a  prac- 
tical food.  Its  expensiveness,  its  dangers  when  the  dose  is  too 
large,  etc.,  prevent  us  from  regarding  it  in  this  light.  As  Rosemarm 
says,  however,  it  is  [Kissible  that  on  accoimt  of  its  ready  absorption 
and  palatal tleness  it  may  form  a  useful  sulistitut-e  for  the  solid, 
non-nitrogenous  foodstuffs  in  sicknes.s.  This  .suggestion  seems 
to  be  supported  by  many  reports  of  cases  in  which  alcohol  has  served 
as  the  sole  or  main  nutriment  during  the  critical  periods  of  fevers 
and  in  other  conditions,  but  it  needs  to  be  te.sted  more  carefully  by 
direct  experiments  before  it  can  lie  accepted  generally  for  prac- 
tical purpo.ses.  In  line  with  this  .suggestion  there  are  some 
results  upon  diabetic  patients  (Henetlict  and  Tortik)  which  indi- 
cate that  in  this  condition  alcohol  used  as  a  food  dimiubhes  the 
production  of  acetone  bodies  and  protects  the  protein. 

».Sf'e  Miura,  " Zeitsclinft  fiir  kliii.  Mpilirin,"  JO,  1892. 

t  fH*  Koscniaim,  ".Arcliiv  f.  die  Epsammte  Physiologic,"  86,  307,  1901, 
id  100,  348.  1!>0.'J,  for  discusiion  tmd  literature. 

}  See  also  .4twator  and  Bf'nodiot.  "M«'nioirs  of  Xatioiial  .\cademy  of 
Biences,''  1902;  and  Atwaler,  "The  Nutritive  Vjtliie  of  .\leohol,"  in  "Fhyai- 
;ic8l  Aspects  of  the  Liquor  Probletu, "  vol.  ii.,  IWVi. 
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CHAPTER  L. 

EFFECT  OF  MUSCULAR  \FORX  AND  TEMPERATURE  ON 
BODY  BIETABOLISM— HEAT  ENERGY  OF 
FOODS— DIETETICS. 

The  EfiEect  of  Muscular  Work. — It  is  a  matter  of  PommoD 
knowledge  that  muscular  exercise  increases  the  food  consumed, 
and  scientific  experinnent«  have  showTi  that  it  greatly  augment 
the  consumption  of  material   in   the  body.    Physiologists  have 
attempted  to  determine  which  of  our  energA-jieliling  foodstuffs 
is  directly  affected  by  muscular  activity.     A  brief  statement  of 
the  development  of  our  knowledge  upon  this  point  will  make  dear 
our  present  theories.     According  to  Liebig,  our  ftKnls  fulfill  two 
general  purposes  in  the  body:  they  are  bunit  to  supply  heat,  respira- 
tory foods — fats,  anti  carbohydrates,  or  they  are  used  to  constnicl 
tissue,   plastic   foods — proteins.     It   seemed  to  follow,   from  this 
generalization,  that  muscular  tissue  in  activity  should  use  pn>t*in 
material,  and  it  was  loelieved  at  that  time  that  the  meiaboliani  of 
jjrntein  furnished  the  source  of  muscular  ene^gy^     That  it  is  not 
the  sole  source  was  demonstrated  by  the  interesting  experiments 
of  Fick  and  Wisticenus.     These  physiologists  ascended  the  Faul- 
horn  to  a  height  of  195t>  meters.     Knowing  the  weight  of  his  liody, 
each  could  estimate  how  much  work  was  done  in  ascending  such 
a  height,     Fick's  weight,  for  example,  was  66  kilograms;  therefore 
in  climbing  the  mountain  he  performed  66X1956=129.096  kilo- 
grammeters  of  work.     In  addition,  the  work  of  the  heart  and  the 
respiratory-  muscles,  which  could  not  be  determined  accurately, 
was  estimated  at  30,000  kilogrammcters.     There  was,  moreover, 
a   certain   amount   of  muscular    -work  ptirformed   in   the  move- 
ments of  the  arms  and  in  walking  upon  level  groimd  that  was 
omitted   entirely   from   their   calculations.     For  seventeen   hours 
before  the  ascent,  during  the  climb  of  eight  hours,  and  for  six 
hours  afterward  their  food  was  entirely  non-nitrogenous,  so  that 
the  urea  eliminated  came  entirely  from  the  protein  of  the  Ixxly. 
Nevertheless,  when  the  urine  wa.s  collectetl  and  the  urea  estimated, 
it  was  found  that  the  energy-  rontuined  in  the  protein  destroyed, 
I'eckoned  as  heat  energy,  was  entirely  insufficient  to  account  for 
the  work  done.     .Although  later  estimates  would  modify  somewhat 
the  actual  figures  ot  l^\e\v  calculation,  the  margin  was  so  great  that 
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the  experiment  !ias  been  accepted  as  showing  conclusively  that  the 
total  energj'  of  muscular  work  does  not  come  necessarily  from  the 
oxidation  of  protein.  Lat«r  experiments  made  by  Voit  upon  a 
dog  working  in  a  tread-wheel  and  upon  a  man  performing  work 
while  in  the  respiratory  chamlwr  gave  the  surprising  result  that 
not  only  may  the  energy  of  muscular  ^vork  be  far  greater  than  the 
heat  energy  of  the  protein  simultaneously  oxidized,  but  that  the 
performance  of  muscular  work  within  certain  limits  does  not 
affect  at  all  the  amount  of  protein  metabolized  in  the  body,  since 
the  output  of  urea  Ls  the  same  on  working  days  as  during  days  of 
^■zest.  Careful  experiments  by  an  English  physiologist.  Parkes.  made 
upon  soldiers,  while  resting  and  after  performing  long  marches, 
showed  also  that  there  is  no  distinct  increase  in  the  secretion  of  urea 
after  muscular  exercise.  It  followed  from  these  latter  experiments 
that  Liebig'a  theory  as  to  the  source,  of  the  energ)^  of  muscular 
work  is  incorrect,  and  that  the  increase  in  the  oxidations  in  the 
body,  which  undoubtedly  occurs  duringmuscularactivity,  must  affect 
only  the  non-protein  materia! — tliat  is.  the  fats  and  carbohydrates. 
Subsequently  the  question  was  reopened  by  experiments  made 
under  Pfliiger  by  Argutinsky.*  In  these  experiments  the  total 
nitrogen  excreted  was  determined  with  especial  care  in  the  sweat 

Pas  well  as  in  the  urine  and  the  feces.  Tlie  muscular  work  done 
consisted  in  long  %valks  antl  mountain  climbs.  Argiitin-sky  found 
that  work  caused  a  marked  increase  in  the  elimination  of  nitrogen, 
the  increase  extending  over  a  periofl  of  three  days,  and  he  estimated 
that  the  additional  protein  metalwlizetl  in  consequence  of  the  work 
was  sufficient  to  account  for  most  of  the  energ^^'  expended  in  per- 
forming the  walks  and  climbs.  A  number  of  objections  have  been 
made  to  Argutinsky's  work.  It  has  been  asserted  that  during  his 
experiment  he  kept  himself  upon  a  diet  deficient  in  non-protein 
materia!,  and  that  if  the  supply  of  this  material  had  been  suflicient 
there  would  not  have  been   an  increase  in  protein  metal)olism. 

■  These  experiments  were  repeated  in  various  forms  by  many  ol>- 
servers  (Zunt?-.  Speck,  et  al.),  and  the  general  result  has  been 
the  abandonment  of  Ijoth  the  former  views — the  Liebig  theory, 
that  the  energ\'  corner  only  from  the  consumption  of  protein,  and 
Hthe  Voit  theor\',  that  it  comes  only  from  the  oxidation  of  non-pro- 
"  tein  material.  It  hsus  been  found  that  in  muscular  work  carried  to 
the  ordinary  extent  protein  material,  in  excess  of  that  destroyed  in 
conditions  of  rest,  may  or  may  not  1>e  used  acconling  to  the  amount 
of  fats  and  carlK>hydrat*s  contained  in  the  diet.  If  these  latter 
felements  are  in  sufficient  quantity  they  furnish  the  energy  i-eqiured, 
[and  the  protein  motalH>lism  is  not  increased  by  work.     If.  however. 

♦  Argutinhky,     Pflugtr's  Arcliiv  f.  die  gesammte  PhyBioloRie, "  46,  552. 
L1890. 
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the  non-pTr>teins  are  not  sufficient  in  quantity  some  of  the  energy 
is  oiitained  at  the  expense  of  the  protein  of  the  body,  and  there  is 
an  increase  in  the  nitrogen  excretion.     We  may  believe,  in  U\ru 
that  the  energy  neressary  fi>r  muscular  work  may  be  obtained  from 
any  of  the  heat-yieldinp  fuodstuffs — carlKiliydrate^,  fat,  or  proteins. 
It  seems  probable  that  the  sugar  (glycogen)  of  the  muscle  is.  so  to 
speak,  the  easiest  source;  but,  when  the  carbohydrates  are  deficient 
or  absent  altogether  in  the  diet,  muscular  exercise  is  accompttnif^i 
by  an  increase  in  the  consumption  of  fats  or  proteins  or  l>oth. 
According  tn  tlie  view  adopted  in  the  preceding  pagas,  it  will  bp re- 
membered that  when  protein-food  is  used  as  a  source  of  energy  it 
is  usefi  not  as  protein,  but  after  the  nitrogen  has  l>een  split  off  in 
the  liver  by  the  process  of  deamidization  of  the  aniino-acids. 
According  to  this  view,  therefore,  the  working  muscle  cells  obtain 
their  energy  always  by  oxidation  of  non-nitrogenous  material, 
although  a  portion  of  thia  material  may  have  been  derived  ulti- 
mately from  the  protein  of  the  food.     The  \'oit  thenr\'  is  cnrrrot 
to  the  extent  that  on  an  abundant  non-protein  diet  much  muscular 
work  may  be  dune  without  any  incretise  in  the  ccmsumption  of 
protein  ti.ssue.     The  nmscle  i.s  a  protein  machine  for  the  accom- 
plishment of  work,  but  in  the  performance  of   moderate  work 
there  is  apparently  no  greater  wear  and  tear  of  the  machiner>',  no 
greater  tissue  wa.stc,  than  under  resting  condition.s.     If,  however, 
the  muscular  work  ]n  excessive,  the  tissue  waste  may  be  increased. 
Argutinsky  found  an  increa.sed  nitrogen  elimination  lasting  two  or 
three  clays  aft«r  the  cessation  of  the  work.    It  is  probable  that  this 
result  indicates  a  greater  wa.ste  of  the  protein  apparatus  it,^elf.  and 
this  idea  is  borne  out  by  the  fact  that  under  similar  conditiood 
other  observers  have  detected   an  increase  in  the  creatinin  and 
uric   acid    excretion,   nitrogenous   wastes  that  are  derived   from 
muscle.     The  effect  of  muscular  work  on  the  carl)on  excretion,  car- 
bon dioxid,  is.  of  course,  marked  anil  invariable.     Some  extra  m.<j- 
terial  must  be  oxidized  to  furnish  the  energy,  and  since  this  material 
is  usually  sugar,  or  sugar  and  fat,  or  the  non-nitrogenous  portion 
of  the  protein  of  the  diet,  the  effect,  so  far  as  the  excretions  are  con- 
cerned,  will  lie  most  manifest  in  the  amount  of  carbon  dioxid 
given   off.     Pettenkofer   !ind   \'oit   found   that   the  carbon  dioxid 
eliminated  by  a  man  during  a  day  of  work  was  nearly  double  tlml 
excreted  during  a  day  of  rest.     Along  with  this  rise  in  the  carbon 
dioxid  excretion  there  is  a  corresponding  increase  in  the  absorption 
of  oxygen.     These  results  are  well  illustrated  in  the  following 
table,  which  shows  the  effect  of  jTOsture  and  of  severe  mu.scular 
work  upon  the  hourly  excretion  of  carbon  dioxid  and  absorption  of 
oxygen  (Benedict  and  Carpenter).* 

•  Caroepe  li\a\AV,uV\ou  «l  Vn'aAlvTO^^tQn,  No.  126.  1910. 
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Man  at  rest,  sippping, . ,  . 

Man  at  rest,  Hitting 

Man  at  rest,  standing.  .  . 
Man  during  severe  work . 
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Metabolism  During  Sleep. — It  has  been  shown  that  during 
sleep  there  is  no  marked  (^liange  in  the  total  nitrogen  excreted, 
and  therefore  no  distinct  decrease  in  the  protein  metabolism. 
According  to  Siven,  there  is  a  distinct  diminution  in  the  secretion 
of  the  emlogenous  purin  nitrogen.  On  the  contrary,  the  carbon 
dioxid  eliminuteit  atul  the  oxygen  absorbed  are  unquestiuimbly 
diiiiinished.  This  latter  fact  tinils  its  .simplest  explanation  in  the 
suppositiim  that  the  nmsries  are  less  active  during  sleep.  The 
muscles  do  less  work  in  the  way  of  contractions,  and,  in  addition, 
probably  suffer  a  diminution  in  tonicity,  which  also  affects  their 
total  tuetabulism. 

Effect  of  Variations  in  Temperature. — In  warm-blooded 
aniniids  variatii>ns  uf  uulside  tetn|)erature  witliin  ordinary  limita 
do  not  affect  the  body  temperature.  An  account  of  the  means  by 
which  this  regidation  is  effected  will  be  found  in  the  chapter  upon 
Animal  Heat.  80  long  as  the  temperature  of  the  body  remain.s  con- 
stant, it  has  tn'en  founci  that  a  fall  of  out.-^ide  temperature  may 
increase  the  oxidation  of  non-protein  material  in  the  bo(Jy,  the  in- 
crease being  in  a  general  way  proportional  to  the  fall  in  tempera- 
ture. That  the  increased  oxidation  affects  the  non-protein  con- 
stituents is  shown  by  the  fact  that  the  urea  remains  uiicliaiiged  in 
quantity,  other  conditions  being  the  same,  while  the  oxygen  con- 
sumption and  the  carbon  dioxid  elimination  are  increased.  This 
effect  of  temperature  upon  the  lx)dy  metabolism  i.s  due  mainly  to  a 
reflex  stimulation  of  the  motor  nerves  to  the  mu.scles.  The  tem- 
perature nerves  of  the  skin  are  affected  by  a  fall  in  outside  tempera- 
ture, and  Itfing  about  reflexly  an  increased  innervation  of  the 
muscles  of  the  body.  Indeed,  it  is  stated  *  that  imless  the  lowering 
of  the  temperature  is  sufficient  to  caiise  shivering  or  muscidar 
tension  no  increase  in  the  excretion  of  CO.,  results.  This  fact  snf- 
fij-es  to  explain,  therefrjre,  the  physiological  value  of  shivering  and 
muscular  restlessness  when  the  outside  temperature  is  low.  The 
fact  that  variations  in  outside  temperature  affect  only  the  con- 
sumption of  non-protein  material  falls  in.  therefore,  with  the  concep- 
tion of  the  nature  of  the  inetalxilisin  of  muscle  in  activity,  given 
iiljove.     When    the   means   of   regidating   the   l>ody   temperature 

'Johanatson^  "  Sk andinaviachos  Arfliiv  t.  I'hyjsiologie,"  7,  12:j,  1S1)7. 
/58 
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break  down  from  too  long  an  fxposuro  to  excessively  low  or  tx- 
cess'iveh  high  temperHtiires,  the  total  body  nietalwlism,  proton 
as  well  as  non-protein,  increases  with  a  rise  in  body  temperatunc 
and  decreases  with  a  fall  in  temperature.  In  fevers  arising  from 
pathological  caus&«?  it  has  l>een  shown  that  there  is  an  increased 
exrcetioii  of  nitrogen  as  well  Jis  of  farl>on  dioxid. 

Effect  of  Starvation. — A  starving  animal  must  live  upon  the 
material  present  in  its  IxkIv.  Thus  material  consists  of  the  f»t 
stored  up,  the  circulating  and  tissue  protein,  and  the  glycous). 
The  latter,  which  is  prefMint  in  comparatively  small  quantities,  is 
quickly  used,  disappearing  more  or  leiss  rapidly  according  to  the 
extent  of  muscular  movements  made.  Thereafter  the  jinimai  lives 
on  its  own  protein  and  fat,  and  if  the  starvation  is  continued  to  a 
fatal  termination  the  body  becomes  correspondingly  emaciated. 
Examination  of  the  several  tissues  in  animals  starved  to  death  has 
brought  out  some  interesting  facts.  Voit  took  two  cats  of  nearly 
equal  weight,  feci  them  equally  for  ten  days,  and  then  killed  one  to 
serve  as  a  stanilard  for  comparison  and  starved  the  other  for  thirteen 
days;  the  latter  animal  lost  1017  gms.  in  weight,  and  the  losswaa 
divided  as  follows  among  the  different  organs: 

Low  TO 

SOPPOBBD    WEtOBT         ACTDAL  LOM  EaCH  100  GlO. 

or  Okoanb  Bkporh        op  OnaAysa       or  Kresii  OwohX 

Starvation.  i\  Gms.       (Pehcentao*  " 

Bone 393.4  54.7  13.9 

Muaclo 1406.4  429.4  30.5 

Liver  91.9  49.4  53.7 

Kidney 25.1  6JB  25  9 

Spleen   8.7  6A  68.7 

Pancreas 6.5  1.1  17.0 

Testes. 2.6  1.0  40.0 

Lungs.. 15.8  2.8  17.7 

Heart 11.5  0l3  2.6 

Intestines   118.0  20.0  18.0 

Braiii  aiiti  cord  ....     40.7  1.8  3.2 

Skiu  and  liair 432.8  80.3  30.6 

Fat 275.4  267.2  97.0 

Blowl 138.5  37.3  27.0 

Remainder 136.0  50.0  36.8 

According  to  these  results,  the  greatest  absolut-e  loss  was  in  the 
muscles  (429  gms.),  while  the  greatest  percentage  loss  was  in  the  fat 
(97  per  cent.),  which  had  practically  disappeared  from  the  body. 
It  is  very  significant  that  the  central  nervous  system  and  the  heart, 
organs  which  we  may  suppose  were  in  continual  activity,  suffered 
practically  no  loss  of  weight:  they  liad  lived  at  the  expense  of  the 
other  tissues.  We  must  suppose  that  in  a  starving  animal  the  fat 
and  the  protein  materials,  particularly  in  the  voluntary  muscles, 
pass  into  soUitioti  in  the  blood,  and  are  then  used  to  nourish  the 
tissues  generally  and  to  supply  the  heat  necessary  to  maintain  the 
body  temperature.    E»x.u,mYcva.\,\ov\  v\{  the  excreta  in  starving  aui- 
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mals  has  shown  that  a  preater  quantity  of  protein  is  (lestroytxl  dur- 
ms  the  first  tlay  or  two  than  in  the  suljtseciueiit  days.  This  fact 
is  explained  on  the  supposition  tliat  the  body  is  at  first  supplied 
with  a  certain  excess  of  protein  material  derived  from  its  previuus 
food,  and  that  after  this  ia  metabolized  the  animal  lives  entirely, 
so  far  as  protein  consumption  b  concemetl,  upon  its  "tissue 
protein."  If  the  animal  remains  quiet  tluring  starvation,  the 
amount  of  nitrogen  excreted  daily  .soon  reaches  a  nearly  constant 
miniiiuini,  allowing  that  a  practically  constant  amount  of  })ruteni 
(together  with  fat)  is  consumed  daily  to  furnish  body  heat,  and 
material  for  the  energy  needs  and  tissue  waste  in  the  active  organs, 
such  its  the  heart.  Shortly  Ijefore  death  from  starvation  the 
daily  amramt  of  protein  con.sumed  may  increa.se.  as  shown  by  the 
larger  amount  of  nitrogen  eliminatetl.  This  fact  is  exjilained  by 
assuming  that  the  body  fat  i.s  then  exfiau.sted  and  the  animal's 
metabolism  Ls  confine<l  to  the  tissue  proteins  alone.  The  genenU 
fact  that  the  loss  of  protein  is  gTeate.st  during  the  first  one  or  two 
days  f»f  stiirvatiou  has  been  cotitirmed  upon  men  in  a  number  of 
interesting  experiments  made  upon  professional  faster®.  For 
the  numerous  details  as  to  loss  of  weight,  variations  of  temperature, 
etc..  carefully  recorded  in  these  latter  experiments,  reference  must 
be  made  to  original  .sources.*  It  may  be  added,  in  conclusion, 
that  the  fatter  the  body  is,  to  begin  with,  the  longer  will  starvation 
be  en<lureil,  and  if  water  is  consumed  freely  the  evil  effects  of 
starvution.  jus  well  as  the  tiisagreeable  sensations  of  hunger,  are 
very  much  reiiuced. 

The  Potential  Energy  of  Food. — The  food  material  during 
digestion  ami  after  absorption  undergoes  numerous  cheiuical 
changes  in  the  body.  Some  of  these  changes  are  not  attended  by 
tlie  liljLM'atitin  of  heat  to  any  marked  extent.  Such  is  the  ciise,  for 
instance,  with  the  hydrolytie  cleavages  of  the  molecule  wldch 
have  been  describe^l  es|>ecially  in  connection  with  the  digestive 
processes.  As  an  example  of  this  fact  one  jnay  take  the  inversion 
of  the  double  .sugars — one  molecule  of  maltose  yields  two  molecules 
of  dextrose.  The  heat  value  of  a,  gram  nuilerule  nf  maltose  is 
1350. 7  «'alories.  The  heat  Aalue  of  the  dextrose  resulting  frum  its 
inversion  is  V.H7A  cal.,  so  that  the  proce.ss  of  hydrolysis  liberateiJ 
only  3..'l  cal.  or  al)out  0.2  per  cent,  of  the  total  available  energy-  in 
the  maltose.t  Similar  hydrolytie  cleavages  occur  iloulitless  within 
the  tissues,  and  other  change's  i-onnecteil  with  nmscutar,  nervous, 
and  glandular  activity,  and  the  builrling  up  and  breaking  down 

•  " Vircliow's  Archiv,"  vol.  131,  aupplement ,  IS93:  nnd  burinni,  "Das 
Hungern, "  IS*M.  iiee  also  WpFht,  "  Krgt.*ljni8.«ic  ilcr  Physiologie,"  vol.  i., 
pan  1..  VMTZ. 

t  S«H'  Herzog,  "Z^it.  f.  pliysiol.  chem.,'*  .'17,38.1.  1903,  and  TangI, 
"PflugCT's  Archiv,"  115,  1,  1906. 
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of  the  living  substance  take  place  constantly  as  a  part  of  genend 
nutritional  metabolism.  On  the  other  hand,  many  of  the  chraoieal 
processes  occurring  in  the  body  are  especially  valuable  on  account 
of  the  heat  liberated.  These  reactu>ns,  for  the  most  part,  at 
least,  are  oxidations;  they  are  ^ected  under  the  influence  of 
oxidising  ensymes  or  by  some  other  means  of  activating  the 
oxygen.  The  various  stages  in  the  process  are  not  explained, 
but  we  know  that  ox}'gen  is  necessary  and  that  the  carbon  and 
the  hydrogen  contained  in  the  substances  acted  upon  appeu 
eventually  in  the  form  of  oxidation  products — ^namdy,  cariwn 
dioxid  and  water — Uebig  designated  the  fats  and  carbohydrates 
as  respiratory  foods  on  the  hypothesis  that  their  fate  in  the  body 
is  to  be  oxidind  and  furnish  heat.  While  this  view  is,  in  the 
main,  correct,  it  is  evident  now  that  a  portion  at  least  of  the 
protein  molecule,  after  tiie  splitting  off  of  the  nitrogen,  may 
also  undergo  oxidation  and  furnish  heat.  In  liebig's  sense, 
therefore,  the  proteins  play  the  part  of  respiratory  or  heat-pro- 
ducing foods  as  well  as  acting  as  tissue  formers.  On  the  other 
hand,  fats  and  carbohydrate  material  may  enter  to  some  extent, 
together  with  the  prot^,  into  the  synthesis  of  cell  material,  and 
thus  play  the  rdle  of  a  plastic  or  tissue-forming  as  well  as  of  a 
respiratory  food.  We  cannot  divide  the  foodstuffs,  thetefore, 
strictly  into  two  such  classes,  but  we  may  perhaps  consider  the 
chemical  processes  in  the  body  under  the  two  heads  mentioned 
alwve — namely,  the  oxidation  or  energ>'-producing  change:  and 
those  due  to  hydrolytic  cleavages,  synthesis,  etc.,  which  are 
attended  by  a  small  liberation  of  energ\-,  or,  indeed,  may  \ie  arcora- 
p.*inipd  by  an  absorption  of  energj'  (synthesis).  The  great  supply 
of  he.1t  energj-  needed  by  the  body  to  maintain  its  tenifierature 
conies  from  the  oxidation  processes.  This  cla.<isifiration  i» 
omplovecl  by  some  physiologists,  and  is  helpful  in  emphasiiinjc 
the  fart  that  many  rhemird  changes  occur  in  the  bixly  that 
are  of  no  importance  from  the  standpoint  of  heat  production,  and 
that  the  changes  that  do  give  rise  mainly  to  heat  form,  as  it  were, 
a  s|)ecial  group,  which  is  not  connected  with  the  building  up  or 
Itivaking  iiown  of  the  living  matter,  but  furnishes  the  energy  by 
moans  of  which  these  latter  changes  and  perhaps  other  functions, 
such  as  muscular  work,  are  made  possible.  The  heat  produced 
in  aiul  g)vi>n  off  from  the  body  is  estimated  in  terms  of  calorinL 
The  sntalt  ralori(>  (D  or  gram-calorie  is  the  quantity  of  heat  necR^ 
sar>'  to  raise  one  gram  of  water  one  degree  Ontigrade  in  tempen- 
ture,  whil«>  the  large  calorie  (f)  or  kilogram-calorie  is  the  quantity 
of  lu>at  ne(V!««ar\-  to  rakte  the  temperature  of  one  thousand  gnuns 
of  wat«T  one  dcgnv.  In  n>und  numbers  an  adult  man  produew  in 
his  UhIv  ai\d  i^ves  off  to  the  surrouitding  air  about  2,400,000 cakiriei 
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(2400  C)  of  \wRt  por  day.  This  great  supply  of  licat  is  derived 
from  the  physiological  oxidation  of  the  carlx)hydrate,  fat,  and 
pnjtein  material  of  the  food.  These  same  materials  may  be  oxi- 
dized outside  the  body  b\'  burning  them  at  a  high  temperature  or 
under  a  high  pressiu^  of  oxygen,  and  the  heat  that  they  give  off  in 
the  process  can  be  mejvsured  directly.  So  far  as  the  fat^  and  carbo- 
hydrates are  concerned,  the  end-products  of  the  oxidation  in  the 
body  axe  the  same  as  in  their  combustion  out  of  the  ]mdy,  and  we 
may  believe,  therefore,  that  the  amount  of  heat  produced  is  the 
same  in  both  cases.  Consequently  the  heat  value  of  a  gram  of  fat 
or  carbohydrate  burnt  outside  the  body  is  spoken  of  as  its  combus- 
tion equivalent,  and  it  measures  the  amount  of  jxitential  energy 
of  these  foodstuff.'^  which  is  availal>le  fur  the  pri>ductit>n  of  hc:it 
or  for  the  supply  of  energy  in  other  forms  t<t  the  wnrking  cells. 
With  regard  to  the  protein,  the  civse  is  smnewhat  <]ifferent.  Its 
end-])roducts  in  the  body  are  carbon  dioxid,  water,  and  urea 
or  some  nther  of  the  nitrogenous  waste  products.  Tlieso  nitrog- 
enous wjistes  nre  capable  of  further  oxidation  with  liljtirutiou 
of  heat,  so  that,  as  fai*  as  they  are  eliminated,  the  botly 
loses  a  possible  supply  of  heat  energy,  which  must  be  subtracted 
from  the  total  heat  energy  that  the  prntein  gives  upon  oxida- 
ticm  outside  the  body,  in  order  to  determine  the  avnilal>le  heat 
energy  yiekleil  within  the  hotly.  The  figures  obtained  for  the  heat 
equivalents  of  the  foodstuffs  by  burning  them  outside  the  Iwdy  in 
some  form  of  calorimeter  are  as  follows:  1  gm.  of  fat  yields  an  aver- 
age of  9;J(X)  calories,  or  9.3  large  calories  (G),  1  gm.  of  carbohydrate 
yields  an  average  of  4100  calories  (4,1  C).  These  figures  may  l>e 
taken,  therefore,  to  express  the  quantity  of  heat  given  to  the  body 
by  the  o.xidation  within  its  tissues  of  these  elements  of  our  food. 
A  gram  of  protein  when  burnt  outside  of  the  body  yields  on  the  aver- 
age 5778  calories.  The  heat  vahie  of  the  urea  is  estimateil  a.^  1 
gm.  =  2523  calories.  If  we  as-sumc  that  all  the  nitrogen  of  the  pro- 
tein appears  as  urea  and  that  I  gra.  of  protein  yiekls  J  gm.  of  urea, 
then  the  available  heat  energj'  of  a  gram  of  protein  should  be  equal 
to  5778  —  84 1  (or  J  of  2523)  =  4937 calories.  I^ter  workers,  however, 
have  given  reasons  for  believing  that  this  la.st  figure  is  too  high. 
All  of  the  nitrogen  is  not  eliminated  a.s  urea,  and,  moreover,  all  of 
the  nitrogenous  waste  is  not  excreted  in  the  urine;  a  distinct  pro- 
portion i.s  given  off  in  the  feces.  Rubner  has  calculated  the  avail- 
able heat  euerg\'  of  proteins  by  direct  experiments  upon  animals. 
In  these  experiments  the  heat  value  of  the  protein  fefl  was  directly 
determined  by  burning  a  saniple  in  a  calorimeter.  Then  after  feed- 
ing a  known  amount  of  the  protein  the  urine  and  feces  were  col- 
lected and  their  heat  value  was  determined  in  the  same  way.  The 
difference  between  the  total  heal  value  (tf  the  protein  fed  and  the 
heat  value  lost  in  its  excreted  products  in  the  feces  ivwOiwravt  \gKM^ 
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tbo  actual  heat  energy  ohtainod  from  the  protein  by  the  animal 
l^otly.  Resuhs  obtained  by  this  method  give  an  average  value 
for  1  gm.  protein  of  41(X)  calories  (4.1  C),  or.  since  protein  contains 
an  average  of  16  per  cent,  of  nitmgen,  we  may  say  that  1  gm.  of  ni* 
trogen  ingested  aa  protein  iuis  a  heat  value  of  4.1  x  6.25  —  25  6  C. 
The  figures  that  are  used,  therefore,  in  estimating  the  heat  value 
of  our  foodstuffs  are: 


1  gin. 
1  gat. 
1  gm. 


protein 

t-arbohydrate 

fat 


4100  calorifflj  (4.1  C). 
4100  calories  (4.1  C). 
9305  calories  (9.3  C). 


Making  use  of  these  values,  it  is  obvious  that  we  can  calculate 
total  heat  value  of  any  given  diet.  If  we  analyze  the  food  for 
composition  in  the  three  principal  foodstuffs  we  may  determine  how 
many  calories  will  ]>e  furnished  to  the  body.  In  many  of  the  tables 
published  to  show  the  composition  of  the  different  foods  figures  arte 
given  also  to  exprfss  their  heat  value  or  potential  energy",  on  thes 
belief  that,  for  the  most  part,  our  food  is  used  as  fuel  to  supply 
energ>'  to  the  body.  These  values  for  some  of  our  ordinary'  foods 
are  as  follows:* 


Protcin.  Fat. 


Cabbory- 

ORATK. 


Asm. 


Beefsteak,  porterhouse 10. 1  17.9        0.8 

lieefsteak,  round  (lean) 20.2  2.4       1.2 

Con>etl  beef  (canned) 26.3  18.7  ....  4.0 

Veal,  leg  (lenn) 19.4  3.7  ....  1.1 

Vealliver 19.0  5.3  ....  1.3 

Mutton,  leg  (lean) 1&.5  10.3       0.9 

Pork,  bam  (fresh,  lean) 24.8  14.2        1.3 

Pork  rhops,  medium  fat 13.4  24.2        0.8 

CTiioken  (fowl) 13.7  12.3  ....  0.7 

Sha^l 9.4  4.8        0.7 

Shad  roe 20.9  3.8  2.6  1.5 

E^is 11.7  10.7        0.7 

Milk 3.3  4.0  5.0  0.7 

Outnieal 16.1  7.2  67.5  1.9 

Rice 8.0  0.3  79.0  0.4 

Wheat  Bour  (entire  wheat) 13.8  1,9  71,9  1.0 

Green  peas 7.0  0.5  16.9  1.0 

Potatoes  (raw) 2.2  0.1  18.4  1.0 

Spinarh 2.1  0.3  3.2  2.1 

Tomatoes 0.9  0.4  3.9  0.5 

Apples 0.4  0.5  14.2  0.3 

Bananas 1.3  0.6  22.0  0.8 

It  must  be  borne  in  mind,  however,  that  the  entire  nutritional 
value  of  a  food  is  not  expres,sed  in  its  heat  value.  iSome  of  our 
food  material — the  green  fuods  and  fruits,  for  example — are  useful 
and  in  a  measure  easential  becaa>^e  of  their  salts  and  organic  acids, 
and  it  seems  quite  possible  that  the  different  jirot^'ins  or  even  lb« 
different  carlx»hydrates  or  fats  may  be  found  to  have  each  a  specific 
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1110 

476 
1280 

520 

575 

740 
1060 
1270 

775 

380 

600 

6S0 

325 
1860 
1630 
1675 

465 

385 

110 

105 

290 

460 


*  Selected    from    .A.twatcr    and    Brj-ant,    Bullelin 
United  States  Dcpartmi-nt  of  Agriculture,  lt*89. 
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influence  upon  metabolism.  Thus  it  is  stat-ed  that  the  disease 
known  as  heri-bori,  which  formerly  in  the  Japanese  navy  showed 
the  high  incitience  of  325  eases  out  of  lOOO,  has  been  entirely 
eradicated  by  substituting  for  an  exclusive  diet  of  rice  one  of  equal 
quantities  of  barley  and  rice.  Just  what  this  change  in  diet  signi- 
fies has  not  been  determined,  but  the  result  suggests  strongly  the 
idea  of  a  (qualitative  diflference  in  the  metabolic'  influence  of  the 
foodstuffs.  In  this  respect  the  science  of  dietetics  has  a  wide  field 
for  investigation.  In  a  general  way,  however,  the  heat  energj' 
of  a  food  expres.ses  its  value  as  a  means  for  supplying  the  energj' 
of  the  living  cells.  In  the  work  that  tliese  cells  perform, 
whether  it  is  contraction,  secretion,  or  nervous  activity,  energy 
is  needed,  and  this  energy  is  carried  into  the  body  in  the  |>otential 
chemical  energy  of  the  proteins,  fats,  and  carbohydrates,  whatever 
may  be  the  source  from  which  these  ffKidstuffs  are  obtained. 

Dietetics. ^The  subject  of  tiie  proper  nourishment  of  individ- 
uals or  collection  of  individuals  in  health  and  in  sickness  is  treated 
usually  in  works  upon  hygiene  or  dietetics.  The  practical  details 
of  the  preparation  and  composition  of  diets  must  l)e  ubtaine<i 
from  such  sources,  f  The  general  principles  upon  which  practicid 
dieting  depends  have  been  obtuined,  however,  frum  experimental 
work  upon  the  nutrition  of  man  and  the  lower  animals,  some 
account  of  which  has  been  given  in  the  foregoing  pages.  In  a 
healthy  adult  the  main  object^s  of  a  diet  are  to  furnish  .sufficient 
nitrogenous  ami  non-nitrogenous  foodstuffs,  saJts,  and  water  to 
maintain  the  bodj'  in  an  e<iui[ihriuni  of  material  and  of  energj* — 
that  is,  the  diet  must  furnish  the  material  for  the  regeneration  of 
tissue  and  the  material  for  the  heat  produced  and  the  muscular 
work  and  other  work  done.  Nutritional  experiments  prove  that 
this  object  m:i\'  lie  accompli.shetl  by  protein  fooil  alone,  together 
with  salts  and  water.  It  Ls  thtubtful,  however,  whether,  in  the 
ca.se  of  man,  such  a  iliet  could  be  continued  for  long  periods  without 
causing  some  nutritional  disturlnuu-e,  directly  or  indirectly.  It 
will  be  remembered  that  a  jmre  meat  diet  is  not  entirely  protein, 
since  all  flesh  contains  .some  fats  and  carbohydrates  (glycogen). 
The  functions  of  a  diet  are  accomplisheil  more  easily  and  more 
econotiiicafly  when  it  is  composed  of  proteins  and  fats,  or  proteins 
and  carbohydrates,  or.  as  Ls  almost  uiuver.siUly  the  case,  of  proteins, 
fats,  autl  carbohydrates.  Tlie  experience  of  mankind  shows 
that  such  a  mi.ved  diet  is  most  beneficial  to  the  bo<ly  and  m().st 
satisfj'ing  to  that  valuable  regulating  mechanism  of  nutrition, 
the  appetite.  Expres.sed  in  its  most  generzU  form  the  cells  of  our 
boily  need  foixl  for  two  purposes:  first,  to  sujipty  the  energy 
needs;  second,  lo  furnish  the  material  for  the  construct  inn  of  their 

•For  prartiral  direction-'),  see  Gaulier,  " L'alimentation  et  iea  n-gimpg," 
1904;  Blyth,  "  IukmIs:  du'ir  Composition  and  Analyaifl." 
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own  living  substance,  that  is,  for  assimilation.  The  first,  of  th< 
purposes  is  fulfilled  by  any  of  the  three  energy -yielding  foodsiuf 
carbohydrates,  fat-s  or  proteins,  but  as  a  matter  of  fact  we  use 
chiefly  the  farbohycjrates  on  account  of  their  economy  and  the 
ease  with  which  they  are  utilized  by  tlie  body.  For  the  second 
purpnse,  tfie  construction  of  protoplasm  or  living  matter  proteins 
{or  their  cleavage  products)  are  absolutely  necessary.  Whetlier  fata 
or  carboliydrates  participate  at  all  in  this  prot-ess  is  perhaps  an 
open  question.  In  accordance  with  this  sj)ecific  and  necewim* 
function  of  the  protein  we  find  that  the  amount  used  in  the  daily 
diet  is  fiiirty  constant,  about  lUO  grams,  while  the  proportions  of 
fat  and  carbohydrate  show  wide  variations.  Since  from  the  energ_v 
standpoint  the  fats  and  carbohydrates  have  a  common  function, 
serving  as  fuel  for  the  energy  needs  of  the  body,  we  ought  Ui !)« 
able  to  e.xchange  them  in  the  <liet  in  the  ratio  of  their  heat  values. 
ThLs  ratio,  or  as  it  is  frequently  called,  the  isodynamic  equiva- 
lent, is  as  H.3  to  4.1  or  2.-3  t<j  1.  and  within  the  limits  jiermitted  hy 
the  appetite  we  should  be  able  to  sub.stitutc  I  part,  of  fat  for  2.3 
parts  of  sugar  or  starch.  Experiments  upon  luiimals,  as  well  as 
the  experience  of  mankind,  show  that  this  substitution  can  lie 
made  in  a  general  way,  although  it  is  not  advisable  to  elimmate 
either  of  these  foodstuffs  entirely  from  the  diet.  The  fact  Ihit 
within  certain  limits  fats  anfl  carbohydrates  may  be  substituted 
for  each  other  is  i]lu.strateft  in  a  general  way  by  the  diflTerent  diet* 
recommended  by  various  phvsiologists,  since  it  will  be  noticel 
that  in  those  in  which  the  proportion  of  fat  is  large  the  amount  of 
carbohydrate  Ls  reduce<l. 

AVERAGE  DIETS  AND  THEIR  HEAT  VALUES. 

MOLESCHOTT. 


Protein lao  gmn. 

F»U 40      ■■ 

CkrbohydntM  ,   .   .  550     " 


Calories. 

.533 

.   .   .     .172 

.   .   .2275 

2980 


Rankk. 
Calomcb, 

100  Km*.    .   .  .  410 

100     "      ...  030 

240     "      .   .   .984 

2324 


Vorr. 

CUjOM 

llBcma.  .  .  .    m 

aa    •*    ...» 
500    •'     .  .     sun 


FORSTER. 

Calorisb. 

Protein 131  gm«.  .  .   .     567 

Fala      .  ..    as     "...     632 

Ckrbohydmtw     .  .  494     "      ...    1825 

Jtl24 


.\tw.\ter. 

Calorib*. 
l2.'>Kn»i.  512 


12.> 
4W 


1172 
I  MO 
332V 


The  avcnipe  heat  value  of  these  diets  is  equiU  to  2742  calories. 
of  which  al>ctut  IS  per  cent,  is  furnished  by  the  protein.  Generally 
speaking,  it  will  be  found  that  in  the  dietaries  seleete<l  voluntarily 
by  mankind  the  [trotoiti  furnishes  from  15  to  2(1  per  cent,  of  the 
total  heat  value  of  the  diet.  According  to  some  physiologista 
this  proportion  is  unnece-ssarily  large  iuvd  it  might  be  retluced 
to  as  little  as  5  or  10  jier  cent.     Whether  or  not  such  a  change  is 
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justified  has  already  bwn  {iiscussed  to  some  extent  fp.  878). 
Leaving  aside  this  point,  it  is  usually  estimated  in  round  numbers 
that  tho  diet  rihould  furnish  daily  2400  Calories  for  an  individual 
weighing  60  kgms.,  or  about  40  Calories  per  kgni.  of  l>ody  weight. 
It  will  }>e  noticefl  that  in  all  eiuses  the  ^eat^st  portion  of  this 
energ>'  is  obtained  from  tlie  carliohyflrate  food,  whieh,  ini  account 
of  its  economy,  its  abundanfc,  and  its  ease  of  digestion  and 
oxidation  in  the  body,  constitutes  the  bulk  of  our  diet.  In  ea.ses 
of  excessive  nuiscular  work  the  food  eaten  may  supply  more  than 
twice  ttie  average  heat  vjUue  given  above.  Thus,  Atwater  and 
Shermjin  estimate  that  in  a  .six-day  bicycle  race  by  prnfossioiials 
the  heat  value  of  the  food  for  the  different  |>arttcipants  varietl  from 
4770  to  6005  raiories.  Chittenden,  in  the  work  previously  re- 
ferred to,*  has  raise<l  the  qiie.stion  whether  the  heat  value  of  the 
diet  ordinarily  employed  in  unne<*e.s.sarily  high.  In  his  oym  case 
he  found  that  the  body  could  be  welt  nourished  on  a  diet  con- 
taining a  total  heat  value  of  only  1600  calories  or  28  calories  per 
kgni.  of  body  weight  in.stead  of  40  cahiries.  The  diet  in  this 
case,  it  will  be  remembered,  cimtaiireil  only  3G  to  40  gms.  of  protein 
in  place  of  the  100  to  130gnis-  ret'ouunended  in  the  diets  nientioueil 
alcove.  The  question  thus  raised  is  one  that  must  be  decided  by 
actual  experience,  but  from  the  numerous  statistical  and  experi- 
mental results  now  avaihiblef  it  would  appear,  as  has  been  stated 
above,  that  the  total  energy  necessary  in  a  iliet,  estimated  in 
terms  of  its  heat  value,  ^•a^iea  chiefly  with  the  amount  of  nmscular 
work  to  be  done.  Persons  who  leail  a  ver>'  muscular  life  require 
a  corre.spondingly  large  amount  of  energy  in  the  tliet,  and  this 
demand  Ls  met  usually  by  augruentiug  the  prDportion  of  carbo- 
hy<lrate  and  fat,  es[}ecially  the  car!)t)hyilrate.  Since  the  amount 
of  protein  is  not  varieil  greatly  in  such  case-'S  the  diet  is  relatively 
fHvtir  in  tliis  food.stufT.  On  the  contrary,  those  who  leml  a  sedentary 
life,  including,  broatUy  speaking,  all  the  well-to-do  cla.s.s,  require 
leas  energ}'  in  their  diet,  and  they  can  afford  to  reduce  the  pro- 
portion of  carbohydrate  an<l  fat.  The  diet  in  such  cases  nuiy  be 
relatively  rich  in  protein,  although  the  amount  per  kilogram  of 
body  weight  is:  not  increase<l,  in  fact,  Ls  usually  dimmishe<l  some- 
what. These  facts  are  illustrated  in  At  water's  Rstimate  of  the 
diet  net:essiU'y  for  men  j>erforming  different  amounts  of  muscular 
work. 

PhOTCIV.  CAKBOHTDmAra 

ANti  Fat. 

Man  doin^  hard  miisc'tilar  work 600  cal.  :1550  cal. 

Man  doinj?  nuMiprntc  imiRcular  work. 500    "  '2900    " 

Man  doing  no  tmiKCular  work. ........... .360    "  2040    " 

♦Chittenden,  "  Phy  woIoRical  Econiutiy  in  Xnlrition,"  lUfl.'). 
t  See   ediM'cially   the   numerous    Hulh'tins   of   the    l".  rf.  U"'|)arUiient    of 
Agriculture,  \os.  28,  116,  12^,  149,  etc. 
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On  cijinpurinp  thc.s»>  fliets  it  will  be  observed  that  in  {kt- 
furiniiig  luiril  nius<'ularwitrk  the  tliet  contained  1700  calories  nt 
fnerg\^  licviUKl  that  uscil  "wlicn  no  work  was  done.  Abnut  six- 
sevenths  iif  this  increii&c  wus  pmvided  for  by  the  carbohydrates 
and  fats.  It  "will  be  seen  a]s<«  that  in  this  case  the  proportinn 
of  tiu'  tiitnl  energy  obtained  from  protein  remained  practically 
identical. 

Mankind  is  guideti  and  ha.s  been  guided  in  all  times  hy 
the  Control  of  the  appetite,  using  this  term  in  a  lEjeneraJ  sense  to 
designate  the  conscious  tlesire  for  food,  arul  al.so  the  desire,  niorp 
or  less  clearly  recojic^iiz^d.  for  special  kinds  of  food.  If  scientific 
experiments  indicate  that  thi.s  regulatory  apparatus  leads  u.s  t^' 
ingest  more  food  than  is  actually  required  for  the  assimilation 
needs  and  the  energy  needs  of  the  iKxly,  it  remains  for  oliserAa- 
tion  and  experiment  to  determine  whether  tliis  exceas  is  beneficiiil 
or  useless  or,  })erhap.s.  even  harmful. 

Munk  gives  an  interesting  table  showing  how  mucii  of  certain 
familiar  articles  of  footl  would  be  necessary,  if  taken  alone,  to  supply 
the  requisite  daily  amount  of  protein  or  non-protein  material:  liL< 
estimates  are  based  upon  the  percentage  composition  of  the  food'* 
and  upon  experimental  data  showing  the  extent  of  absorption  of  the 
foodstuffs  in  each  foo<l.  In  this  table  he  supposes  that  the  daily 
diet  should  contain  1 10  gms.  of  protein  —  17.5  gras.  of  N,  and  non- 
proteins sufficient  to  contain  270  gms.  of  C; 

(17.5  V,wi.  N).  » *>«  270  CM*.  C 

Milk 2900gni.s  3800  gm*. 

Meat  (lean) 540     "  2000     " 

Hen's  eggs 18  eggs.  37  eggs. 

Wheat  flour 800  gma.  670  gms. 

Wheat  bread 1650     "  1000     " 

Rye  bread 1900    "  1100    " 

Rice 1870     "  750    " 

Com 9S0     "  660     " 

Peas 520     "  750    " 

Potatoes 4.500     "  2650     " 

As  Munk  points  out,  this  table  shows  that  any  single  food,  if  taken 
in  quantities  sufficient  to  supply  the  nitrogen,  would  give  too  much 
or  too  little  carlion  and  the  reverse;  those  animal  foods  which,  in 
certain  amounts,  supply  the  nitrogen  needed  furnish  only  from  one- 
fourth  to  twivthird.i  of  the  necessary  amount  of  carbon  and.  vice 
versd,  the  vegetable  fi>ods  if  taken  in  sufficient  quantity  to  supply 
the  carbon  would  not  give  sufficient  nitrogen,  or  if  used  alone  to 
furnish  the  ref^uisite  nitrogen  wt>uld  give  an  excess  of  carbon. 
This  same  fact  is  illustrated  in  another  way  in  a  table  compiled 
by  Cohnheiin.*  To  furnish  the  liody  with  its  necessary  (iaily 
"  Cohnboinw  "  Die  Ph\-9iologie  der  Verdauimg  und  Em&hrung,*'  1908. 
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quota  of  100  grams  of  protein  the  following  amounts  of  different 
foods,  expres-setl  in  their  heat  valueii,  wuultl  be  reiiuired: 

Meat W.')  Course  bread 4i>o2 

'Ema U:W  t-iiu"  hmul.    .                     4720 

C^ese 1 7t)-l  Pi)tat<>cs, . .                         SOOO 

Milk -'07l>  Kici- .  V'tOn 

Com 4104 

It  is  evident  from  this  table  that  a  nersmi  leading  a  sedeiitiiry 
life  \\"h(j  used  a  ve^tidile  diet  alone  would  be  required,  in  ordfr  to 
obtain  his  Jiei'essarv  protoin.  to  consume  luui-h  more  carbohy- 
drate than  from  an  energy  standpoint  vvius  ne«de<.l  by  the  body. 
As  ('ohnheini  points  out.  the  animal  foods  are  for  this  reason  espe- 
cially suited  Ui  supjily  the  protein  needs  of  those  who  lead  a  ooni- 
parativoly  iniict.i\'c  life.  In  practiwil  dieting  we  are  accustrmietl 
to  get  our  supply  <>i  proteins,  fats,  and  carbohydrates  front  both 
vegetaVile  and  aniinal  foods.  To  illustrate  this  fact  bj*  an  actual 
case,  in  winch  tlie  food  wiis  carefully  analyzed,  an  experitnenter 
weighing  67  kgms.  records  that  he  kept  himself  in  nitrogen  erjuiiib- 
rium  upon  a  diet  in  which  the  protein  was  ilistributeil  as  follows; 

300     gmn.  meat  =  63.0S  jrms.  protein  =  9.78    pns.  N. 

666.3  c.c.  milk  =  1S.74     "  "  =  2.905     "      " 

100     gms.  nee  =  7.74     "  "  =  1.2         "      " 

100        "     bread  =  11.32     "  "  =  1.755     "      " 

500     c.c.  wine  =  1.17     "  "  =  0.182  gm.     " 

102.05    *'  "  =      15.868  gins,  " 

For  a  person  in  health  ami  leading  an  active,  nornud  life,  ajipetite 
juid  experience  seem  to  lie  safe  and  sufficient  guiiles  by  which  to 
control  the  diet :  tlioy  may  be  relied  upon,  at  lenst.  to  protect  the 
body  from  undernutrition.  The  o[)|)o.site  danger  uf  overeating 
is  a  real  one,  particularly  aniong  those  who  do  not  lead  an  active 
life.  It  is.  however,  a  hygienic  offence  tliat  is  usually  committed 
kmtwingly  and  may  consequently  be  controlled  by  tho.se  who  have 
sufficient  wLsdom.  Physiological  knowle<lge  emphasizes  clearly 
enough  the  great  fact  that  the  mechanisms  of  tmtrition  and 
digestion,  iike  the  other  niechatiisms  of  the  b«Klyj  .shoidti  no!  be 
subjected  io  unnecessary  strain.  For  those  who  are  in  health, 
the  important  rule  to  follow  in  the  matter  of  diet  i.s  to  avoid  an 
excess  in  eating.  In  conditions  of  ilisejvse,  in  regulating  the  diet 
of  children  or  of  collections  of  individuals,  as  in  the  army,  navy, 
etc..  it  Ls  necessary  for  purpo.ses  of  hygiene  or  for  purposes  of 
economy  to  arrange  the  diet  in  accordance  ^\ith  the  know!e<ige 
obtained  froni  experience  and  from  scientihc  investigations. 
In  this  direction  much  has  already  been  accomplished,  but  more 
remains  to  be  flone,  particularly  perhaps  in  the  relation  of  diet  to 
pathological  conditions. 
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THE  PRODUCTION  OF  HEAT  IN  THE  BODY— ITS  HEAS 
UREMENT  AND  REGULATION— BODY  TEMPERA- 
TURE—CALORIMETRY— PHYSIOLOGICAL 
OXIDATIONS. 

It  is  customar}'   to  date  our  motlern   ideas  of  the  origin  "f 
animal  heat  from  the  time  of  Lavoisier  (1774-77).     To  the  older 
physiologists  it  was  a  most  difficult,  problem.    The  animal's  body 
produces  heat  continually  and  maintains  a  temperature  higher,  as 
a  rule,  than  thai,  of  the  surrounding  air.     Since  oxygen  and  the 
nature  of  ordinaiy  combustions  were  unknown,  they   naturally 
explained  this  heat  formation  by  reference  to  causes  which  the 
science  of  the  day  had  shown  to  be  capable  of  pnxlucing  warmth, 
such  as  friction  and  fermentation.     Haller   (1757),  for   instance, 
taught  that  the  body  heat  arises  mainly  from  the  friction  of  the 
circulating  blood  and  the  movements  of  the  heart  and  blood-vesaek, 
and  this  view  found  currency  in  text^books  well   into   the  nine- 
teenth century,     I^voisier  first  gave  to  the  physiologist  the  con- 
ception that  the  heat  produced  in  the  body  is  due  to  a  combustion  or 
oxidation,  and  that  therein  lies  the  significance  of  our  respiration 
of  oxygen.    He  believe^l  himself  that  this  oxidation  takes  place  in 
the  lungs, — that  is,  the  blood  brings  to  the  lungs  a  hydrocarbon- 
ous  material  which   is  attacked  by  the  oxygen  and   burnt  with 
the  formation  of  w^ater  and  carbon  dioxid  and  the  liberation  of 
heat.     Later  exp>erimenters  demonstrated  that  the  heat  production 
does  not  occur  in  the  lungs,  at  least  not  exclusively,  but  over  the 
whole  of  the  l>ody.    After  a  long  and  interesting  controversy  it  was 
also  shown  satisfactorily  that  the  oxidations  of  the  body  do  not 
occur  in  the  blond,  but  in  the  tissues  themselves.     The  oxygen  is 
transported  to  the  cells  and  there  does  its  work  of  effecting  oxi- 
dations and  giving  rise  to  heat.     This  heat  is  equalized  more  or 
less  over  the  whole  body,  chiefly  by  the  circulation  of  the  blood, 
which  absorbs  heat  from  the  warmer  organs  and  distributes  it  to 
the  cooler  ones.     The  body  temjjerature  is  maintained  at  a  nearly 
con.gtant  level  by  an  intricate  adjustment  of  physiological  reflexes 
which  together  constitute  the  heat-regulating  mechanism.     Such 
in  brief  is  the  general  theor>'  of  our  time  regarding  heat  production 
in  the  body.    Alanv  of  the  problems  that  interested  the  older  phys- 
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iologists  have  been  solved  satisfactorily,  but  there  remain,  of  course, 
many  more  to  interest  this  and  succeeding  generations.  Investi» 
gations  in  this  field  at  present  are  directed  mainly  to  an  effort  to 
understand  the  details  of  the  heat-rcgulating  apparatus,  on  the  one 
hand,  and,  on  the  other,  to  comprehend  more  satisfactorily  the 
nature  of  the  process  of  oxidation.  This  latter  problem  is  one  of 
common  interest  at  present  in  chemistry  and  in  physiologj'. 

The  Body  Temperature. — We  divide  animals  into  the  two 
great  classes  of  warm  blooded  and  cold  blooded,  according  as  their 
temperature  is  or  is  not  above  that  of  the  surrounding  air,  In 
this  sense,  birds  and  mammals  are  warm  bloodeil  and  reptiles, 
amphibia j^  and  lishes  are  cold  blooded.  The  names,  however,  are 
hadly  chosen.  The  difference  of  deepest  significance  between  the 
mammals  and  birds,  on  the  one  hand,  and  the  fishes,  amphibia,  and 
reptiles,  on  the  other,  is  that  in  the  former  the  body  temixrature 
is,  within  wide  limits,  independent  of  the  outside  temperature;  it 
remains  practically  constant  during  winter  and  svmuner,  whether 
the  surroimding  air  is  hotter  or  cooler  than  the  body.  They  are, 
therefore,  constant-temperature  animals  (homoiothermous).  The 
reptiles,  amphibia,  and  fishes,  on  the  contrary,  have  a  body  tem- 
perature that  changes  with  the  environment.  On  winter  days 
their  temperature  is  low,  approximately  that  of  the  surrounding 
air  or  water,  and  in  summer  their  l>ody  temperature  rises  to  cor- 
respond with  that  of  the  outside.  Strictly  speaking,  they  are  cold 
blooded  only  in  cold  surroundings.  This  group  may  be  designated 
as  the  changeabl6-tem{)erature  animals  {ix)ikilothermous).  The 
warm-blooiled  animals  maintain  a  constant  high  body  temperature 
on  account  of  their  reL'i{i\'ely  active  oxidation.s  and  the  existence 
of  a  heul-i-egiilating  meclumism.  In  the  cold-blooded  animals  the 
oxiflations  are  not  so  intense  and  a  heal-regulatinn  niet-hanism  is 
absent  or  poorly  developed.  The  hiliernating  animaLs  form  a  group 
intermediate  in  many  ways  ]>etween  these  two  classes.  Tliey  possess 
a  heat-regulating  apparatus  that  maintains  a  constant  body  tem- 
perature under  most  conditions,  but  breaks  down'  in  ver>'  cold 
weather;  so  that  during  the  period  of  winter  sleep  their  tem- 
perature is  but  little  above  that  of  the  surrouniling  air.  In 
some  of  the  cold-blooded  animals  the  production  of  heat  is  more 
rapid  during  warm  weather  than  its  loss;  so  that  the>-  exhibit 
a  body  temperature  slightly  higher  than  the  surroimcHng  me- 
dium. A  hive  of  bees  in  activity  may  raise  the  tem|)erature 
within  the  hive  through  a  number  of  degrees,  and  snakes  and 
many  reptiles  show  a  ti'mpi-rature  of  2'='  to  8°  C.  above  that  of 
the  air.  So  also  some  reptiles  pos.sess  a  rudimentary  means  of 
protecting  their  Ixxlies  from  too  great  a  rise  of  temperature, — 
for  instance,  by  accclrratcd  breathing  whereby  more  water  is  evap- 


Digitized  by  VjOOQ  I 


926 


NUTRITION'    AND   HKAT   REGULATION. 


orated  from  the  lungs  and  thus  more  heat  is  lost.*  The  distino- 
tion  between  the  two  great  groups  of  animals  is  not  entirely  abeo* 
lute,  but  it  is  sufficiently  marked  to  constitute  a  striking  physio- 
logical characteristic. 

The  tenii>erature  of  the  human  hotly  is  measured  usually  by 
thermometers  placed  in  the  mouthj  in  the  axilla,  or  in  the  rectum. 
Mea.9urements  made  in  this  way  show  that  in  general  the  tempera- 
ture in  the  interior  of  the  body  (rectal)  is  slightly  higher  than  on  the 
surface  of  the  skin.  The  average  temperature  in  the  rectum  is  37.2" 
C.  (98.96"  F.);  in  the  axilla,  .36.9°  C.  (98.45'*  F.);  in  the  mouth, 
36..S7°  C,  (98.36°  F.).  We  may  speak  of  the  body  temperature, 
therefore,  in  the  places  in  which  it  can  \ye  conveniently  measured,  as 
var\'ing  between  36.87°  C.  and  37.2°  C.  Some  of  the  internal  or- 
gan.9  have  a  higher  tem|>erature,  particularly  during  their  period  of 
greatest  activitj'.  The  tenii>erature  of  man,  measured  in  the  places 
mentioned,  shows  also  a  distinct  variation  during  the  day,  a  diurnal 
rhythm.  This  daily  variation  has  been  measured  by  many  ob- 
servers, and  shows  individual  peculiarities  that  depend  largely  upon 
the  manner  of  living,  time  of  meals,  etc.  In  general  it  may  be  said 
that  the  lowest  temperatiu^  is  shown  early  in  the  morning, — 6  to 
7  A.M.;  that  it  rises  slowly  during  the  day  to  reach  its  maximum 
in  the  evening,  5  to  7  p.m.;  and  fall.s  again  ihiring  the  night.  The 
difference  l>etween  early  morning  and  late  afternoon  or  evening 
may  amount  to  a  degree  or  more  centigrade,  and  this  fact  must  be 
borne  in  mind  by  physicians  when  observing  the  temperature  of 
patients.  Muscular  activity  and  food  appear  to  be  the  factors  that 
are  mainly  responsible  for  the  rise  in  temperature  during  the  day. 
Most  observers  state  that  when  the  habits  of  life  are  reversed  for 
some  time — that  i.s,  when  work  is  performed  and  meals  are  eaten 
during  the  night,  and  the  day  is  given  up  to  sleep  and  rest — the  daily 
variation  of  temperature  is  inverted  to  correspon<l, — tliat  is,  the  _ 
highest  temjterature  is  observed  in  the  early  morning  and  the  lowvflH 
in  the  late  afternoon.  Age  also  has  a  slight  influence.  Newly  Ix^^H 
infants  and  yoxmg  children  have  a  somewhat  higher  temperature 
than  adults.  The  difference  may  amount  to  half  a  degree  or 
a  degree  centigrade, — 37.6°  C.  in  infant.^  as  compared  with 
36.6°  C.  or 37. 1°  C.  in  the  adult.  It  is  known,  also,  that  the  heat- 
regulating  mechanism  in  infants  and  young  children  is  not  so 
efficient  a.s  in  adult.s,  and  that  therefore  febrile  disturbances  are  more 
easily  excited  in  the  former  than  in  the  latter.  In  the  matter  of  body 
temperature,  a.s  in  so  many  other  characteristics,  aged  people  show 
a  tendency  to  revert  to  infantile  conditions.  Their  temperature, 
according  to  most  obsen'ers,  i.s  slightly  higher  than  in  middle  life. 


349. 


*  See  Laiigloui,  "  Journal  de  physiologic  et  de  pathoL  g^n^rale, "  1902, 
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Among  physiological  conditions  that  influence  the  body  tempera- 
ture, muscular  work  and  meals,  as  stated  above,  have  the  most  posi- 
tive effect.  Marked  muscular  activity  implies  a  great  increase  in 
the  production  of  heat  in  the  body  and  most  observers  find  that 
the  initial  result  at  leaat  is  a  small  rise  in  body  temj>erature, — a  fact 
which  indicates  that  the  heat  regulation  is  not  perfect;  the  excess 
of  heat  produced  is  not  dissipated  promptly.  In  the  periotl  of  rest 
following  upon  work,  on  the  contrary,  the  body  temperature  may 
fall,  owing  probably  to  the  fact  that  more  heat  is  lost  through  the 
flushed  skin  than  is  produced  within  the  body.  In  this  matter  of 
the  effect  of  muscular  work  individual  variations  are  to  be  expected, 
since  the  perfection  of  the  heat-rogidating  mechanisms  may  var\' 
somewhat  in  different  persons.  Meals  also  cause  a  slight  rise  in 
body  temjierature,  which  reaches  its  maximum  about  an  hour  ami 
a  half  after  the  ingestion  of  the  foofl.  The  explanation  in  this  case 
also  is  to  be  found  doubtless  in  a  greater  production  of  heat,  due  to 
the  increased  metalxjlism  in  the  secreting  glands,  the  liver,  and  the 
muscidature  of  the  gastro-intestinal  canal.  The  excessive  production 
of  heat  is  not  eomjjensated  completely  by  a  corresfionding  increase  in 
the  heat  dissipated.*  It  is  sufficiently  obvious,  perhaps,  from  these 
facts  that  the  temperature  as  measured  by  the  thermometer  is  a 
balance  between  the  amount  of  heat  produced  and  the  amouiit  of 
heat  lost  or  dissipated.  The  thermomct^iT  alone  gives  us  no  cer- 
tain indication  of  the  quantity  of  heat  prorluccd  in  the  body.  A 
temperature  higher  than  normal,  fever  temperature,  may  be  tlue 
either  to  an  excessive  production  of  heat  or  to  a  deficient  dissipa- 
tion. To  umlerstand  ami  control  the  processes  by  which  the  l>ody 
temperature  is  kept  normal  it  is  necessary  to  discover  a  means  for 
ascertaining  at  any  time  the  actual  quantities  of  heat  produced 
and  dissipated,  and  the  efifect  upon  each  factor  of  different  normal 
and  pathological  conditions.  The  method  used  for  determining 
the  quantity  of  heal  is  designutcil  !i.«  calonmetry.  It  is  neces.>;tiry, 
therefore,  to  flescrilw  the  principle  jind  construction  of  calorimeters 
and  the  methods  of  calorimetry  tefore  attempting  to  explain  the 
mechanism  of  heat  regulation. 

Calorimetry. — A  calorimeter  is  an  instrument  for  measuring 
the  quantity  of  heat  given  off  from  a  lio<ly.  The  unit  employed  in 
these  determinations  is  the  calorie, — that  is,  the  amount  of  heat 
necessary  to  raise  1  gm.  of  water  1 "  C. ,  or  more  accurately  the  amount 
of  heat  required  to  raise  1  gm,  of  water  from  15*"  to  16°  C.  This 
unit  is  sometimes  designated  as  a  small  calorie  to  distinguish  it 
from  the  large  calorie  (C), — that  is,  the  quantity  of  heat  necessary 
to  raise  1  kgm.  of  water  1°  C.     The  large  calorie  is  equal  to  1000 

*  For  further  details  see  Richet,  "La  chaleur  aniinale,"  1889;  and  Pera- 
brey,  "Animal  Heat,"  Schaefer's  "Text-book  of  Pliysiology, "  vol.  i,  18«8. 
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small  calories.  In  physiology  calorimeters  have  been  used  for  two' 
main  purpt)ses:  to  determine  the  heat  equivalent  of  foods, — that  is, 
the  amount  of  heat  given  off  when  the  various  foodstuffs  are  burned, 
— and,  secondly,  to  determine  the  heat  produced  and  the  heat 
pated  by  living  animals  during  a  given  period.  For  the  first 
pose  the  apparatus  that  is  most  fretfuently  empJoyed  at  presei 
the  bomb  caiorimcter  devised  by  Bert  helot.  The  bomb  coi 
of  a  strong  st«el  cylinder  in  which  the  food  to  be  burned  is  plared 
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Fig.   800. — Reicliert'a  water  calorimeter. 

and  which  is  filled  with  oxygen.  The  combustion  of  the  foodstuff 
i.s  initiated  by  means  of  a  spiral  of  platinum  wire  heated  by  an 
electrical  current-  The  Ixirab  is  immersed  in  water  and  the  heat 
given  off  raises  the  water  to  a  measured  extent  of  temperature. 
The  weight  of  water  being  known,  the  amount  of  heat  is  easily 
expressed  in  calories.  For  the  purpose  of  measuring  the  heat 
given  off  In'  living  animals  two  principal  forma  of  calorimeter  are 
used,  each  form  having  a  number  of  modifications.  These  two 
forms  are  the  water  (■aloriineter  and  the  air  calorimeter.  The 
water  calorimeter  was  the  form  used  in  the  first  experiments  on  rec- 
ord (Crawford,  1779^.  In  principle  it  consists  of  a  double-walletl 
box  with  a  known  weight  of  water  between  the  walls.  The  ammal 
is  placed  in  Ihe  Inner  boit  mv^  \.\\^  VveaA,  ^ven.  off  is  absorbed  by  the 
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water.  Knowing  the  weight  of  the  water  and  how  much  its  tem- 
perature is  raised,  the  data  are  at  hand  for  determining  the  numl)er 
of  calories  given  off  during  the  experiment.  One  form  of  this 
variety  of  calorimeter,  used  in  this  country  by  Reichert,  is  sliown 
in  Fig.  300.  It  c'ousists  of  two  concentric  boxes  of  metal  with  a 
space  between  them  of  about  Ih  inches.  The  animal  is  placed 
in  the  inner  box  (A).  The  two  boxes  are  inclosed  in  a  large  wooden 
box,  the  space  between  the  metal  and  wooden  boxes  being  filled 
with  shavings  (SH).  The  object  of  this  outer  box  is  to  prevent 
radiation  of  heat  from  the  metal  boxes.  The  tul)es  EN  and  EX, 
which  lead  into  the  interior  chamber  containing  the  animal,  are  for 
the  entrance  antl  exit  of  the  ventilating  air.  A  thermometer  is 
placed  in  each  to  determine  the  heat  carried  off  by  the  air.  The 
thermometer,  CT,  measures  the  temperature  of  the  water,  and  S  is 
a  stirrer  to  keep  the  water  well  mixed  and  thus  insure  a  uniform 
temperature.  When  the  animal  is  placed  Jn  the  apparatus  the 
heat  given  off  warms  not  only  the  water,  but  also  the  metal;  so 
that  to  determine  the  total  heat  the  weight  of  metal  must  be  re- 
duced to  an  etiuivalent  amount  of  water  by  midtiplying  its  weight 
by  its  specific  heat,  or,  a  more  simple  method,  the  mlorimetricequiv- 
aient  of  the  apparatus  is  determined, — that  is,  the  actual  amount  of 
heat  necessarv'  to  raise  the  temperature  of  the  apparatus,  water  and 
metal,  one  degree.  This  vahte  is  obtained  by  burning  in  the  appa- 
ratus a  known  weight  of  some  substance  (alcohol,  hydrogen)  whose 
heat  of  combustion  is  known.  Knowing  how  much  heat  is  given 
off  by  this  combustion  and  how  much  the  temperature  of  the 
apparatus  is  raised,  the  calorimetric  equivalent  is  easily  calcu- 
lated and  may  be  used  suhsequently  in  estimating  the  results  ob- 
tained from  animals.  In  the  use  of  the  apparatus  many  precaii- 
tions  must  l>e  observed.  These  practical  details  neetl  not  be  des- 
cribed here  except  to  say  that  account  must  be  taken  of  the  warm- 
ing of  the  air  used  to  ventilate  the  apparatus  and  of  any  changes 
in  the  amount  of  its  moisture.  The  calorimeter  used  in  this  v/&y 
measures  directly  the  amount  of  heat  given  off  from  the  animal 
during  the  period  of  observation.  The  amount  of  heat  produced  in 
the  animal's  body  during  thi.s  time  may  be  the  same,  or  may  be 
more  or  less.  To  arrive  at  a  knowleilge  of  this  factor  observations 
must  be  made  upfin  the  animal's  body  temfjerature  by  means  of  a 
thermometer  in  the  rectum.  If  this  body  temperature  is  the  same 
^  at  the  end  as  at  the  beginning  of  the  experiment  then  it  is  obvious 
that  the  heat  produced  must  have  been  equal  to  the  heat  lost.  If 
the  animal's  body  temperature  has  fallen,  then  it  is  evident  that 
less  heat  has  been  produced  than  was  lost.  To  ascertain  how  much 
I  lees,  the  weight  of  the  animal  is  multiplied  by  its  specific  heat  (0.8) 
I  to  reduce  it  to  so  much  water,  and  this  product  is  multiplied  bv  the 

^ ■  Dtgrtizerii 
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difference  in  body  temperature  at  the  beginning  and  the  end  of 
experiment.  The  proihict  is  obtained  in  calories  and  is  subtra 
from  the  amount  of  heat  lost,  as  determinetl  by  the  calorimeter,  to 
obtain  the  amoimt  of  heat  produced.  If,  on  the  contrar>'.  the  ani- 
mal's temperature  has  risen  during  the  exjjeriment  the  body  has 
produced  more  heat  than  it  has  dissipated.  The  increase  may  be 
determined  as  above  by  multiplying  the  weight  of  the  animal,  the 
specific  heat  of  the  body,  and  the  difference  in  temperature.  This 
amoimt  added  to  the  heat  lost  gives  the  heat  produced. 

Many  investigators  have  used  some  form  of  air  calorimeter. 
.-Vn  air  calorimeter  consists  essentially  of  a  double-w.^lled  chamber 
or  box  with  air  Ijetween  tlie  walls.  The  animal  is  placed  in  the 
inner  box  and  the  heat  given  off  is  mea.sured  by  the  expansion  of 
the  air  between  the  walls-     Many  <^liffeT*ent  forms  are  us(*d,  prefer- 


Fig.  301. — D'Arsonval'a  diS«tetili»l  calorimeter. 


I 


ence  being  given  to  some  modification  of  the  differential  air  calfl- 

rimeter.   In  this  last-named  in.stniment  two  exactly  similar  chambeis 

are  constructed ;  one  contains  the  animal  while  the  other  serves  as  a 

dunomny.     These  two  chambers  are  balanced  against  each  other, 

the  air  space  in  the  dummy  l>eing  heated  by  immersion  in  a  bath  or 

by  burning  hydrogen  in  the  interior.     As  these  soiux^es  of  heat  are 

known  and  can  be  controlled,  it  is  evident  that  if  the  dummy  is 

made  to  balance  exactly  the  chaml^r  containing  the  animal  the 

amount  of  heat  j!;iven  off  in  each  is  the  same.     The  principle  of  the 

differential  calorimeter  is  represented  in  Fig.  301,  which  gives  a 

schema  of  the  form  originally  employed  by  d  'Arsonval ;    8  and  8' 

represent  the  two  calorimeters,  in  one  of  which  the  animal  is  placed 

while  the  other  acts  as  dummy.     Each  is  double  walled  and  the 

air  spaces  are  connected  by  ttd>es,  10  and  10',  to  small  gasometers. 

4,  4',  suspended  in  water  and  hung  on  opposite  sides  of  a  balance. 

The  movements  of  these  gasometers  antagonize  each  other,  and  the 

resultant  may  be  recorded  ui)on  smoked  paper,  as  indicated  in  the 

figure.* 

*  For  detailed  accuunts  of  special  forms  of  air  CHloriniet«rs  see  Riibner, 
"CaloriraetriBclie  Metliodik,"'  1 891 ;  and  Rosenthal,  "Archiv  f.  PhyBiolocMr," 
1897,  p.  170. 
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The  Rtspiralion  Calorimrttr. — When  a  calorimeter  is  so  arranged 
that  tlie  composition  of  the  air  drawn  through  the  apparatus  for 
ventilation  can  be  determined  as  well  as  the  amount  of  heat  pro- 
duced, the  apparatus  becomes  a  respiration  calorimeter.  In  such 
an  apparatus,  if  proper  provision  is  made  for  analyzing  the  urine, 
the  feces,  and  the  food,  the  total  carbon  and  nitrogen  excretion  may 
be  obtained  simultaneously  with  the  heat  loss.  Since  we  may 
calculate  from  the  carbon  and  nitrogen  excretion  how  much  pro- 
tein, fat,  and  carbohydrate  have  Iween  burnt  in  the  body,  and  since 
the  heat  values  of  these  constituents  are  Itnown,  it  is  evident  that 
we  may  reckon  indirectly  how  much  heat  ought  to  be  produced 
from  the  combustion  of  so  much  material.  This  methoil  of  arriv- 
ing at  the  heat  production  is  designated  irulireci  calorimdry.  With 
an  adequate  respiration  calorimeter  it  is  possil>le  to  ascertain 
whether  the  results  calculated  by  the  method  of  indirect  calorini- 
etry  really  correspond  with  the  heat  obtained  by  direct  measure- 
ment. In  the  hands  of  good  observers  the  correspondence  is 
very  close,  and  gives  substantial  jiroof  of  the  scientific  belief 
that  in  the  living  body  the  energy'  liberated  as  heat  or  as  heat 
and  work  is  all  contained  in  potential  form  in  the  foodstuffs 
eaten.  By  means  of  the  respiration  calorimeter  we  can  obtain  a 
balance  between  the  energy  income  and  outgo  of  the  body  as  well 
as  between  the  material  income  and  outgo, — that  is,  the  carbon  and 
nitrogen  equilibrium.  The  most  complete  and  elaborate  form  of 
respiration  calorimeter  used  is  that  devised  by  Atwater  and  Rosa  for 
experiments  upon  niiin.*  Considered  as  a  calorimeter  the  appara- 
tus used  by  these  investigators  Iielongs  to  the  typ<^  of  water  t-al- 
orimeters.  Instead,  however,  of  having  a  stationarj'  stratum  of 
water  to  l>e  warmed  by  the  heat  given  off  from  the  body,  the  appara- 
tus is  arranged  so  that  a  stream  of  water  may  be  circulated  between 
the  walls,  and  this  stream  is  so  regulated,  as  to  quantity  and 
temperature,  as  to  keep  the  temperature  of  the  ralorimeter  as  a 
constant  point.  In  other  words,  the  heat  given  of!  from  the  Iwidy 
is  carried  away  by  the  circulating  water,  and  the  quantity  of  the 
heat  may  be  calculated  when  the  temperature  and  amount  of  the 
water  are  known.  By  means  of  this  apparatus  many  interesting 
and  imporliitit  experiments  have  been  made  ujjon  the  nutrition 
of  man  under  different  physiological  and  pathological  conditions, 
and  it  seems  jjrobable  that  it  vnil  supplant  entirely  the  earlier 
forms  of  calorimeter  described  in  the  preceding  pages.  As  an 
imlication  of  its  sensitiveness  the  following  result  may  be  quoted 
of  observations  made  upon  a  man  who,  while  in  the  apparatus,  did 
much  muscular  work  on  a  bicycle  ergometer: 

•  See  Atwater  and  Rohji,  Bulletin  63,  Unit«l  States  Department  of  Agri- 
culture, 1899;  and  for  recent  inmrovetneiits,  .Vt water  and  Benedict,  "A  Re^>i- 
nition  Calorimeler,"  Carnegie  institution,  Washington,  1905. 
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iDCome:  Potential  enerjiy  of   material   tiietaliolited  in   bodv 

Outeo    i  ^"^'^  given  off  from  the  l»iiy  as  heat ....  4833  Caf. 

*     \  Heat  equivaleut  of  muscular  work 602  Cal. 


=    5459  i 


5435  CaL 


Experimental  error. 


54.15  Cat 
24  Cal. 


Results  of  Calorimetric  Measurements. — ^I'he  actual  iceulta 
obtained  from  direct  calorimetric  measurements  corroborate  those 
deduced  from  the  study  of  the  energy  given  off  in  the  oxidation  of 
the  foodstuffs  of  the  daily  diet.  They  show  that  man  gives  off  heat 
from  his  lx»dy  to  the  amount  of  40  to  50  Calories  per  kgm.  of 
weight  during  24  hours  under  conditions  of  ordinary  Hfe, — a 
total,  therefore,  of  2400  to  3000  Calories  per  day  for  an  individual 
weighing  60  kgiius.  This  aiaouut  Ls  increased  greatly  under 
conditions  demanding  much  muscular  work.  This  loss  of  heat 
is,  of  course,  made  good  by  tlie  production  of  an  equal  amount 
Avithin  the  body  by  t!ie  oxidation  of  the  food  material.  Actual 
experiments  upon  different  animals*  show  that  small  animals 
produce  more  heat  in  proportion  to  their  weight  than  larger  aninial^ 
of  the  same  species,  owing  to  their  relatively  larger  surface  and, 
therefore,  greater  loas  of  heat.  This  fact  has  been  expressed  by 
Rubner  in  what  he  calls  his  "surface  area  law."  Acr<:»rdiug  t<i 
thus  law  the  metalioHsm  hi  profwrtional  to  the  surface  area,  or 
for  the  same  amount  of  surface  area  there  will  be  the  same  pri>- 
liuction  of  heat.  He  estimates  that  in  man  there  is  produced  in 
24  hours  for  each  square  met«r  of  surface  1042  cal.  The  figures 
for  other  manunals  are  nearly  the  same.  In  small  animals  of 
a  given  sjwcies  in  which  tfie  surface  area  is  greater  relatively  U> 
the  liiass  than  in  the  larger  animals,  the  metalvolism  per  kilugram 
of  Aveight  will  ha  larger — Utr  e.xample,  in  the  human  infant  com- 
pared  with  the  adult. 


HEAT  REGULATION. 

From  a  general  standpoint  the  most  important  problem  that  the 
]^hysio]ogist  has  to  study  is  the  means  tiy  Avhich  the  heat  |)roduction 
and  heat  loss  are  so  regulated  as  to  maintain  a  practically  conHtant 
Ixidy  temperature.  Experiments  show  that  the  mechanism  of 
heat  regulation  is  verj'  complex  and  is  two-sided. — that  is.  ihe  Ixxly 
possesses  means  of  controlling  the  loss  of  heat  as  well  as  the  produc- 
tion of  heat,  and  under  the  conditions  of  normal  Ufe  both  means 
are  used. 

Regulation  of  the  Heat  Loss. — Heat  is  regvdarly  lost  from  our 
IjfHlies  in  a  number  of  tiifferent  wa>'8,  which  may  l)e  classifieii  as 
follows : 

*  So*'  Tlubm'T,  "7iW\seW\l\.  \.  ^\DVw»!e,"  19,  535,  18S3;  and  "  d-M-Ur 
des  Energicvcrbrauc\v&"  V**fi. 
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1.  Through  the  excreta,  urine,  feces,  saliva,  which  are  at  the  temperature 

of  the  iHMiy  when  voided. 

2.  Through  the  expired  uir.     This  air  is  wanner  than  the  inspire-J  aii", 

and,  moreover,  is  nearly  saturated  witli  wsLer-vapor.  The  vapciriza- 
tion  of  water  requires  hiat,  which  is,  of  eourse,  taken  from  the  boily 
Biipply.    Ettc'b  prani  of  wat«T  r»><iuirefi  for  it«  vaporization  about  I). 5  cal. 

3.  By  evaiMsration  of  the  sweat  from  the  skin.     The  amount  lost  in  this 

way  mf-reascs  naturally  with  the  amount  of  sweat  s<:reret<Kl. 

4.  By  comiuetion  and  e[ii>ecially  Ijy  ratlialion  of  heat  from  the  skin. 

The  relative  values  of  these  different  means  of  heat  loss  are 
estimated  as  follows  by  Vierordt: 

1.  By  urine  and  fe<w«. , !.8  per  cent,  or        48  calories. 

2.  By  expireil  air:  Warming  of  air '•i.5        "         "         84        " 

Vaporization  of  water  from  lungs 7.2         "         "        182        " 

3.  By  evaporation  from  skin,  . , 14.5         "         "       364        " 

4.  By  radiation  anil  cjndurtion  from  skin. . .  .73.0         "         "      1792        " 

Total  daily  loss  =  2470       " 

It  is  obvious  that  the  relative  importance  of  these  factors  will  vary 
with  conditions.  Thus,  high  external  temperatures  will  tend  to 
diminish  the  loss  from  radiation  while  increasiny  that  from  evapora- 
tion, owing  to  the  greater  production  of  sweat.  The  variation 
in  this  respect  is  welt  illustrated  by  the  following  table,  compiled 
by  Rubner,  from  experiments  made  upon  a  starving  dog:* 


: 


Tmpfiaiurt. 

CkloriM  lost  by  rmdi»- 
tion  and  cooduetioo. 

Caloriea  lost  by 

Total  raloriM  of 

•vapontioD. 

Bi«t»boliam. 

r  C. 

78.5 

7.9 

86.4 

15" 

55.3 

7.7 

63.0 

2<y 

45.3 

10.6 

55.9 

25° 

41.0 

13.2 

54.2 

30" 

33.2 

23.0 

66.2 

• 


It  will  be  noted  that  between  25**  and  30°  C.  there  was  a  marked 
increa.se  in  the  lo.ss  of  heat  through  evaporation. 

In  man  loss  of  heat  is  regnlated  chiefly  by  controlling  the  impor- 
tant factors  of  evaporation  and  radiation.  We  accomplish  this  end  in 
part  deliberataly  or  voluntarily  by  the  use  of  appropriate  clothing. 
Clothing  of  any  kind  captures  a  layer  of  warm  and  moist  air  between 
it  and  the  .skin  and  thus  diminishes  greatly  the  loss  by  evaporation 
and  by  radiation.  In  cold  weather  the  amount  and  character  of  the 
clothing  is  changed  in  order  to  diminish  the  heat  loss.  The  ideal 
clothing  for  this  purpose  is  ma<le  of  materia!,  such  as  wool,  which, 
while  porou.s  enough  to  permit  adequate  ventilation  of  the  air  next 
to  the  ."kin.  Is  at  the  same  time  a  potjr  conductor  of  heat  and  thus 
diminishes  the  main  factor  of  loss  by  radiation.  The  most  impor- 
tant means  of  controlling  the  heat  loss,  however,  is  by  automatic 

•Taken  from  Lusk.  "Elements  of  the  Science  of  Nutrition,"  Philadel- 
phia, 1906. 
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reflex  control  through  the  sweat  nerves  and  the  vasomotor  ner\-e3. 
By  these  means  the  amount  of  perspiration  evaporated  from  the 
skin  aricJ  tlie  amount  of  warm  biooil  sent  through  the  skin  arp 
controlled.  Kuhner  apeaks  of  this  side  of  the  heat  regulation 
as  the  phtfairal  mjulation.  By  its  means  the  body  may  be  saltt- 
guarded  from  an  abnormal  rise  of  temperature.  In  warm  weather 
the  secretion  of  sweat  is  greatly  increased  by  reflex  .stLinulation 
of  the  sweat  nerA-es.  The  greater  amount  of  water  requires  a 
greater  amount  of  heat  to  vaporize  it,  and  thus  the  heat  leas 
is  increased.  The  value  of  this  control  is  illustrated  by  a  case 
recorded  by  Zuntz*  of  a  man  wlio  possessed  no  sweat  glands.  In 
summer  this  individual  wjis  inrapacitated  for  work,  since  even  u 
small  doffree  uf  muscular  nrtivity  would  cause  an  increase  in  his 
body  tenii>erature  to  40°  or  41  °  C. 

The  control  through  the  vasomotor  nen.'es  is  doubtless  even 
more  important.  The  blood-vessels  bring  the  warm  blood  to  the 
skin,  where  it  loses  its  heat  by  conduction  and  especially  by  radia- 
tion to  the  cooler  air.  Wlien  the  surrounding  air  is  much  below  the 
temperature  of  the  body  the  vasoconstrictor  center  is  stimulate<i, 
the  bJood-ves-sels  in  the  skin  are  constricted,  the  supply  of  warm 
blood  to  the  skin  is  diminished,  and  therefore  the  amount  of  heat  lt>st 
is  less.  The  reflex  in  this  case  may  be  attrilnited  primarily  to  the 
action  of  the  cool  air  on  the  cold  nerves  of  the  skin.  The  impubws 
carried  by  these  fibers  to  the  nerve  centers  stimulate  the  vasocon- 
strictor center  or  that  part  of  it  controlling  the  vasomotor  fibers 
to  the  skin.  On  warm  days,  on  the  contrary,  the  blood-vessels 
in  the  skin  are  dilated  sometimes  to  an  extreme  extent,  tte 
supply  of  warm  blood  is  therefore  increased,  and  more  heat 
is  lost  if  the  air  is  lower  in  temperature  than  the  blood.  The 
reflex  m  this  case  maj'  he  regardetl  ix)ssibly  as  an  inhibition  of  the 
vasoconstrictor  center  through  the  warm  nerves  of  the  skin.  Sub- 
stances, such  as  alcohol,  which  cause  a  dilatation  of  the  skin  ves- 
sels also  increase  the  loss  of  body  heat,  in  some  cases  to  a  sufficient 
extent  to  lower  the  body  temperature.  To  a  smaller  extent  our 
heat  loss  is  controlled  through  an  acceleration  of  the  breathing 
movements.  The  greatly  increased  respirations  in  muscular  ac- 
tivity must  aid  somewhat  in  ehminating  the  excess  of  heat  produced, 
although  this  factor  must  be  much  less  important  than  the  sweating 
and  the  flushing  of  the  skin  which  are  produced  reflexly  during 
muscular  work.  In  some  of  the  lower  animals — the  dog,  for  in- 
stance— in  which  the  sweat  nerves  are  absent  over  most  of  the  body 
and  in  which  the  coat  of  hair  interferes  with  the  free  loss  by 
radiation,  it  is  found  that  the  loss  thrnugh  the  respiratory  channel  is 


*  Zuntz,  "  Deutsche  niediainal-Zeitung,"  1003.  No.  2& 


M 


REOITLATION    OK    HKAT    PRODUCTION.  935 

relatively  more  important.  The  panting  of  the  dog  is  a  familiar 
phenomenon.  Richet  has  studied  this  reflex  upon  dogs  and  has 
designated  the  greatly  accelerated  breatliing  in  warm  weather  or 
after  muscular  exercise  as  thermic  polypnea  (according  to  Gad, 
tachypnea).  He  assumes  a  special  center  for  the  reflex  situated  in 
the  medulla  and  acting  through  the  respiratory  center.  It  is  a 
curious  fact,  as  shown  by  Langlois,  that  some  reptiles  exhibit  a 
similar  reflex;  when  their  body  temperature  is  raised  to  39°  C.  they 
show  a  condition  of  marked  polypnea  (rapid  breathing)  the  ap- 
parent object  of  which  is  to  augment  the  loss  of  heat  from  the 
body. 

Regulation  of  Heat  Production. — Heat  production  is  varied 
in  the  body  by  increasing  or  tlecreasing  the  physiological  oxida- 
tions. This  end  is  effected  in  part  voluntarily  by  muscular  e:xercise 
or  by  taking  more  food.  Muscular  contractions  are  attended  by 
a  marked  lil>erat3on  of  heat  and  it  is  a  part  of  everyone's  experience 
that  by  work  or  muscular  activity  the  effect  of  outside  cold  may  be 
counteracted.  In  the  case  of  food  the  body  burns  promptly  most 
of  the  material  of  a  daily  diet.  By  increasing  the  diet  in  cold 
weather  [irovision  is  made  for  repla^-ing  the  greater  amount  of 
heat  lost  from  the  IxkIv  without  calling  upon  tlie  tissues  of  the 
botly  itself.  In  normal  individuals  this  regulation  is  not,  strictly 
speaking,  voluntary.  Outside  cold  is  most  effective  in  stimulating 
the  appetite  and  thus  leading  us  to  increase  the  diet.  In  this,  as  in 
other  res{>eets,  the  appetite  serves  to  control  the  amount  of  food  in 
proportion  to  the  needs  of  the  bo<ly.  The  purely  involuntarj'  con- 
trt>t  of  heat  production  consists  of  an  involuntary  reflex  upon  mus- 
cular uietabolisni  und  possibly  in  the  existence  of  a  special  set  of 
heat  centers  and  heat  nerves.  With  regard  to  the  first  effect  we 
have  the  striking  experiments  quoted  liy  Pfliiger,*  according  to 
which  a  rabbit  parals'zed  by  large  iloses  of  curare  is  no  longer  able 
to  maintain  its  bo<ly  temperature  when  the  outside  temperature  is 
changed.  The  rabbit  behaves,  in  fart,  tike  a  colii-bloiKled  animal. 
In  the  calorimeter  it  shows  a  marked  loss  of  tieat  production,  and  its 
temperature  may  be  made  to  go  tip  and  down  with  the  outaide 
temperature.  The  same  result  may  be  obtained  by  section  of  all 
the  motor  nerves, — that  is,  section  of  the  sjMnal  cord  in  the  upper 
cervical  region.  Rubner  has  shown  by  calorimetric  experiments 
upon  animals  that  although  the  body  temperature,  as  we  know, 
may  remain  constant  when  the  outside  temperature  is  changed, 
the  heat  production  is  increased  as  the  outside  temperature  is 
lowere<l.  This  fact  is  well  shown  by  the  following  table,  compiled 
by  Rubner,  from  experiments  made  upon  a  fasting  guinea-pigif 


♦  PflOirer  "  Archiv  f.  die  gesamrale  Phymologie, ' '  18,  255,  1878. 
t  T&kcn  from  Lusk,  loc.  cit. 
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of  animal. 

and  p«r  Idiocram  et  aanaL 

0.0°  C. 

37.0°  C. 

2.WV5 

11.1 

37.2 

2.151 

20.8 

37.4 

1.7G6 

25.7 

37.0 

l..'i40 

30.3 

37.7 

1.317 

34.9 

38.2 

1.273 

40.0 

39.5 

1454 

From  0°  to  about  35**  C.  the  animal's  body  temperature  remait 

practically  constant,  but  the  oxidations  at  the  lower  temperature 
were  over  twice  the  amount  of  tho.se  at  the  higher  temperature. 
At  about  33°  C.  the  metabolism  of  the  mammal,  according  u> 
Rubner,  is  at  its  mininmm.  From  35°  to  40°  C.  the  heat  regula- 
ting mechanism  in  the  experiments  quoted  broke  down,  in  that 
heat  loss  was  prevented  to  such  an  extent  by  the  outside  high 
temperature  that  the  body  temperature  rose  in  spite  of  the 
<ltminution  in  heat  production.  The  increased  production  of 
heat  in  the  body  in  consequence  of  a  fall  in  external  temperature 
is  a  characteristic  property  of  warm-blooded  animals.  Iluhner 
designates  this  side  of  the  regulating  mechanism  as  the  chrmicd 
regulation,  and  he  calls  attention,  moreover,  to  the  fact  that  in 
mankind,  owing  to  our  cu.stoni  of  jtmtecting  the  surface  of  the 
body  by  clothing  and  by  artificial  heat,  chemical  regulation 
plays  less  of  a  r6Ie  than  in  the  lower  animals.  Man,  in  fa<'t, 
keeps  most  of  his  skin  surrounded  by  a  warm  layer  of  air  at 
about  the  temperature  (33°  C.)  at  which  the  metabolisnj.  as 
affected  by  temperature,  is  minimal.  Cold  baths,  cold  winds, 
and  various  climatic  conditions,  such  as  high  altitudes  and  sea- 
side conditions,  may  cause  a  marked  increase  in  body  metabolism. 
Johannson*  has  shown  that  the  increased  oxidations  that  occur 
under  the  influence  of  outside  cold,  as  measured  by  the  CO,  out- 
put, occur  only  when  muscular  tension  is  increased  or  shivering 
is  noticed.  We  may  believe,  therefore,  that  the  increased  oxida- 
tions caused  by  cold  are  due  to  motor  reflexes  upon  the  skeletal 
muscles.  These  reflexes  take  place  doubtless  through  the  mottff 
fibers,  and  lead  ti>  an  augmented  muscular  tone  or  to  small  con- 
tractions (shivering),  according  to  their  intensity.  This  fact 
accords  with  one's  personal  sensations  regarding  the  condition  of 
his  muscles  in  cold  weather. 

The  Existence  of  Heat  Centers  and  Heat  Nerves. — Physi- 
ologists have  long  8up(x>sed  that  there  may  be  in  the  body  a  special 
set  of  heat  nerves  and  heat  centers,  separate  in  their  action  from  the 
motor,  secretory,  and  other  efTereut  nerves  that  influence  the  me- 

*  Johannaon,  " SVA.n4\u«LV\wi\i!e»  K.'c«Ww.^.'PVvY»Qlo©e,"  7,  123,  1897. 
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tabolism  of  the  peripheral  organs.  It  is  supposed  that  these  fibers, 
if  they  exist,  when  in  activity  augment  or  inhibit  the  physiological 
oxidations  in  the  tissues,  and  that  this  effect  has  for  its  apecific 
object  an  increase  or  decrease  in  heat  production,  outside  of  any 
fiznctional  activity  of  the  tissues.  Bernard  thought  at  first  that 
he  had  demonstrated  the  existence  of  calorific  fibers  in  the  cervical 
s\-mpathetic,  but  it  was  afterward  recognized  that  the  fibers  in 
question  are  vasoconstrictors.  Since  that  time  very  numerous 
experiments  have  been  made  with  this  object  in  view,  but  it  must 
be  admitted  that  no  conclusive  proof  has  yet  been  obtained  of  the 
existence  of  such  a  system.  The  evidence  that  has  been  most  re- 
lied upon  is  the  effect  of  lesionS;  experimental  or  pmthological,  of 
(Jefinite  portions  of  the  brain  or  cord.  The  following  facts  are 
significant:  A  number  of  observers*  have  found  that  section  or 
puncture  of  the  brain  at  the  junction  of  medulla  and  pons  causes 
an  increase  in  heat  proiluction  and  a  rise  of  temperature.  Section 
of  the  cord  in  the  cervical  region  is,  on  the  other  hand,  attended 
usually  by  a  fall  in  Irody  teinpcratmre.  These  experiments  might  be 
interpreted  to  mean  that  there  exists  in  the  brain  anterior  to  the 
meilulla  a  general  heat  center  of  an  inhibitorv  cliaracter.  Under 
normal  conditions  this  center  may  hold  the  lower  heat-producing 
centers  in  check.  When  cut  off  by  section  this  inhibitory  influence 
is  removed  and  increase  in  heat  prciduction  and  body  temperature 
results.  A  second  important  fact,  brought  out  by  Ott,t  is  that  in- 
jur>'  to  the  corpus  striatum  causes  a  rise  in  heat  production  and 
body  temperature.  This  result  has  been  confirmed  by  many  other 
investigators,  making  use  esjiecially  of  what  is  known  as  the  "  heat 
puncture."  In  this  experiment,  maile  ujxjn  rabbits,  a  probe  or 
style  is  inserted  into  the  brain  so  as  to  puncture  the  corpus  stria- 
tum. The  residt  in  the  majority  of  cases  is  a  rLse  of  temperature 
which  may  last  for  a  long  time,  although  the  animal  shows  no  par- 
alysis and  apparently  no  other  effect  from  the  operation.  Accord- 
ing to  some  observers,  J  the  increasetl  production  of  heat  takes  place 
mainly  in  the  liver,  and  is  due  to  the  oxidation  of  the  glycogen. 
According  to  others  (Aronsohn),  the  increased  production  of  heat 
occurs  mainly  in  the  muscles.  The  fever  produced  by  the  "  heat 
puncture"  seeins  to  be  due  essentially  to  an  irritation  of  the  nerv- 
ous system,  and  is  an  experimental  demonstration  of  the  possi- 
bility of  fever  arising  from  lesions  of  the  nerve  centers.  White  and 
others  have  described  sinular  disturbances  of  heat  production  from 
lesions  of  the  optic  thalamus.     Heat  centers  have  been  located 

♦  Sc*  Wood,  "Fever,"  " SmithjMniian  ContributiooB  to  Knowledge," 
Washington."  1880. 

t  (Ht,  "Journal  of  Nervous  and  Mmtal  Disease*,"  1884,  1887.  1888; 
alao  "Brain,"  l^HQ. 

X  RoUy,  "  Deutcheo  Archiv  f.  klinische  Medicin/'  78,  250,  1903. 
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also  in  the  septum  lueiduin,  in  the  cortex,  the  midbrain,  pons,  and 
medulla.  The  great  amount  of  exiKTUiiental  work  done  along 
these  lines  has  been  inspired  doubtless  by  the  hope  of  discovering; 
a  special  heat-regulating  nen.'ous  apparatuK  which  if  demonstiBted 
wouM  enable  us  to  explain  the  causation  of  fevers.  In  itA  nxist 
elaborate  form  tbiia  hypothesi.s  assimies  the  existence  of  primar\' 
heat- producing  (thermogenic)  centers  in  the  cord  and  brain  from 
which  the  calorific  or  heat  nerv^es  arise.  These  centers  in  turn  are 
controlled  by  regn.ilating  (thermotaxic)  centers  of  an  augmenting 
and  inhibitory  character  in  the  higher  portions  of  the  brain.  By 
reflex  Influences  upon  these  latter  centers  the  activity  of  the  thermo- 
genic centers  may  be  increased  or  tliminished  and  the  production 
of  heat  in  the  lx>dy  controlled.  While  s\ich  an  apparatus  may 
exist,  it  is  nevertheless  true  that  the  evidence  in  favor  of  it  so  far 
produced  has  failed  to  convince  the  majority  of  physiologists.  The 
existence  of  a  special  set  of  lieat  nerves,  in  fact,  is  still  unpniveil. 
Most  physiologists,  perhaps,  believe  that  variations  in  heat  pnv 
duction  occur,  as  stated  above,  bj*  alterations  in  the  intensity  of  thf 
oxidations  in  the  muscles  brought  alxmt  by  reflex  excitation  through 
the  motor  nerve  fibers,  and  that  a  special  set  of  heat  filjers  does  not 
exist.  We  may  at  present  adopt  the  conservative  view  that  heat 
production  and  heat  dissipation  in  the  l>otly  are  controUeti  not 
by  a  special  heat-regulating  apparatus  composed  of  heat  centers 
and  heat  nerves,  but  by  the  conorthnated  activity  of  a  number  ol 
different  centers  in  addition  to  the  voluntary  means  already 
specified.  The  unconscious  regulation  of  the  body  temperature  is 
effected  chiefly  through  the  following  centers: 

The  sweat  centers  and  sweat  nenes. 
Tlie  vasoconstrictor  center  and  tl»e  va 

uerve  fibers  to  the  skin. 
The  respirator^'  i-enter. 
The  motor  uerve  c-enters  ontl  the  motor  uerve  fiben 

to  the  skeletal  uiiisdes. 
The   quantity   and    character  of  the   food  aa  dfeter* 

uiincil  by  the  (i|ii>ctite. 


Heat  dissipation 


Heat  production  -j  „ 


Theories  of  Physiological  Oxidations. — Lavoisier  compared 
the  oxidations  in  the  bod}-  to  the  oxidation  of  organic  substances 
in  combustions  at  high  temperatures.  He  8iippose<l  that  the  mo- 
lecular oxygen  unites  liirectly  with  the  substances  oxidized  in  one 
case  as  in  the  other.  It  soon  became  evident,  however,  that  this 
direct  analogy  is  not  applirjible.  The  innterial  that  is  oxidized 
in  the  body — fats,  carlx>hydrat€8,  proteins — is  consumed  with  a 
certain  rapidity, — in  the  case  of  muscular  contractions  with  great 
rapidity, — and  we  know  that  these  same  materials  out  of  the  body 
at  a  temperature  of  39°  C.  are  oxidized  with  extreme  slowness.  It 
became  customary,  therefore,  to  sjx»ak  of  the  oxidations  in  the  body 
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as  indirect,  meaning  thereby  that  the  material  is  not  acted  upon 
directly  by  the  molecular  oxygen.  Within  recent  years  it  has  been 
shown  that  the  oxidation  in  ordinary  combust  ions — the  burning 
of  gaseous  hydrogen,  for  instance — is  uot  explained  by  assuming 
that  the  oxygen  unites  directly  wilh  the  hydrogen.  It  is  staterl, 
for  instance,  that  this  combustion  does  not  take  place  if  both  gases 
are  entirely  free  from  water  vapor;  the  presence  of  water  is  necessary 
for  the  oxidation.  Chemists  are  not  agrtH^<l  as  to  the  exact  nature 
of  simple  combustion,  and  it  is  therefore  increasingly  difficult  to 
compare  these  processes  with  the  oxidations  in  the  body.  Lea^^ing 
aside  the  details  of  the  process,  it  ma}'  still  be  believed  that  tho 
metabolism  of  material  in  the  body  by  meani?  of  which  it^  heat 
energy  is  produced  is  at  bottom  comparaljle  to  ordinary  combus- 
lions.  Oxygen  is  absolutely  necessary  to  the  process  in  each  case; 
the  same  end-products  arc  formed  and  the  same  amount  of  heat  is 
liberated  in  the  one  case  as  in  the  other.  The  fvuidamentai  point 
that  the  physiologist  is  attempting  to  soh'e  is  the  means  by  which 
the  body  accomplishes  these  oxidations  at  such  a  low  temperature. 
The  theories  suggested  to  explain  this  fact  have  changed  naturally 
with  the  advance  of  chemical  knowledge.  After  the  discovery  of 
07-one  (.Schordiein,  184t>)  anil  its  great  power  of  oxidation  as  com- 
pared with  oxygen  it  was  suggested  that  in  some  way  the  oxygen 
in  the  body  is  ozonized  and  is  thus  aljle  to  burn  the  food  material. 
Grorup-Besanez  showed  that  some  of  the  oxidations  that  take  place 
in  the  body  can  be  successfully  accomplished  outside  the  body 
with  the  aid  of  ozone,  oflpecially  in  the  presence  of  alkalies  or  alka- 
line carlmnates.  (.Hhers  suggested  that  the  oxygen  in  the  body  l>e- 
comes  converteii  to  atomic  oxygen  and  Ls  thus  enabled  to  attack  the 
tissue  materials.  Hoppe-Seyler  formulated  a  theorv'  according  to 
wliich  the  li^'irlg  molecule  is  first  split  into  smaller  molecules  by  the 
hydrolytic  action  of  ferments.  In  this  process,  as  in  fermentation,  to 
which  he  compared  it,  hydrogen  Ls  litierated  in  the  nascent  or  atomic 
state,  and  this  hydrogen  acting  uixin  the  oxygen  forms  water  with 
the  Uberation  of  some  atomic  oxygen,  which  in  txim  oxidizes  the 
split  products  of  the  fermentation.  Otliers  still  (Traul>e)  laid  stress 
upon  the  possibility  of  the  ff»rniation  of  hydrogen  peroxid  or 
similar  organic  peroxids  which  are  then  capable  of  effecting  the 
oxidation  of  the  body  material.  This  latter  theor)',  in  modified 
form  still  prevails.* 

The  great  amount  of  experimental  and  theoretical  work  upon 
the  nature  and  cause  of  physiological  oxidations  has  established 
pretty  clearly  two  general  beliefs  which  it  is  important  to  keep 
in  mind.    It  has  b«t!n  shown,  in  the  first  place,  that  the  amount  of 

♦See  Englcr  and  Weinsberg,  "Kritische  Sludicn  iiber  die  Vorgange  der 
Autoxydation,"  1904. 
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the  oxidation  Ls  governed  by  the  tissue  itself  and  not  by  the  quantity 
of  oxygen  present.  The  view  that  by  increasing  the  amount  of 
oxygen  offered  to  the  tissue  the  intensity  of  the  oxidations  can 
likewise  be  increased  was  formerly  held  and  is  still  met  with.  It 
is  often  supposed,  for  example,  that  by  breathing  pure  oxygen  the 
oxidations  of  the  body  may  be  augmented.  On  the  contrary,  the 
facts  indicate  that  when  a  sufficient  supply  of  oxygen  is  pro\'ided 
any  further  increase  has  no  immediate  effect  in  aiding  or  hastening 
the  oxidations.  The  intensity  of  the  proce.ss  is  conditioneti  by  the 
tissue  itself.  The  initial  stimidus  or  substance  that  sets  going  the 
whole  reaction  arises  within  the  tissues.  The  second  generalization 
that  seems  to  l)e  accepted  more  and  more  of  recent  years  is  that  the 
oxidations  of  the  body,  those  reactions  that  give  rise  to  much  heat, 
do  not  affect  the  living  tissue  itself.  They  take  place  under  the 
influence  of  the  living  matter,  or  by  the  aid  of  substances  (enz^Tnes) 
formed  by  the  hving  matter,  but  the  material  actually  burnt  ia  not 
organized  living  substance.  As  the  living  yeast  cells  break  down 
sugar  in  the  liquid  surrounding  them,  so  the  living  tissue  cells  metab- 
olize and  oxiilize  the  dead  food  material  contained  in  the  lym{^ 
and  tissue  liquid  in  wMch  they  are  bathed.  The  opposite  point  of 
view  was  ably  advocated  by  Pfiiiger.  Tliis  obser\'er,  in  fact,  ex- 
plained the  mysterj*  of  physiological  oxidations  by  assuming  that 
the  oxygen  together  with  the  food  material  is  sjTithesized  into  the 
highly  complex  and  unstable  living  molecules.  The  active  intrs- 
molecular  movement  within  these  molecules  leads  constantly  to  a 
breaking  down,  a  spUtting  off  of  simpler  molecules  which  consti- 
tute the  products  of  physiological  oxidation.  The  instability  of 
the  molecule  is  due  to  its  size  and  the  activity  of  the  intramolecular 
movements,  or,  as  Pfiiiger  expressed  it,  "  The  intramolecular  heat 
of  the  cell  is  its  life."  This  point  of  view,  however,  has  not  founil 
acceptance  of  late  years.  It  is  implied  or  stated  by  most  recent 
authors  that  the  food  material  is  attacked  and  oxidized  outside  the 
hving  molecule,  in  the  form  of  fat,  siigar,  protein,  etc.  The  ten- 
dency for  many  years  has  been  to  show  that  these  processes  in  the 
body  are  chemical  changes  that  do  not  differ  fundamentally  from 
similar  processes  outside  the  body.  Tlie  point  of  \iew  actually 
adopted  by  most  workers  is  that  the  hving  matter  effects  its  won- 
derful changes  in  the  food  material  with  the  aid  of  intracellular 
ferments  or  enzymes  (endo-enz.ymes).*  That  .such  enzymes  are 
formed,  one  may  say  generally  in  the  tissues  of  the  l>ody,  has  been 
brought  out  in  the  preceding  chapters  upon  Digestion  and  Nutri- 
tion, It  is  necessary  only  to  recall  the  facts  that  lipase,  the  fat- 
splitting  enzyme,  has  been  i.solated  from  many  tissues,  and  that 
in  the  liver  and  muscles  and  probably  other  tissues  there  exist 
•  For  literature,  »ec  Vernon,  "  Intracellular  Enzymes,"  Loadon,  1908. 
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enzymes  capable  of  convrrtiiig  glyt-ogcn  la  i^ugar  or  the  reverse, 
and  of  destrojang  the  sugar  completely  by  the  serial  action  of 
several  intracellular  enzymes,  Finallj',  with  regard  to  the  protein 
material,  it  is  now  recognized  that  proteolytic  enzymes  are  formed 
within  many,  if  not  ail,  of  the  living  tis-sues.  Thi.s  point  is  demon- 
strated by  the  fact  of  autoljjsi.'n, — that  is.  if  living  ti.s.sue  is  taken 
from  the  bofiy,  with  precautions  against  contamination  by  bacteria, 
and  while  under  perfect  aseptic  conditions  is  kept  warm  and 
moi.st,  it  will  digest  itself.  The  protein  is  split  up  into  the  same 
simple  hydrolytic  products  as  arc  obtained  by  l>oiling  it  with 
acitla.  It  has  been  .shown  that  this  digestion  is  due  to  enzymes — 
autolytic  enzymes — formed  within  the  living  tissue.  There  is  no 
doubt,  therefore,  of  the  existence  of  intracellular  enzymes,  and  that 
these  substances  play  a  conspicuous  part  in  the  metalxjlism  of  food 
material.  The  lipase,  the  diajsta.se,  and  the  autolytic  enzymes 
(protea-ses)  just  referred  to  all  belong  to  the  group  that  cause 
hyrlroljiic  cleavages — that  is,  they  induce  splitting  or  decompo- 
sition of  the  material  by  a  reaction  witli  water.  The  supposition 
has  naturady  bt^n  made  that  probably  the  oxidations  of  the  body 
are  effected  also  by  enzymes  which  in  some  way  activate  the 
oxygeD.  Enzymes  of  this  character  have  been  found;  they  are 
designate<l  in  general  as  oxiiiases  or  as  oxidases  and  peroxidases, 
the  former  term  referring  to  those  enzymes  that  effect  oxidations 
in  the  prest^nce  of  oxygen,  while  the  latter  is  applied  to  certain 
enzjTnes  supposed  to  act  only  in  the  presence  of  peroxids.  Bach 
and  Chodat  have  simplified  this  conception  by  the  hypothesis  that 
all  the  oxidizing  enzymes  of  the  tissues  are  peroxidases,  that  is 
to  say,  substances  which  ha\'e  the  power  of  liberating  active  oxygen 
from  hydrogen  peroxide  or  similarly  constituted  organic  peroxides. 
They  assume  that  there  are  pre-sent  in  the  tissues  certain  organic 
substances,  designated  as  oxygenases,  which  have  the  property  of 
combining  with  the  oxygen  furnished  by  t  he  blood  to  form  organic 
peroxides,  and  that  these  peroxides,  under  the  influence  of  per- 
oxidase, give  up  their  oxygen  in  atomic  or  active  form,  which  then 
effects  the  characteristic  physiological  oxidations.  This  view 
can  be  presented  schematically  by  the  following  equations,  in  which 
A  represents  the  oxygenase,  P  the  peroxidase,  and  B  the  tiss^ie 
material  which  undergoes  oxidation: 

A         +     Oj  =     AO2  (organic  peroxide) 

AOj     +     P     +     B     =     BO     +     AO     +     P. 

Oxidases  or  peroxidases  have  been  discovered  in  the  blood,  milk, 
and  in  various  of  the  tissues  of  the  lx)dy,  such  a^^  the  lymphocytes, 
sperm  cells,  etc.*    They  can  be  tested  for  by  a  number  of  reac- 

•  For  discu-ssion  and  literal urp  consult  Kit^tlo,  "The  Oxidases,"  Bulletin 
No.  59,  1910,  HyKicn,i<^  Laboratory,  Washington,  D.  C. 
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tions,  chiefly  color  reactions,  such  as  the  biuing  of  a  tincture  of 
guaiacum  in  the  presence  of  a  peroxide  or  the  conversion  of  i 
colorless  or  leucobase  to  a  colored  oxidation  product.     Some  ol 
these  oxida.>^es  or  peroxidases  have  been  given  .specific  names  ia 
accordance  with  the  particular  corapound.s  vvho.'^e  oxidation  they 
effect.     For  example,  jcnnlhinoxidase,  which  effects  the  oxidation 
of  hypoxanthin  and  xauthin  to  uric  acid;  the  glycoljlic  oxidase  or 
oxida.ses  which  effect  the  oxidation  of  the  sugars  in  the  tissues; 
tyrosinase,  which  effects  the  oxidation  of  tyrosin,  and  in  thi.s  way  is 
supposed  by  many  olwervers  to  give  rise  to  various  animal  pig- 
ments, such  as  melanin;  the  aldehydases,  whicli  effect  the  oxidation 
of  aldehydes  to  their  corresponding  acid* — salicylic  aldehyd.  for 
instance,  to  salicylic  acids.     This  list  might  be  greatly  extended, 
particularly  if  those  that  occur  in  the  plants  were  also  considered, 
but  a.s  it  is,  it  suffices  perhaps  to  illustrate  the  general  belief  regard- 
ing  the  wide-spread  occurrence  and  the  specific  properties  of  these 
important    sub-stanees.     Wherea.s    fonnerly    the    general    belief 
among  physiologists   was  that  physiological  or  vital  oxidation^ 
were  effected  as  part  of  the  metabolism  of  the  living  substance, 
the  tendeni'y  at  present  is  to  a.ssume  that  these  oxidations  are  not 
effected  tlirectly  by  changes  in  the  living  substance,  but  indirectly, 
in  that  the  latter  forms  these  oxidases  or  peroxidases,  which  have 
the  property  of  liberating  oxygen  in  an  active  form.      The  oxida- 
tions effected  by  this  means  are  the  principal  source  of  the  develop- 
ment of  heat  in  the  body — tliey  are  especially  exothermic  reactions. 
Many  other  of  the  chemical  changes  of  metabolism,  such  as  the 
hydrolytic  cleavages,  liberate  but  little  heat,  and  others  still,  such 
as  the  syntheses  of  one  kinil  or  another  in  which  there  is  a  union 
of  compounds  to  form  more  complex  substances,  may  even  be 
attended  by  an  absorption  of  heat,  that  is,  a  conversion  of  beat 
energy  to  the  energy  of  chemical  affinity.    The  oxidising  reactions^ 
constitute,  therefore,  a  large  and  very  characteristic  feature  of  the 
metabolism  of  the  warm-blooded  animals.     The  heat  thus  pro- 
duced by  the  oxidation  of  our  food  material  serves  to  maintain  the 
body  temperat  lire  at  its  normal  high  level.     In  addition  many 
physiologists  believe  that  a  portion  of  this  heat  is  used  in  the  work 
of  the  body,  the  muscular  contractions,  for  example,  or  the  growib 
of  new  living  tissue,  that  is  to  say,  they  regard  the  body  as  a  sort 
of  thermodynamical  engine  in  which  the  energy  of  the  food  is 
obtained  first  as  heat,  ntui  the  heat  is  then  utilized  in  part  for  the 
other  energj'  needs  of  the  body.     Others,  however,  are  unwilling 
to  accept  this  view  of  the  Iwdy  mechanism,  and  prefer  to  believe 
that  the  chemical  energj'  of  the  food  can  be  utilized  directly  for  the 
various  energy  needs  of  the  body  without  passing  through  the  form 
of  heat. 


exception  of  me  pnenomenon  ot  consciousness,  no 
fact  of  life  excites  more  interest  and  seems  to  offer  greater  diffi- 
culties to  an  adequate  explanation  than  the  function  of  reproduc- 
tion. The  male  rell  (spermatozoon)  and  the  female  cell  (ovum) 
unite  to  form  a  new  cell  whirh  thereupon  begins  to  grow  i-apidly 
and  produces  an  organism  thiit  in  all  of  its  manifold  ]>eeuliaritiea 
of  structure  and  function  is  essentially  a  replica  of  its  parents. 
The  fundamental  problems  presented  in  this  act  of  reproduction 
are  those  of  fertilization  and  heredity.  In  the  former  we  must 
ascertain  why  the  union  of  the  two  cells  is  necessary'  or  advanta- 
geous, and  the  secret  of  the  stimulating  influence  upon  growth  that 
arises  from  this  union.  Under  the  term  heredity  we  express  the  obvi- 
ous, yet  mysterious  fact  that  the  fertilized  ovum  of  ejich  species  de- 
velops into  a  structure  like  that  of  its  parents.  Both  of  these  im- 
portant problems  are  essentially  of  a  physiological  character, ^that 
is,  they  deal  with  properties  of  the  living  material  compo.sing  the 
reproductive  cells;  but,  at  present,  biological  investigation  along 
these  lines  is  largely  in  the  morphological  stage.  The  jmrt  of  the  sub- 
ject that  can  be  studied  with  most  success  is  the  structural  changes 
that  are  associated  with  fertilization  and  repnxluction.  fireat, 
indeed  wonderful,  progress  lias  been  made  during  the  last  century, 
but  it  is  neetlless  perhaps  to  say  that  much  remains  unexplained, 
and  that  in  this,  as  in  so  many  other  problems  of  nature,  the  greater 
our  knowle«lge  the  clearer  becomes  our  vision  of  the  difficulties  and 
complexities  of  a  Hnal  scientific  explanatioti.  Outside  these  funda- 
mental problems  there  are  other  accessoiy  functions  connected,  for 
instance,  with  the  external  genital  organs  which  in  a  measure  are  of 
more  immediate  practical  interest.  In  one  way  or  another  these 
functions  are  necessan,-  or  helpful  to  the  final  union  of  the  repro- 
ductive cells.  They  form  a  part  of  the  reproiluctive  life  which  comes 
more  immediately  under  our  observation  and  control,  and  consti- 
tute, therefore,  a  subject  which  has  been  more  accessible  to  in- 
vestigation. In  the  brief  treatment  given  in  the  following  chap- 
ters more  emphasis  is  laid  upon  this  side,  the  accessory  phenomena 
of  reproduction,  than  upon  the  deeper,  more  fundamental   prob- 
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lems,  in  view  of  the  fact  that  the  accessory  phenomena  are  the< 
which  have  at  present  the  greater  practical  interest. 

The  function  of  reproduction  is  often  omitted  from  physic 
ical  courses,  and  the  reason  perhaps  is  partly  that  the  structt 
features  and  the  development  of  the  embrj'o  have  been  assigned  to 
the  department  of  anatomy,  and  partly  because  it  is  a  function 
not  essential  to  the  maintenance  of  the  existence  and  reactiona  d 
the  organism.  The  reproductive  organs  might  be  eliminated  en- 
tirely and  the  power  of  the  bo<ly  as  an  organism  to  niaintain  itg 
individual  existence  not  be  seriously  interfered  with.  The  physitn 
logical  importance  of  the  reproductive  organs  lies  not  in  their 
co-operation  in  the  communal  life  of  the  various  parts  of  the  bodv, 
but  in  their  adaptation  to  produce  another  similar  being.  We 
may  explain,  therefore,  the  co-ordinating  mechanisms  of  the 
body  without  reference  to  the  reproductive  tissues,  except  so  fw 
as  their  supposed  internal  aecretiona  affect  general  or  specific 
metabolism. 


CHAPTER  LII. 


PHYSIOLOGY  OF  THE  FEHALE  REPRODUCTIVE 
ORGANS. 

The  Graafian  Follicle  and  the  Corpus  Luteum. — The  functional 
value  of  the  ovarj-  is  connected  with  the  formation  and  rupture 
of  the  Graafian  follicles,  whereby  an  ovum  is  liberated.  The  pri- 
mordial follicles  consist  of  an  ovum  surrounded  by  a  layer  of  fol- 
licular epithelium.  Beginning  at  a  certain  time  after  birth  and 
continuing  throughout  the  period  of  active  sexual  life,  some  of  thoee 
primordial  follicles  develop  into  mature  Graafian  follicles  and  mi- 
grate to  the  surface  of  the  ovary.  The  change  consists  in  a  pro- 
liferation of  the  follicular  epithelium  and  the  formation  of  a  serous 
liquid,  the  liquor  foUiculi,  between  the  layers  of  this  epithelium. 
In  the  matured  follicle  there  is  a  connective  tissue  covering,  the 
tkeca  foUiculi,  formed  from  the  stroma  of  the  ovary  and  consisting 
of  two  coats  or  tunics — the  external  and  the  internal.  The  cells 
in  the  internal  tunic  develop  a  yellowish  pigment  as  the  follicle 
grows,  and  are  .sometimes  designateti  as  lutein  cells..  Within  the 
capsule  formed  by  the  internal  tunic  there  is  a  layer  of  follicular 
cells  known  as  the  memhrana  granulosa  and  attached  to  one  aide 
is  a  mass  of  the  same  cells,  the  discus  protigerus — ^ within  which 
the  ovum  is  imbedded.  The  follicular  liquid  lies  between.  This 
liquid  increases  in  amount,  and  when  the  folhcle  has  reached  the 
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surface  it  forms  a  vesicit  projecting  to  the  exterior.  This  projecting 
[xirtion  is  nearly  bloodless  and  thinner  than  the  rest  of  the  wall  of 
the  follicle.  It  is  designated  as  the  stigma.  When  fully  mature  the 
follicle  ruptures  at  the  htigma  and  the  egg,  together  with  the  sur- 
rounding folhcular  cells  of  the  discus  proligerus  and  a  jx>rtion  of  the 
membrana  granulosa,  is  extnided,  the  egg  ijeing  received  into  the 
open  end  of  the  Fallopian  tulje.  According  to  Clark,*  the  rupture  of 
the  follicle  is  brought  about  by  an  increasing  vascular  congestion 
of  the  ovar>'.  The  tension  within  the  ovary  m  thereby  increased, 
the  follicle  is  forced  to  the  svirfacc*.  and  the  circulation  at  the  most 
projecting  portion  is  interfered  with  to  such  an  extent  as  to  cause 
necrotic  changes  at  the  stigina,  at  which  rapture  finally  occurs.  After 
the  bursting  of  the  follicle  it.s  walls  collapse,  antl  the  central  cavity 
receives  also  some  blood  from  the  niptured  vessels  of  the  theca. 
Later  on  the  v&sicle  becomes  filled  with  cells  containing  a  yellow 
pigment.  These  cells  increase  rapidly  and  form  a  festooned  l>order 
of  increasing  thickness  around  the  central  bloo<l  clot.  The  vesicle 
at  this  stage,  on  account  of  the  yellow  color  of  the  new  cells,  is 
known  lus  u  corpus  luteum.  The  stnicture  thus  fonned  increases 
in  size  for  a  period  ami  then  undergoes  retrogressive  changes  and 
is  finally  completely  absorbed.  The  duration  of  the  iieriod  of  growth 
and  retrogre-ssion  varies  according  as  the  egg  liberated  becomes 
fertilized  or  not.  If  fertilization  does  not  occur,  as  is  the  case  in 
the  usual  monthly  perio<ls,  the  corpus  luteum  reaches  its  maximum 
size  within  two  to  three  weeks  and  then  begins  to  be  aljsorbed. 
It  is  frequently  tlcsignated  under  these  circumstances  as  the  false 
corjjus  luteum  (corpus  hiteimi  spurium)  or  corpus  luteum  of  men- 
struation. In  case  the  egg  is  fertilizetl  ami  the  woman  becomes 
pregnant  the  life  liistor>-  of  the  corpus  luteum  is  nuich  prolonged. 
Instead  of  undergoing  absorption  after  the  third  week  it  continues 
to  increase  in  size  by  multiplication  of  the  lutein  cells  during  the 
first  few  months  of  pregnancy,  and  tloes  not  show  retrogressive 
changes  until  the  sixth  month  or  later.  The  totJil  size  of  the  corpus 
in  such  csasea  is  much  larger  I  ban  in  menstruation,  and  it  was  des- 
ignated, therefore,  by  the  oliler  writers  as  the  true  corpus  luteum 
(corpus  luteum  ventm)  or  corpus  luteum  of  pregnancy.  Lat«r 
observers  agree  tliat  there  is  no  essential  difference  in  structure 
between  the  tnie  and  the  false  corpus  luteum,  although  the  former 
has  a  longer  historv'  and  attains  a  greater  size.  The  fioint  of 
greatest  stnictiiral  interest  in  the  corpus  hi teum  is  the  origin  of  the 
yellow  (lutein)  cells.  Histologists  have  been  and  still  are  ilivided 
upon  this  point;  some  belie\'e  that  they  ari.se  from  the  cells  of  the 
membrana  granulosa,  others  that  they  come  from  the  connective 
tissue  cells  in  the  internal  capsule  (theca  interna)  of  the  follicle, 
•Clwk,  ■'.liihns  Hopkins  Hospital  Reports,"  7,  181,  1898, 
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The  majority  of  writers  seem  to  favor  the  latter  view.*  Regarding 
the  physiological  importance  of  the  corpus  opinions  also  differ. 
Some  regard  it  as  simply  a  protective  mechamara  by  means  of 
which  the  empty  space  in  the  follicle  is  filled  up  by  a  tissue  which  i« 
afterward  easily  absorbed,  instead  of  ijy  scar  tissue.  Others,  how- 
ever, attribute  to  the  lutein  cells  secretor>'  functions  of  the  most 
important  cliaracter  in  connection  with  the  subsequent  develop- 
ment of  the  egg  and  the  activities  of  the  ut«rus.  Some  reference 
will  be  made  to  these  views  farther  on. 

Menstruation. — ^The  attainment  of  sexual  maturity  or  puljerty 
is  marked  by  a  number  of  visible  changes  in  the  body,  but  in  the 
female  the  characteristic  change  is  the  appearance  of  the  men- 
strual fli»w  from  the  utenis.  The  age  at  which  this  phenomenon 
oticurs  shows  many  indi\idual  variations,  but  the  average  for 
temperate  climates  is  given  usually  at  14  to  15  years,  in  tfw 
warmer  countries  the  age  is  earlier, — 8  to  10  years, — and  in  the  cold 
regions  somewhat  later, — 16  years.  The  racial  characteristic  in 
this  respect  is  said  to  be  maintained,  however,  after  generations  of 
residence  in  countries  of  a  different  climate,  as  is  illustrated  by  the 
relatively  early  appearance  of  menstruation  among  Jews  even  in 
the  colder  countries.  Aft«r  the  phenomenon  appears  it  occurs  iX 
regidar  inter\'al3  of  28  days,  more  or  less,  and  hence  is  known  as 
the  monthly  period,  menses,  menstruation,  or  catamenia.  The 
interval  is  not  absolutely  regidar,  ami  shows  many  indi\idu&l 
variations  within  limits  which  may  be  placed  at  20  to  35  daj-s. 
Absence  of  the  menstrual  fiow  is  designated  as  a  condition  of  amen- 
orrhea. Certain  premonitory  Eymptoms  usually  precede  the 
appearance  of  the  menses,  such  as  pains  in  the  back  or  head  or 
a  general  feeling  of  discomfort,  although  in  some  cases  these  s>Tnp- 
toms  are  absent.  When  these  premonitory  symptoms  are  unusually 
painful  or  serious  and  the  flow  is  lUfficult  or  irregular  the  condition 
is  designated  as  dysmenorrhea.  The  flow  begins  with  a  dischaiige  of 
mucus,  whicli  later  becomes  mixed  with  blood.  The  quantity  of 
blood  lost  is  subject  to  infli\idual  variations,  but  it  may  amount  to 
as  much  as  100  to  2(K)  gms.  The  flow  continues  for  3  or  4  days 
and  then  subsides.  Under  normal  conrUtioiis  this  phenomenon 
occurs  regularly  throughout  sexual  life, — that  is,  during  the  perkxi 
in  which  conception  is  possible.  If  fertilization  occurs  the  flow 
ceases  normally  during  pregnancy  and  the  period  of  lactation.  At 
the  forty-fifth  to  the  fiftieth  year  the  flow  dissippears  permanently, 
and  this  change  marks  what  is  known  as  the  natural  menopause, 
climacteric,  or  change  of  life.  The  change  is  sometimes  abrupt, 
lometimes   ver>'    gradual,    being    preceded    by    irregularities   in 

*  For  discussion  nnd  litpralure  see  Marshall,  "The  Physiolocy-  of  HeprcH 
ilurtion,"  I.onrlon.  1910;  utid  lAteb,  "Journal  of  the  .American  Medical  AflBod*' 
tion,"  IDOli,  xlvi.,  4UJ. 
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menstruation,  and  it  is  not  infrequently  asaociated  with  psychical 
and  physical  disturbances  of  a  serious  character.  If  at  any  lime 
during  sexual  life  the  ovaries  rire  completely  removed  by  surgical 
operation  menstruation  is  brought  to  a  close,  this  condition  being 
designated  as  artificial  menopavise. 

Structural  Changes  in  the  Uterus  During  Menstruation. — Men- 
struation is  a  phenouienou  of  the  uterus.  The  lining  mucous  mem- 
brane, the  endometriumj.  in  the  period  of  four  or  five  days  preceding 
the  flow,  beconies  rapidly  thicker  and  its  superficial  layers  are  con- 
gested with  blood,  and  indeed  in  places  small  collections  of  blood 
may  be  noticed.  Opinions  differ  very  much  as  to  the  change  under- 
gone by  this  thickened  membrane  during  the  flow.  According  to 
some  authors,  most  of  the  membrane  is  thrown  oflf  and  the  blood 
escapes  from  the  denuded  surface  mixed  with  pieces  of  the  mem- 
brane. According  to  others,  no  material  destruction  of  the  mem- 
brane occurs,  the  blood  that  escapes  being  due  to  small  capillary 
extravasations  or  perhaps  mainly  to  a  process  of  diapedesis.  It 
would  seem  that  the  amount  of  destruction  of  the  endometrium 
must  be  subject  to  intli\'idual  variations.  After  the  cessation  of 
the  flow  the  mucous  membrane  is  rapidly  repaired  by  regenerative 
changes  in  the  tissues;  the  surface  epithelium^  if  denuded,  is  re- 
placed by  proliferation  of  the  cells  lining  the  uterine  glands  and 
the  thickened,  edematous  condition  of  the  membrane  rapidly  sub- 
sides during  a  period  of  six  or  8e\'en  days.  W^le  the  escape  of 
blood  takes  place  only  from  the  surface  of  the  uterus,  the  other 
reproductive  organs^the  ovarj',  the  Fallopian  tubes,  and  even  the 
external  genital  organs— nshare  to  some  extent  in  the  vascular  con- 
gestion exhibited  by  the  uterus  during  the  period  preceding  the 
menstrual  flow.  The  mucous  membrane  of  the  uterus  may  be  said 
to  exhibit  a  constantly  recurring  menstnaal  cycle  which  falls  into 
four  periods:  (1)  Period  of  growth  in  the  few  (5)  days  preceding 
menstruation,  characterized  by  a  rapid  increase  in  the  stroma, 
blood-vessels,  epithelium,  etc.,  of  the  membrane.  (2)  The  men- 
struation or  jieriod  of  degeneration  (4  days),  during  which  the 
capillar>'  hemorrhage  takes  place  and  the  epithelium  suffers  de- 
generative clianges  and  is  cast  off  more  or  less.  (3)  The  period  of 
regeneration  (7  days),  during  which  the  mucous  membrane  returns 
to  its  nomml  size.  (4)  The  perioti  of  rest  (12  days),  dimng  which 
the  endometrium  remains  in  a  quiescent  condition. 

The  Phenomenon  of  Heat  (CEstnis)  in  Lower  Mamm&ls.^ — 
The  phenomenon  known  aa  heat  iti  lower  mammals  resembles,  in 
many  essential  respects,  menstruation  in  human  beings,  and  they 
may  be  regarded  as  homologous  functions.  Heat  is  a  period  of 
aexual  excitement  which  occurs  one  or  more  times  during  the  year 
and  during  which  the  female  wilt  take  the  male.    The  condition 
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lasts,  as  a  rule,  for  several  days,  and  in  the  female  is  aerompanied 
by  cbftnges  which  resemble  those  of  menstniation.  The  external 
gendtal  organs  become  swollen  and  in  many  animals  there  is  t 
discharge  of  mucus  or  mucus  ami  blood  from  the  utenjs.  His- 
tologically the  raucous  membrane  of  the  litems  undergoes  change 
similar  to  those  of  menstruation — that  is,  the  membrane  increase* 
in  size  and  becomes  congestett  with  blood — and  it  exhibits  a  phase 
of  degeneration  during  which  some  of  the  epithelial  lining  may  be 
cast  off  and  some  hemorrhage  occur.  As  in  the  case  of  the  men- 
strual period,  the  heat  period  or  trstrous  cycle  may  be  dixided  into 
four  subperiods  (Marshall  and  Jolly) :  the  profrstrum,  during  which 
the  genital  organs  are  congested  and  bleeding  occurs,  correepondB 
with  menstruation:  the  atitru,^,  the  period  of  sexual  desire;  the 
metastrum,  the  period  of  repair  and  return  to  normal  contlitions, 
and  the  anceatrum.  the  period  of  rest.  If  sexual  union  is  prevented 
during  this  period  heat  passes  away  in  a  few  days,  but  recure  again 
at  intervals  which  var>'  in  the  different  mammals:  4  weeks  in  the 
monkey,  mare,  etc.:  .3  to  4  weeks  in  the  cow;  2^  to  4  weeks  in  the 
sheep;  9  to  18  days  in  the  sow;  12  to  16  weeks  in  the  bitch,  etc 
The  recurrence  of  the  period  under  these  circumstances  suggests 
at  once  the  es.sential  re-^emblance  to  the  monthly  periods  of  women. 
.\rcording  to  Heape's  most  interesting  observations  upon  monkew 
(Semnopithecusi.*  some  of  these  animals  show  a  regular  monthly 
flow  lasting  for  4  days,  except  when  conception  takes  place.  The 
changes  during  heat  must  be  considered  as  physiologically  ho- 
mologous to  those  of  menstnjation.  The  sexual  excitement  that 
attends  the  condition  in  the  lower  animyls  is  not  distinctly  repre- 
sented in  man,  although  it  is  commonly  said  that  in  the  period 
following  menstruation  the  sexual  desire  is  stronger  than  at  other 
times,  but  in  the  changes  undergone  by  the  uterus  and  the  fact 
that  these  changes  are  conncet<Hl,  as  a  rule,  with  the  liberation 
of  an  egg  from  the  ovary  (ovulation),  the  two  phenomena  are 
physiologically  sijuilar. 

Relation  of  the  Ovaries  to  Menstruation. — It  appears  to  be 
clearly  demonstratetl  that  the  phenomenon  of  menstruation  is  de- 
pendent upon  a  periodical  activity  in  the  ovaries.  When  the 
ovaries  are  completely  removed  menstruation  ceases  (artificial 
menopause)  and  the  uterus  undergoes  atrophy.  When  the  ovaries 
are  congenitally  lacking  or  rudimentary,  a  condition  of  amenorrhea 
also  exists.  These  facta  and  the  connection  of  the  ovaries  with 
menstruation  are  further  corroborated  in  a  striking  way  by  experi- 
ments upon  transplantation  or  grafting  of  the  ovar>'.  This  experi- 
ment has  been  performed  upon  lower  animals  (apes)  as  well  as  upon 

*Heape,   "  PhilcwjphicaJ   Transactions.  Royal  Society,"  185  fB).  U 
and  188  (B),  1897. 
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human  beinps.  Kermival  of  both  ovaries  in  apes  is  followed  by  u  crs- 
8Htion  of  niensti-uutioii.  Transplantation  of  an  ovary  uiider  the  skin 
serves  to  maintain  menstruation,  but  if  subsequently  removed  this 
function  disappears.*  In  the  human  being  Jlorris  and  Glass  ob- 
lained  similar  results. f  An  ovary  or  a  piece  of  an  ovary  trans- 
[>!anted  into  the  uterus  itself  or  the  broad  ligament  caused  a  re- 
turn of  the  menstrual  periods  which  had  ceased  after  surgical  re- 
moval of  the  glands,  or  brought  on  free  menstniation  in  conditions 
of  amenorrhea  or  dysmenorrhea. 

Many  views  have  been  proposed  lo  explain  this  relationship 
l>etween  ovary  anfl  uterus.  In  most  cases  it  has  been  assumed 
that  the  menstruation  in  the  uterus  is  connected  with  the  act  of 
ovulation, — that  is,  the  ripening  and  discharge  of  a  (Iraafian  follicle. 
Gynecologists,  it  is  true,  have  accumulateil  facta  to  show  that  ovu- 
lation may  occur  independently  tif  meustruatiun,  but,  as  a  rule, 
the  two  acts  occur  together,  not  sitnultaneously,  but  in  a  definite 
»e(iuence,  aiul  the  significance  of  menstruation  is  to  be  found  in  its 
physiological  connection  with  the  fate  of  the  ovum.  It  was 
believed  at  first  that  the  processes  in  the  ovary  inHuence  the 
uterus  by  a  nervous  reflex.  This  \iew  finds  its  most  complete 
expression  in  the  theor>'  formulated  by  Pfliiger.  According  to  this 
physiologist,  the  congestion  of  the  uterus  which  leads  to  menstrua- 
tion and  tJie  congestion  of  the  ovary  which  leads  to  ovulation  are 
both  reflex  vasodilator  effects  due  to  the  mechanical  stinmlation 
of  the  sensor}-  ncr\'es  of  the  ovar>'  by  the  growth  in  size  of  the  fol- 
licle. As  this  structure  develops  the  mechanical  stimulus  increases 
in  intensity,  the  congestion  in  Ixith  organs  becomes  more  pro- 
nounced and  leads  finally  to  the  bursting  of  the  follicle  and  the 
hemorrhage  in  the  uterus.  This  very  attractive  theon."  does  not, 
however,  accord  with  the  facta.  CJoltz  and  Rein|  have  shown  by 
experiments  upon  dogs  that  when  the  nerves  going  to  the  uterus 
are  completely  severcil  from  their  central  coimections  the  animals 
can  be  fertilized,  bei-omc  pn'gnan!,  and  give  birth  to  a  litter  of 
young.  Moreover,  the  exixfriments  upon  transplantation  referred 
to  above  seem  to  show  quite  conclu.'^ively  that  a  nen'ous  connection 
is  not  essential  to  the  influence  that  the  o^'ar\■  exerts  upon  the 
uterus.  The  present  \'iew,  therefore,  is  that  this  influence  is  exertetl 
through  the  hloodj — the  other  great  system  connecting  the  organ.s 
with  one  another.  The  usual  a&sumption  Li  that  the  ovaries  form  an 
internal  secretion  which  is  given  to  the  blood  or  lymph  and  upon 
reaching  the  uterine  tissues  .serves  iu  stimulate  the  amcous  mem- 
brane to  a  more  active  growth.      Phis  theory"  has  been  elaboratetl 


*Halban.  "Deutsche  GiAsellsclmft  f.  Gviiiikol.  "  y.  1901. 

fGlsM.  '-MedicaJ  News,"  J23,  IHW:  .Nlorris,    •Medical  Kcoord,"  S3,   lyoi. 

i  Rein   "  .\rchiv  f.  die  gcKamratu  Physiologie,"  vol.  xxiii. 
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most  fully  perhaps  by  Fracnkel,*  who  believes  that  this  int 
secretion  is  furnished  by  the  yellow  cells  ui  the  corpus  luteum. 
This  observer,  from  the  results  of  operations  upon  women,  Ijelieves 
that  tlie  (ivuni  is  normally  dLseharged  two  weeks  before  meustrun- 
tion.  and  the  resultijig  increasetl  activity  of  the  cells  of  the  corpus 
luteum  is  responsilile  for  thij  secretion  whirli  stimulates  the  uterus 
to  the  augmented  growth  that  takes  place  in  the  premenstrual 
period.  Wliether  or  not  the  monthly  change  in  the  endometrium 
is  directly  dependent  upon  an  internal  secretion  from  the  ovary 
is  an  in<lepeTi(lf!nt  cyclic  process  peculiar  to  this  tissue,  there 
to  be  no  diiulit  that  the  physiological  integrity  of  the  uterus  asi 
whole  is  dependent  upon  the  ovaries.  Ren)oval  of  the  ovariw 
in  the  young  prevents  the  normal  development  of  the  uterus, 
while  removal  in  the  adult  causes  a  degeneration  of  the  uterus, 
which,  however,  can  be  averte<l  by  a  successful  transplantation 
of  ovarian  tissue. f  In  the  lower  nninuds  Marshall  iind  JollyJ 
have  been  able  to  show  tliat  extracts  of  the  ovaries,  taken  frum 
an  animal  in  or  just  before  heat  (proa'strous  or  oestrous  periiKl), 
when  injectetl  into  an  animal  tluritig  the  anoestrum  bring  on  i 
transient  coiuiition  of  heat.  Tiiese  authfirs  do  not  beh"eve,  how- 
ever, that  the  chemical  stimulus  (hormone)  formed  in  the  ovary 
is  developed  by  the  cells  of  the  corpus  luteum,  since  according 
to  their  observation  on  cats  and  flogs  ovulation  does  not  occur 
until  after  heat  li:i.s  licgun  ( proo'st ni m  t . 

The  Physiological  Significance  of  Menstruation. — Naturally 
many  views  have  fjHeen  proposed  to  explain  tiie  significance  of  men- 
struation. According  to  the  Mosaic  law,  it  is  a  process  of  purifica- 
tion; others  have  seen  in  it  a  mechanism  to  remove  an  excess  of 
nutriment  in  the  Ijody ;  !nit  .since  the  period  in  which  our  knowl- 
edge of  the  stnicture  of  the  organs  concerned  and  of  the  histo- 
logical changes  during  the  act  became  more  definite,  theories  of  ihe 
meaning  of  menstruation  have  usually  assumed  that  it  is  a  prepara- 
tion ft)r  the  reception  of  the  fertilized  ovum.  These  views  have 
taken  two  divergent  forms  acconhng  as  the  act  of  ovulation  wu 
believed  to  precede  or  to  hapj>en  simultaneously  with  or  subse- 
quently to  the  act  of  menstruation.  According  to  one  \new,  the 
swelling  and  congestion  of  the  membrane  constitute  a  prepara- 
tion for  the  reception  of  the  fertihze<l  ovura.  If  the  ovum  fails  of 
fertilization,  then  degenerative  changes  ensue,  and  the  membrane 

*  Fraenkel,  ".-^hiv  f.  Gynakologie. "  68,2,  1903.  Seo  also  Ibni, 
" Monatsschrif t  f.  Gpljurtsbillfe  u.  Gynfikol,"  21,  515,  1905,  for  discuasiao 
and  extensive  literal iirp. 

tCarmichael  and  Jolly,  "Proc.  Roy.  Soc."  B,  79,  1907,  and  MatshaO 
and  Jolly,  "Roy.  Soc.  Fxliiib.,"  4.5,  589,  11)07. 

t  MarHhall  and  Jolly,  "Philosophical  Tranaactioiu,  Royal  Society," 
London,  1905,  B.  cxcvili.)  09. 
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or  a  portion  of  it  is  cast  off  in  the  menstral  fluw,  while  the  re- 
mainder is  sitxsurlied.  Accurding  tu  this  view,  mciisti-uation  is  an 
indication  that  fertilization  htia  not  taken  place.*  This  view 
falls  in  with  the  belief  thut  ovulation  normally  precedes  menstiaia- 
tion  by  a  considerable  interval.  A  modification  or  extension  of 
this  general  hy[»(ithe.sis  is  propused  by  Bryee  and  Teaclier.f 
They  believe  that  the  process  of  menstruation  is  a  cyclic  one, 
which  has  for  its  object  the  preparation  of  the  endometrium  for 
the  reception  rtf  the  ovum.  The  monthly  regeneration  keeps 
this  membrane  in  thy,t  condition  of  ytjuthful  in'italjility  which 
enables  it  to  respond  proniptl)'  to  the  stimulus  of  the  ovum  by 
the  formation  of  a  decidua.  The  other  point  of  view  was  advo- 
cated especially  by  Pfluger  in  connection  with  his  tlieor}^  of  a 
common  cau.se  of  ovulation  and  menstruatiim.  He  as.sumed  tliat 
menstruation  occurs  before  the  ovum  readies  the  uterus  and  that 
its  physiolot!;ical  value  lies  in  the  fact  that  a  raw  surface  is  thus  made 
upon  which  the  ovum  is  grafted.  Menstruation,  according  to  him, 
is  an  operation  of  nature  for  the  grafting  of  the  fertilized  ovum 
upon  the  maternal  organism.  This  view  finds  considerable  support 
in  the  fact  that  in  some  of  the  lower  animals  (dogs)  the  flow  of 
blood   (prmFstrum)   precedes  fertilization. 

The  Efifect  of  the  Menstrual  Cycle  on  Other  Functions. — It 
is  natural  to  suppose  thut  such  marked  changes  as  occur  in  the 
ovarj'  and  uterus  during  the  menstrual  cycle  should  have  an  in- 
fluence ufxin  other  parts  of  the  body.  As  a  matter  of  fact,  it  is 
known  that  in  general  the  sense  of  well-being  varies  with  the  phases 
of  the  cycle.  At  the  time  of  or  in  the  period  just  preceding  the 
menstrual  flow  there  is  usmiUy  a  more  or  less  marked  sense  of  ill- 
being  or  despondenc}*,  and  a  diminution  in  general  efficiency. 
Among  the  various  observations  made  by  olijedtive  methods  ujwn 
the  functions  of  the  different  organs  during  these  periods  the  most 
significant,  probably,  are  tho.se  u[X>n  blood-pressure.  According 
to  Mosher.t  the  blood-pressure  falls  at  the  time  of  the  menstrual 
periods.  The  curves  obtained  in  these  experiments  are  not  entirely 
regular,  but  at  or  near  the  menstruation  the  blocKl-pressure  falls 
«lowly,  the  maximum  fall  being  coincident  with  the  api>earance  of 
the  f?ow.  It  would  seem  probable  that  the  fall  of  general  blood- 
pressure  is  due  directly  to  the  vtiscular  dilatation  in  the  genital  or- 
gans and  in  turn  is  reajxinsible  for  some  of  the  secondary  phenomena 
observed  in  the  organism  as  a  whole.  Similarly,  Zuntz  records 
that  during  the  menstrual  period  there  is  a  fall  in  pulse-rate  and 

•  Thw  v](?w  fitula  t'xprcs.^iion  in  the  uphori.<«ms:  "Women  menstruate 
becaufl<?  thcv  iln  not  canceivp,"  Powera,  and  "The  meastrual  crisis  is  the 
physioloprnl  homn1r>Kuc  of  fmrturition,"  Jarobi. 

t  Brypc  and  Teufher,  "  Ejirly  Development  and  ImboddinR  of  the  Human 
Ovum."  KHW. 

t  Moeher,  "The  Johns  Hopkina  Hospit.al  Bulletin,"  1901. 
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in  body  tcnipamture,  SO  that,  SO  far  as  the  feniale  w  oonoenied,  there 
is  evidence  of  a  periodic  osdllation  In  pressure,  rate,  and  teoipcTa- 
ture  sjmchroooiis  with  the  menses,  and  it  is  probable  that  other 
funetians  and  even  the  psytdiical  states  may  be  affected  by  this 
rhythm.  Smne  observers  daim  to  have  obtained  similar  periodical 
falls  in  blood-pressure  in  men,  suggesting  the  idea  that  has  fre- 
quently been  expressed,  that  in  man  as  well  as  woman  there  is  a 
riiythmical  activity  of  the  genital  organs,  a  reproductive  cjrde 
that  in  man  may  be  referred  to  the  develoi»nent  and  extrusion 
of  the  spermatosoa  in  the  testis,  as  in  woman  it  is  connected  with 
the  growth  and  expulsion  o(  the  ova  in  the  folficks  oS  the  ovar>'. 
This  suggestion  at  present  has  very  little  prerise  evidence  in  its 
favor. 

The  Fasiage  of  the  Ovum  into  the  Utems.— The  means  by 
which  the  ovum  gains  entrance  to  the  Fallo|Man  tubes  has  given 
rise  to  much  speculation  and  some  interesting  experiments.  It 
was  fonneriy  believed  (Haller)  that  at  the  time  of  ovulation  the 
fimbriated  aid  of  the  Fallopian  tube  is  brou^t  against  the  ovary, 
the  movement  being  due  to  a  ocmgestion  or  a  sort  of  erecti<m  of  the 
fimbris.  This  movement  has  not  been  observed,  and,  as  experi- 
ments show  that  small  objects  introduced  into  the  pdvic  cavity  nn 
taken  up  by  the  tubes,  it  is  believed  that  the  cilia  upon  the  fimbria 
and  in  the  tubes  may  suffice  to  set  up  a  current  that  is  sufficient 
to  direct  the  movements  of  the  ovum.  Attention  has  bem  called 
to  the  fact  that  in  animals  with  a  hicomate  uterus  the  ova  may 
be  literated  from  the  ovary  on  one  aide,  as  shown  by  the  presem-e 
of  the  corpora  lutca,  while  the  embr\'08  are  developed  in  the  hon 
of  the  other  flide.  As  further  evidence  for  the  same  possibility  of 
iiilKrutinn  it  has  Ijeen  shown  that  the  ovary  may  be  excised  on  one 
Hide  and  the  tiom  of  the  uterus  on  the  other  and  yet  the  animal  may 
iM'corne  i>r(>^nant  after  sexual  union.  It  would  seem  probaUe. 
therefore,  that  the  ovum  is  di8charge<l  into  the  pehnc  cavity  and 
may  be  (ruught  up  by  the  ciliar>'  movements  at  the  end  of  the  tube 
on  the  sjirne  Hi<Ie,  or  may  traverse  the  pelvic  cavity  in  the  narrcm- 
sfMiocs  Ixstwccn  the  viscera  and  be  received  by  the  tube  on  the 
other  Hide.  Such  a  view  explains  the  possible  occurrence  of  true 
atxloriiiiial  pref;nancicH,  and  Huggests  also  the  possibility  that  ova 
may  at  tini(>H  fail  to  reach  the  uterus  at  all  and  may  undergo  de- 
st  met  ion  and  alxsorption  in  the  alxlominal  cavity.  In  some  of 
th<'  Utwvr  anitiials — the  dog,  for  example — provision  is  made  for 
tho  iii<>n>  (rertjiin  entrance  of  the  ova  into  the  tubes  by  the  fact 
that  the  latter  end  in  connection  with  a  membranous  sac  of  peri- 
U)rn'Uin  which  rnvol(>f)o.s  the  ovar\'.  The  sexual  fertilization  of  the 
ovum  is  siip|K).s<>d  to  t-ake  jilacc  shortly  after  its  entrance  into 
tin'   hillopi.-m  tulM»,  .since  Hpcmiatozoa  liave  been  found  in  thi* 
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region,  and  the  fertilized  ovum^  before  reaching  the  seat  of  its  im- 
plantation in  the  body  of  the  uterus,  has  begun  its  development. 

f  By  the  act  of  coitus  the  spermatozoa  are  deposited  at  tfie  nunith 
of  the  uterus,  whence  they  make  tlieir  way  toward  the  tuhet. 
being  guided  in  their  nuKenients  very  probal>ly  by  the  c»])p(i8ing 
furoe  <if  the  cihary  contriictions  in  the  uterus.  It  is  known  that 
the  cilia  of  the  tubea  and  uteiiis  contract  so  as  to  ch"ive  inert 
objects  toward  the  vagina  and  they  carry  the  egg  in  this  din-clion, 
but  the  spermatozoa,  being  moved  by  the  contractions  nf  their 
iiwn  cilia  or  tails,  are  stimulatetl  tn  advance  against  this  ri!(nr\- 
current.  The  act  of  fertilization  of  the  ovum  is  preceded  by 
certain  preparnton**  changen  in  the  ovum  itself  which  are  dc*«cribed 
mider  the  term  maturation. 

I        Haturation  of  the  Ovum. — Tlie  process  of  maturation  occurs 

'  before  or  just  after  the  sjK-rruatuziKin  cntei-s  the  ovutii.     At    the 
time  the  latter  is  extimlcd  from  tiie  fctllide  it  is  a  single  r-cll  sur- 
rounded by  a  layer  of  fol- 
licular epithelium    fonning 

the  corona   radiata.  which  ' 

is   subsequently  lust.     The  ^ 

egg  proper  consists  of  cyto- 
phtsm  and  a  nucleus  or 
germinal  vesicle  containmg 
a  nucleolus  or  gerniiuid 
spot.  Witliin  the  cyto- 
plasm is  a  definite  collec- 
tion of  food  material  or 
yolk  which  is  sometimes 
designated  :is  ilcutoplasm. 
The  whole  structure  is  sur- 
roundefl  by  a  membrane 
known  as  the  zona  radiata 
{Fig.  302).  Before  or  after 
tlie  egg  reaches  the  Fal- 
lopian tube  its  nucleus  undergoes  the  changes  preparatory  to 
a  mitotic  division.  The  changes  that  occur  in  an  ordinury  cell 
division  are  reprcsental  schematically  in  Fig.  303.  The  nucleus 
at  first  presents  the  (>rdinary  chromatin  network,  and  in  t!ie 
cytophjsm  lip3  the  minute  structure  known  as  the  centrosome. 
This  latter  divides  into  two  daugiiter-centrosomes  (h)  which  move 
to  opposite  sides  of  the  nucleus  mid  become  surrounded  liy  rays, 
each  centrf>sonic  witli  its  rjtdiating  system  forming  an  lustro- 
sphere.  The  ciironiatin  material  in  the  nucleus  nieatiwhile  has 
collected  into  larger  threads   known   as  chromosomes   (c),   and 

J  the  nuclear  membrane  disajipears  (rf).     The  number  of  chromo- 


Fig.  ;502. — Fluitmnnvum  (Z>«,  tiiMlifJeil  fruoi 
Nagel) :  n,  Nurlciin  (KPrmilial  vcihicI^}  cuntuiuuig 
the  amebiiiil  huH^oIun  (gcruiinal  -^IkiO.  >t,  ueu- 
Uiiilnsniic  (utipj  p,  iirotiiplamnic  lone;  t,  icmu 
rajiata;   a.  penvitelhu  spkoe. 
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someB  is  definite  fw  each  species  ai  animaL  The  chromoaomeB 
arrange  themselves  equatorially  between  the  astrospheroa  and  then 
each  divides  longitudinally  into  two  parts  (/) .  These  parts  migrate 
or  are  drawn  toward  their  respective  centrosomes  (g,h,i)f  and  this 
division  is  followed  by  a  separation  of  the  cytoplasm  into  two 
parts.  Thus,  two  daughter-cells  are  formed,  each  containing  the 
same  number  of  chromosomes  as  the  parent  cell,  but  only  half  the 
amount  of  chromatin  material.  The  cell  division  results  in  a 
quantitative  reduction  of  the  chromatin  material.  In  ordinaiy 
cell  division  the  chromosomes  again  form  a  resting  reticulum  and 
a  nuclear  membrane  and  the  chromatin  substance  increases  in 
quantity.  In  the  ovum  during  maturation  two  sucoeesive  cell- 
divisions  occur  which  resemble  the  typical  cell-diviaion  just 
described,  except  that  the  daughter-cells  are  of  very  unequal  sixe 
and  that  they  contain  each  only  half  the  normal  number  of 
chromosomes.  In  the  first  division,  known  sometimes  as  the 
heterotypical  division,  the  process  is  preceded  by  a  fusion  of  the 
chromosomes  in  pairs.  In  the  division  that  ensues  the  pairs  of 
chromosomes  are  split,  one  part  going  to  each  cell,  with  the  result 
that  each  of  the  latter  now  contains  half  the  number  of  chromo- 
somes— and  each  chromosome  is  an  entire  one  from  the  parent 
cell,  instead  of  half  a;  one,  as  in  the  usual  cell  division.  The  two 
resulting  cells  are  of  very  unequal  size,  the  larger  one  is  designated 
still  as  the  ovum,  the  smaller  one  as  the  first  polar  body.  The 
oNTim  now  divides  again  (homotypical  division),  throwing  off  a 
8e<;(»nd  polar  body.  In  this  division  the  chromosomes,  according 
to  some  observers,  divide  transversely,  according  to  others,  they 
divide  longitudinally  as  in  typical  cell  division.*  In  the  formation 
and  extrusion  of  the  two  polar  ))odies  the  matured  ovum  ha^i  suf- 
foro<i  a  ({uantitative  and  perhaps  a  ({ualitative  reduction  in  chroma- 
tin material,  and  Ls  left  with  <mly  half  its  numl)er  of  chromosomes. 
Since  the  first  polar  body  after  its  separation  may  again  divide  into 
two  cells,  the  process  of  maturation  results  in  the  formation  of  four 
cells,  throe  of  which  are  iKilar  bodies  and  may  be  regar(ie<i  as  al>or- 
tivo  ova.  The  fourth,  the  matured  ovum,  retains  practically  all  of 
the  original  cytoplasm,  but  has  lost  a  part  of  its  chromatin  material 
and,  according  to  Boveri,  also  its  centrc^omc.  The  production 
of  these  four  cells  may  l)e  represented,  therefore,  by  a  schema  of 
the  kin<l  shown  in  Fig.  304.  The  details  of  this  process  of  forma- 
tion of  the  |M)lar  liodies  and  of  reduction  in  chromatin  material 
diiT<>r  somnwhat  in  different  animals.t  The  process  has  not  been 
followed  in  the  human  ovum,  but  since  it  occurs  in  the  eggs  of  all 

*  For  further  details  sec  Bryce  in  Embryolofcy,  "Quain's  Anatomy,"  I90R. 
t  For  lietiiils  see  Wilson,  "The  Cell  in  Devdo|Mnait  and  Inberitanor,'* 
New  York. 
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animals  with  sexual  reproduction,  so  far  as  they  have  h>een  studied, 
it  is  justifiable  to  assume  that  a  similar  change  takes  place  in  man. 
From  a  biological  standpoint  the  reduction  of  chroniosom^ 
throws  much  light  upon  the  significance  of  fertilization  by  the  male 
cell.  The  spermatuztjon  l>efore  it  ii^  ripe  undergoes  a  proces.s  of 
maturation  essentially  similar  tn  that  de.scribed  for  the  ovum. 
Two  cell  divisions  take  place  with  the  formation  of  four  spermatozoa, 
each  of  which,  however,  is  a  functional  spermatozoon.  In  the  pro- 
cess of  division  the  number  of  chromosomes  in  each  cell  is  reduced 

--—Ovarian  egg. 


•  Firrt  polar  wwiy 


llAtura  egg ^HB      ^  ^       ^"^ Abortive  ova  resulting 

lH)laj-  boity. 
Seooad  polar  body  (abortive  ovtun). 
Fig.  304. — Soh«ma  to  indicate  the  ptooeos  of  maturation  of  the  ovtun. — {Bmeri.) 


^ 


by  half.  When  the  matured  ovum  and  the  matured  spermatozoon 
fuse,  therefore,  each  brings  half  the  normal  number  of  chromosomes, 
and  the  resulting  fertilized  ovum  is  a  cell  with  its  chromosomes 
restored  to  their  usual  number.  The  chromatin  material  has  been 
regarded  as  the  essential  part  of  the  reproductive  element.  Accord- 
ing to  some  authors  it  is  the  substance  which  has  the  iwwer  of 
development  and  which  conveys  the  hereditary  structure  specific 
to  the  animal.  The  process  which  causes  each  element  to  lose  a 
part  of  this  material  beforr  its  union  with  the  cell  <if  the  opposite 
sex  is,  from  this  standpoint,  a  ]>ruvision  by  means  of  which  the 
fertilized  egg,  from  which  the  offspring  flovelopa,  shall  inherit  the 
characteristics  of  each  parent,  without  increase  in  the  typical 
number  of  the  chromo.somes.* 

Fertilization  of  the  Ovum.^The  spermatozoon  comes  into 
contact  with  the  ovum  probably  at  the  beginning  of  the  Fallopian 
tulies.  The  meeting  of  the  two  cells  is  possibly  not  simply  a  matter 
of  accidental  contact,  although  the  number  of  spermatozoa  dis- 
charged by  the  male  at  coitus  is  so  great  that  there  would  seem 
to  be  little  chance  for  the  ovum  to  fail  to  meet  some  of  them.  Ex- 
peinments  upon  the  reproductive  elements  of  plants  indicate,  how- 
ever, that  the  egg  may  contain  sub.stances  which  serve  to  attract 
the  spermatozoon,  within  a  certain  radius,  by  that  force  which 

*  For  a  popular  presentatioa  see  Boveri,  "Das  Problem  der  Befruchtung," 
Jena,  1902. 
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is  described  under  the  name  of  chemotaxis.    However  thb  may  be 
the  egg  unites  with  a  spermatozoon  and  under  normal  conditioi 
with  only  one.     A  number  of  the  spermatozoa   may   penetrat- 
the  zomi  radiata,  but  so  .soon  as  one  has  come  into  contact  witV» 
the  cytoplasm  of  the  egg  a  reaction  en.sues  in  the  surface  layer 
which  makes  it  impervious  to  other  spermatozoa.     The  spermato- 
zoon consists  of  three  essential  parts, — the  head,  the  middle  piece, 
and  the  tail.     The  last  named  is  the  organ  of  locomotion,  and 
after  the  spermatozoon  enters  the  egg  this  portion  atrophies  and 
disappears,  probably  by  absorption.    The  head  of  the  spermato- 
zoon represents  the  nucleus,  and  contains  the  valuable  chromatin 
material.     On  entering  the  egg  it  moves  toward  the  nucleus  of  the 
latter,  meanwhile  enlarging  and  taking  on  the  character  of  a  nu- 
cleus.   The  egg  now  contains  two  nuclei, — one  lielonging  to  it  origi- 
nally, the  female  pronucleus;    one  brought  intx)  it  by  the  sperma- 
tozoon, the  male  pronucleus.    The  two  come  together  and  fuse, 
— superficially  at  lea.st, — forming  the  nucleus  of  the  fertilized  egg,  or 
the  segmentation  nucleus.     The  midiUe  piece  of  the  spennatozooo 
also  enters  the  egg,  but  its  exact  function  and  fate  is  still  a  matter 
of  uncertainty.     Boveri  l>elieves  that  it  brings  into  the  egg  a 
centrosoint-  or  material  which  induces  the  formation  of  a  centro- 
some  in  the  ovum,  and  h,  therefore,  of  thegrfafest  importance  in 
initiating  the  actual  process  of  cell  division  wluch  be-gins  promptly 
after  the  fusion  of  the  nuclei.     In  the  segmentation  nucleus  the  nor- 
mal number  of  chromosomes  is  restored,  and  it  is  believed  that  in 
the  subsequent  di\'isions  of  the  cell  to  form  the  embryo  tiie  chromo- 
somes are  so  divided  that  each  cell  gets  some  maternal  and  some 
paternal  chromosomes,  and  thus  shares!  the  hereditary  characteris- 
tics of  each  parent.     This  view  is  represented  in  a  schematic  way 
by  Fig.  305,  taken  from  Boveri,  the  maternal  and  paternal  chromt>- 
Bomes  being  indicated  by  different  colors.     According  to  this  descri|H 
tion,  botli  egg  and  spermatozoon  are  incomplete  cells  Ix-fore  fusion. 
The  egg  contains  a  nucleus  and  a  large  cell  body,  cytoplairm,  rich  in 
nutritive  material,  but  it  lacks  a  centrosome  or  the  conditions  neces- 
sary for  the  formation  of  an  astmsphere,  so  that  it  cannot  mul- 
tiply.    The  spemiatozoiin  has  ako  <'hromatin  for  a  nucleus,  and 
a  centrosome  or  the  material  which  may  give  rise  to  a  centrosome. 
but  it   lacks  cytoplaj>m — that  is,   food  material   for  growth.      It 
would  seem  that  if  the  spermatozoon  could  be  given  a  quantity 
of  cytoplasm  it  would  proceed  to  tlevelop  an  embr^'o  without  the 
aid  of  an  ovum.    This  experiment  has,  in  fact,  been  made  by 
Boveri.     Eggs  of  the  sea-urchin  were  shaken  violently  so  as  to 
break  them  into  fragments.     If  now  a  .spermatozoon  entered  one  of 
these  fragments,  which  consisted  only  of  cytoplasm,  cell  multiplica- 
tion began  and  priicecAoA  Vq  VW  iavvwsi.lvaw  of  a  larva.    On  the  other 
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lianft  it  would  seem  to  be  equally  evident  that  if  a  centrosome  was 
prew'nt  in  the  egg  or  some  influence  could  be  brought  to  bear  upon 
it  to  initiate  the  process  of  cell  division,  it  would  develop  with- 
out a  spemiatozuun.  In  some  animals  eggs  do  normally  de- 
velop at  times  without  fertilization  by  a  spennatozoon  (par- 
thenogenesis), the  eggs  that  have  this  property  probably  pre- 
serving their  centrosotiieis.  Loeb*  haa  shown,  howe\cr,  in  some 
most  interesting  experiments  that  certain  eggs,  esjiecially  those  of 
the  sea-urchin  {Strongylocentrotiis  purpuratiis),  which  normally 
<levelop  by  fertilization  with  spermatozoa,  may  be  made  to  de- 
velop by  physicochenncal  means.  His  latest  method  is  to  treat 
the  e^  for  a  minute  or  two  with  an  acid  (aeetic,  formic,  etc.), 
which  causes  the  fonnation  of  a  membrane.  They  are  then  placed 
for  a  certain  interval  in  a  hyi^ertonic  sea  water,  made  by  adding 
sodium  chlorid  to  ordinary  sea  water.  I'liey  are  then  transferred 
to  normal  sea  water  and  after  an  hour  or  so  they  begin  to  multiply 
and  eventually  develoj)  into  normal  larvae.  Similar  although  leas 
complete  results  wen-  obtained  (previously  by  Morgan.  Experi- 
ments of  this  charartfT  would  indicate  that  the  sj>ermatozoon 
brings  into  the  ovum  definite  substances,  wliifh,  by  chemical  or 
psychocheniical  means,  initiate  and  control  the  process  of  segmen- 
tation. Suggestions  as  to  the  nature  of  these  substances  are  at 
present  very  hypothetical. 

Implantation  of  the  Ovum. — After  fertilization  in  the  tube  the 
ovum  begins  to  segment  and  multiply,  and  meanwlxile  is  carrie<l 
toward  the  uterus,  probably  by  the  action  of  the  cilia  lining  the  tube. 
Upon  reaching  the  uavity  of  the  uterus  it  licconics  attached  to  the 
mucous  membrane,  usually  in  the  neighlmrhood  of  the  fundus. 
The  membrane  of  the  utcms  has  become  much  thickened  mean- 
while, and  in  this  condition  is  known  usually  as  the  decidua.  The 
}K)rtion  to  whicii  the  egg  Ijccumes  attached  is  the  decidua  serotina, 
and  it  eventually  develops  into  the  placenta,  the  organ  tlmjugh 
which  the  matenml  nutriment  is  supplied  to  the  fetus.  Tlie  ovum 
has  made  considerable  progress  in  its  development  before  reaching 
the  ut«rus,  having  formed  amnion  and  chorion,  with  chorionic  villi. 
Some  of  the  ectodermal  cells  in  the  chorion  become  specializcil  to 
form  a  group  of  trophoblastic  cells  whicli  have  a  digestive  action, 
and  it  is  suggested  that  the  activity  of  these  cells  enables  the  ovum 
to  become  attached  to  the  decidual  mend>rane  and  to  hollow  out 
spaces  in  w!ii<'h  the  chorionic  papilla  become  insertcd-t  The  further 
development  of  the  egg  into  a  fetus,  the  fornuition  of  the  decidua 
graviditatis.  and  the  placenta  are  anatomical  features  that  need 
not  l>e  described  here.     Detail'^  of  these  .stnictures  will  be  found 

•  I,,oeb.  "Univrrsily  of  California  Pubticatione,"  2,  pp.  S.3,  80,  and  113, 
1«05.    ikv  aI.MO  Wilson,  ".Archiv  f.  f-ntwink.  Mcrhanik."  12,  1901. 

t  See  Minot,  " Transactiona  of  the  American  Gyncrnl«Ki«*al  SoriPty,"  lfl04. 
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in  works  on  anatomy,  embn^ology,  or  obstetrics.  On  the  phys- 
iological side  it  hits  been  found  that  removal  of  the  ovaries,  or  even 
destruction  of  the  corpora  liitea,  shortly  after  pregnancy  has  begun 
brinp;s  the  process  to  an  end.  while  a  similar  operation  later  in 
pregnancy  has  no  effect  upon  the  developing  fetus  or  the  subsequent 
act  of  parturition.  It  seems,  tlierefnrc.  that  the  process  of  implan- 
tation of  the  ovum  in  the  uterine  mucous  membrane  and  the  devel- 
opment of  a  placenta  are  dependent  in  some  way  upon  the  ovaria. 
The  apparent  explanation  of  the  connection  is  given  in  the  hypothe- 
sis that  the  corpora  lutea,  during  their  rapid  development  at  the 
beginning  of  pregnancy,  give  off  an  internal  secretion  which  controls 
or  influences  in  some  essential  way  the  processes  connected  with 
the  fixing  of  the  fertilized  ovum.* 

The  Nutrition  of  the  Embryo — Physiology  of  the  Placentt. 
■ — At  the  time  of  fertilization  the  ovum  contains  a  small  amount 
of  nutriment  in  its  cytoplasm.  The  amount,  however,  in  the  mam- 
malian ovum  is  small  ami  suffices  probably  only  for  the  initial  stages 
of  growth.  When  the  ovum  becomes  implanted  in  the  <leciduAl 
membrane  of  the  utenis  the  new  material  for  growth  must  be  ab- 
sorbed directly  from  the  maternal  blood  of  the  utenis.  Within 
a  short  time,  however,  the  chorionic  villi  l»egin  to  burrow  into  the 
uterine  membrane  at  the  point  of  attachment,  the  decidua  serotina, 
and  the  placenta  gradually  forms  as  a  definite  organ  for  the  control 
of  fetal  nutrition.  The  details  of  histological  structure  of  this 
oi^an  must  be  obtained  from  anatomical  sources.  For  the  purposes 
of  understanding  its  general  functions  it  is  sufficient  to  recall  that 
the  placenta  consist-s  essentially  of  vascular  chorionic  pap>illae  from 
the  fetus  bathed  in  large  blood-spaces  in  the  decidual  membrane  of 
the  mother.  The  fetal  and  the  maternal  blood  do  not  come  into 
actual  contact;  they  are  separated  from  each  other  by  the  walls  of 
the  fetal  blood-vessels  and  the  epithelial  layers  of  the  chorionic  villi, 
but  an  active  diffusion  relation  is  set  up  Ije-tween  them.  Nutritive 
material,  protein,  fat,  and  carbohydrate,  and  oxygen  pass  from 
the  maternal  to  the  fetal  blood,  and  the  waste  products  of  fetal 
metalxtlism — carl)on  dioxid,  nitrogenous  wastes,  etc.,  pass  from  the 
fetal  to  the  maternal  blood.  The  nutrition  of  the  fetal  tissues  is 
maintained,  in  fact,  in  much  the  same  way  as  though  it  were  an 
actual  part  of  the  maternal  organism.  That  material  passes  from 
the  matjprnal  to  the  fetal  blood  is  a  necessart'  inference  from  the 
growth  of  the  fetus.  The  fact  has  also  l>een  demonstrated  repeat- 
edly by  direct  experiment.  Matlrier  added  to  the  food  of  the  mother 
colors  the  bones  of  the  embrj-o.  JSalta  of  various  kinds,  .sugar,  drugs,' 
etc.,  injected  into  the  maternal  circulation  may  aften^-ard  be  de- 
tected in  the  fetal  blood.     But  we  are  far  from  having  data  that 
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would  justify  its  in  supposing  that  the  exchange  between  tht 
two  bloods  is  effected  by  ttie  known  physical  procesiises  of  os- 
mosis, diffusion,  and  filtration.  The  difficulties  in  understanding 
the  exchange  in  this  ca.se  arc  the  same  as  in  the  al>sorption  of  nour- 
ishment by  the  tissues  generally.  It  is  perhaps  generally  assumed 
that  the  chorionic  villi  play  an  active  part  in  the  process,  func- 
tioning, in  fact,  in  much  the  siime  way  as  the  intestinal  villi.  This 
assumption  implies  that  tlie  epithelial  cells  of  the  villi  take  an  active 
part  in  the  absorption  of  mutcrial  by  virtue  of  processes  which  can- 
not be  wholly  explained,  but  which  without  doubt  are  due  to  the 
chemical  am!  physical  properties  of  the  substance  of  which  they  are 
composed.  TJiis  assumption  does  not  mean  that  the  simjiler 
and  better  understood  physical  properties  of  diffusion  and  osmosis 
are  not  al.so  inijxtrtant.  The  respiratory  exchange  of  gases,  the 
diffusion  of  water,  salt-s,  and  sugar,  may  be  largely  controlled  in  this 
way.  There  are  no  facts  at  least  which  contrailict  such  an  assump- 
tion. The  passage  of  fats  and  proteins,  however,  would  seem  to 
require  some  special  activity  In  the  chorionic  tissue,  which  may  be 
connected  with  the  presence  of  special  enzymes.  Glycogen  occurs 
in  the  placenta  itself  and  in  all  the  tis.sues  of  the  embryo  during  the 
period  of  most  active  growth.  In  the  later  jjeriod  of  embryonic 
life,  as  the  liver  assumes  its  functions,  the  glycogen  becomes 
more  localized  to  this  organ  and  disappears,  except  for  traces, 
in  the  skin,  lungs,  and  other  tissues  in  which  it  was  present  at 
first  in  con.siderable  quantities.  It  would  appear,  therefore,  that 
glycogen  (sugar)  represents  one  of  the  important  materials  for  the 
growth  of  the  embrvo,  and  that  in  the  l.)eginjung  at  least  the  tissues 
generally  have  a  glycogenetic  power.  The  sugar  brought  to  the 
placenta  in  the  maternal  blood  passes  over  into  the  fetal  blood  and 
the  excess  beyond  that  immetliately  consume<l  is  deposited  in  the 
tissues  as  glycogen.  The  boily  fat  of  the  fetus  is  at  first  slight  in 
amount,  but  after  the  sixth  month  begins  to  increase  with  some 
rapidity.  The  fat-forming  tissues  are  in  full  activity,  therefore, 
before  birth,  and  function  doubtless  in  the  same  way  as  in 
the  adult,  Before  hirth  also  the  various  organs  begin  to  take  on 
their  normal  activity.  The  kidney  may  form  urine  long  liefore 
birth,  as  is  shown  by  the  presence  of  tliis  secretion  in  the  bladder, 
and,  shortly  before  birth  at  least,  it  has  the  power  of  producing 
hippuric  acid,  as  may  be  shown  by  injecting  benzoates  into  the 
bkxjd  of  the  mother.  The  kidney  functions  of  the  embr>'o,  how- 
ever, are  doubtless  performed  chiefly  hy  the  placenta  and  the 
kidney  of  the  mother  up  to  the  time  of  birth.  That  the  liver  also 
begins  to  assume  its  functions  early  is  shown  by  the  fact  that  from 
the  fifth  to  the  sixth  month  one  may  find  bile  in  tlie  gall-bla<lder. 
In  the  intestine,  colon,  there  is  found  also  a  collection  of  excrement, 
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the  urine  increases  during  pregnancy  and  esp)eeially  during  labor 

•  (Slemmons*). 
Parturition. — The  fetus  "  romes  to  tenn  "  usually  in  the  tenth 
menstrual  period  after  ronception — that  is,  about  2tS0  days  after 
the  last  menstruation.  The  actual  time  of  delivery,  However, 
shows  considerable  variation.  Delivery  occurs  in  consequence  of 
contractions,  more  or  less  periotlical,  of  the  musculature  of  the 
utenis,  and  reflex  as  well  as  voluntar\-  contractions  of  the  abdom- 
inal mu.gcle8.  It  has  been  shown  that  delivery-  may  occur  when  the 
nerves  connecting  the  uterus  with  the  central  nervous  system  are 
severed,  so  that  the  act  is  essentially  an  independent  function  of 
the  uterus,  although  under  nornuil  conditions  the  contractions  of 
this  organ  are  tloubtless  influenced  by  reflex  effects  through  its 
extrinsic  nerves.  It  has  been  shown  that  contractions  of  the  gravid 
utenis  may  be  caused  by  stimulation  of  various  sensorj'  nerves,  and 
in  women  it  is  knoi^Ti  that  deliveri'  may  be  precipitated  prematurely 
by  various  mental  or  physical  tlisturbances.  The  interesting  prob- 
lem physiologically  is  to  determine  the  normal  factor  or  factors  that 
bring  on  uterine  contractions  at  terra.  Various  more  or  less  unsatis- 
factory theories  have  been  proposed.  Some  authors  attribute 
the  act  to  a  change  in  the  matenial  organism,  such  as  mechani- 
cal distension  of  the  utents,  a  venous  condition  of  the  blood,  a 
degenerative  change  in  the  placenta,  etc.,  while  others  suppose  that 
the  ii)itial  stimulus  comes  from  the  fetus.  In  the  latter  case  it 
is  suggested  that  the  increasing  metabolism  of  the  fetus  is  insuffi- 
ciently provided  for  by  the  placental  exchange,  and  that  therefore 
certain  products  are  formed  which  serve  to  stimulate  the  uterus 
to  contraction. 

The  duration  of  the  labor  pains  is  variable,  but  usually  they  are 
fonger  in  priinipara*.  ten  to  twenty  hours  nr  more,  thnn  in  multip- 
ane.  After  the  fetus  is  delivered  the  contractions  of  the  uterus 
continue  until  the  placenta  also  is  expelled  as  the  "after-birth." 
During  these  latter  contractions  the  fetal  blood  in  the  placenta  is, 
for  the  most  part,  squeezed  into  the  circulation  of  the  new-bom 
child.  The  hemorrhage  from  the  walls  of  the  uterus  due  to  the  rup- 
ture of  the  placenta  may  be  profuse  at  first,  but  under  normal  cou- 
ditions  is  soon  controlletl  by  the  firm  contraction  of  the  uterine  walls. 

The  Mammary  Glands. — At  the  time  of  puberty  the  mam- 
marj'  glands  increase  in  size,  but  this  growth  is  confined  mainly 
to  the  connective  tissue;  the  true  glandular  tissue  remains  rudi- 
mentary and  functionless.  At  the  time  of  conception  the  gland- 
ular tissue  is  in  i'ome  wa>'  stimulated  to  growth.  Secreting  alveoli 
are  formed,  and  during  the  latter  part  of  pregnane)'  they  produce 
•nn  incomplete  secretion,  scsnty  in  amount,  known  as  colostrum. 

•  Slemnmrw,  "The  Johiw  Hopkins  Hospital  Repurtu,"  12,  HI,  1904. 
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After  delivery  the  gland  e\idently  is  again  brought  under  the 
influence  of  special  stimuli.  It  becomes  rapidly  enlarged  and  a 
more  abundant  secretion  is  formed.  For  the  first  day  or  two 
this  secretion  still  has  the  characteristics  of  colostrum,  but  on 
the  third  or  fourth  day  the  true  milk  is  formetl  and  thereafter  ia 
produced  abimdantly,  during  the  period  of  lactation,  under  the  in- 
fluence of  the  act  of  milking.  If  during  this  period  a  new  con- 
ception occurs  the  milk  secretion  is  altered  in  composition  and 
finally  cea.ses.  On  the  other  hand,  if  the  act  of  nursing  is  aban- 
doned permanently  the  glaniis  after  a  preliminar\-  stage  of  turgid- 
ity  undergo  retrogressive  changes  that  result  in  the  cessation  of 
8ecretor)'  activity.  The  cohjstrum  secretion  tliat  occurs  during 
pregnancy  and  for  a  day  or  two  aft«r  birth  differs  from  milk  in 
its  composition  and  histological  structure.  It  is  a  tliin,  yellowish 
liquid  containing  a  larger  percent-age  of  albumin  and  globulin 
and  a  smaller  percentage  of  milk-sugar  and  fat  than  normal  milk. 
Under  the  microscope  it  shows,  in  addition  to  some  fat  droplets, 
certain  large  elements, — the  colostrum  corpuscles.  These  con- 
sist of  spherical  cells  filled  with  fat  tlroplets,  and  are  most  probably 
leucocytes  filleil  with  fat  which  they  have  ingested.  Coloetrum 
corpuscles  may  occur  in  milk  whenever  the  secretion  of  the  gland 
is  bterfered  with,  and  their  presence  may  be  taken  as  an  imli- 
cation  of  an  incomplete  secretion. 

The  Connection  Between  the  Uterus  and  the  Mammarj 
Gland. — The  physiological  connection  between  the  uterus  and 
the  mammarj'  gland  is  shown  by  the  facts  mentioned  in  the  p^^• 
ceding  paragraph.  That  the  ovar}'  also  shares  in  this  influence 
either  directly  or  through  its  effect  on  the  uterus  is  shown  hy 
the  fact  that  after  complete  ovariotomy  the  mamnmr>'  gland  un<lcr- 
goes  atrophy.  This  undoubted  influence  of  one  organ  upon  the 
other  might  be  exerted  either  through  the  central  nervous  system 
or  by  way  of  the  circulation.  There  are  indications  thtit  the 
secretion  of  the  mammar\'  glands  b  under  the  control,  to  some 
extent  at  least,  of  the  central  nen'ous  system.  For  instance,  in 
women  during  the  period  of  lactation  cases  have  been  reeortied 
in  which  the  secretion  was  altered  or  perhaps  entirely  suppriSKd 
by  strong  emotions,  by  an  epileptic  attack,  etc.  This  indiesttoa 
fafts  not  received  satisfactor>'  confirmation  from  the  side  of  «• 
perimental  physiolog>%  Ecklmnl  found  that  section  of  the  main 
nerve-trunk  su])plying  the  gland  in  goata,  the  external  spennatie, 
caused  no  difference  in  the  quantity  or  quality  of  the  aecrrtioa. 
Rohrig  obfaineii  more  positive  results,  inasmuch  as  he  found  thai 
•ome  of  the  branches  of  the  external  spermatic  supply  vasomotor 
fibers  to  the  blood-vessels  of  the  gland  and  influence  the  secretion 
of  milk  by  controlling  the  local  blood-flow  in  the  gland.    SectioB 
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of  the  inferior  branch  of  this  nerve,  for  example,  gave  increased 
secretion,  while  stimulation  caused  diminiahed  secretion,  as  in  the 
case  of  the  vasoconstrictor  fibers  to  the  kidney.  These  results 
have  not  been  confirmed  bj'  others — in  fact,  they  have  been  sub- 
jected to  adverse  criticism — and  they  cannot,  therefore,  be  ac- 
cepted unhesitatingly. 

After  apparently  complete  separation  of  the  gland  from  all  its 
extrinsic  nerves,  not  only  does  the  secretion,  if  it  was  previously 
present,  continue  to  form,  although  less  in  quantity,  but  in  opera- 
tions of  this  kind  upon  pregnant  animals  the  glands  incretise  in  size 
during  pregnancy  and  Ijecome  functional  after  the  act  of  parturi- 
tion.* This  result  confirms  the  older  experiments  of  Goltz,  Rein, 
and  others,  according?  to  which  section  of  all  the  nerves  going  to 
the  uterus  does  not  prevent  the  normal  effect  on  lactation  after 
delivery.  Regarding  the  question  of  the  existence  of  secretory 
nerves,  Baschf  reports  that  extirpation  of  the  celiac  ganglion  or 
section  of  the  spermatic  nerve  does  not  prevent  the  secretion,  but 
causes  the  appearance  of  rolo.strum  corpuscles. 

Experiments,  therefore,  as  far  as  they  have  been  carried  in- 
dicate that  the  gland  is  under  the  regidating  control  of  the  cen- 
tral nervous  system,  either  through  secretoiy  or  more  probably 
through  vasomotor  fibers.  The  bond  of  connection  between  the 
mammary  gland  anil  the  uterus  is.  however,  established  mainly 
through  the  blood  rather  than  through  the  nervous  system.  Some 
direct  evidence  for  this  point  of  view  is  furnished  by  the  interesting 
experiments  of  Starling  and  Lane-Clay pon. J  These  authors  found 
that  extracts  made  from  the  body  of  the  fetus,  or  rather  from  the 
bodies  of  many  fetuses,  when  injected  repeatedly  into  a  virgin  rabbit 
caused  a  genuine  development  of  the  mammary  glands  closely 
simulating  the  growth  that  normally  occurs  during  pregnancy. 
Since  similar  extracts  made  from  ovaries,  placental  and  uterine 
tissues  had  no  effect,  they  conclude  that  a  specific  chemical  sub- 
stance (a  hormone)  is  produced  in  the  fetus  itself  and,  after  absorp- 
tion int^  the  maternal  blood,  acts  upon  the  mammary  gland,  stim- 
ulating it  to  growth.  Since  the  birth  of  the  fetus  is  followetl  by- 
active  secretion  in  the  uiumniary  glands  they  adopt  further  the 
view  that  this  substance,  while  promoting  the  growth  of  the  gland 
tissue,  inhibits  the  catabolic  processes  which  lead  to  the  formation 
of  the  secretion.  With  the  birth  of  the  fetvis  this  substance  is 
withdrawn  and  .secretion  l>egin.s,  ,ind,  on  the  contrary,  the  secretion 
is  suspended  when  a  new  pregnancy  is  well  advanced. 

*l(ironow,  "  Archives  dea  iciencea  biologiquea, "  St.  Petersburg,  3,  353, 
1894. 

t  Basch.  "ErRebnisse  der  Physioloj^ie,"  vol.  ii.,  part  i.  1903. 

t  Lane-Claypon  and  Starlinp,  "Proceedinft*  of  the  Koyai  Society,"  1906, 
B.  Ixxvii.;  «e«  also  Starling  in  "Ijancet,"  1905. 
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As  was  said  in  speaking  of  the  histolo^v  of  the  gland,  the  se- 
creting alveoli  are  not  fully  formed  until  the  first  pregnancy.  Ihir- 
ing  the  period  of  gestation  the  epithelial  cells  multiply,  the  alveoli 
are  formed,  and  after  parturition  secretion  hegins.  As  the  liquid 
is  formed  it  accumulates  in  the  enlarged  galactophoroua  duct£,  and 
after  the  tension  has  reached  a  certain  jroint  further  secretion 
b  apparently  inhibited.  If  the  ducts  are  emptied,  by  the  infant 
or  otherwise,  a  new  secretion  hegins.  The  emptying  of  the  ducta, 
in  fact,  seems  to  constitute  the  normal  physiological  stimulus  to 
the  gland-cells,  but  how  this  act  aflfecta  the  secreting  cells,  whether 
reflexly  or  directly,  is  not  known. 

Composition  of  the  Milk. — The  comjwsition  of  mUk  is  com- 
plex and  variable.*  The  important  constituents  are  the  fata,  held 
in  emulsion  as  minute  oil  drf»plet.s,  and  consisting  chiefly  of  olein 
and  palmitin;  casein,  a  nucleo-alljumin  which  clots  under  the  in- 
fluence of  rennin;  niilk-albumin  or  lactalbumin,  a  proteid  resem- 
bling serum-albumin;  lactoglobidin;  lactose  or  milk-sugar;  lecithin, 
cholejiteriu,  phosphocamic  acid,  urea,  creatin,  citric  acid,  enzymes, 
and  mineral  salts.  It  is  well  known  also  that  many  foreign  sub- 
stances— drugs,  flavors,  etc. — introduced  with  the  food  are  secreted 
in  the  milk.  An  average  composition  i.<;:  proteins,  2  to  3  f)er  cent.; 
fats,  3  to  4  per  cent.:  sugar,  6  to  7  per  cent.;  salts,  0.2  to  O.A  per 
cent.  The  fact  that  casein  and  milk-sugar  do  not  e-xist  preformed 
in  the  blood  is  an  argument  in  favor  of  the  view  that  they  are  formed 
by  the  secretory  metabolism  of  the  gland  cells.  The  special  com- 
position of  the  milk-fat  and  the  histological  appearance  of  the 
gland  cells  during  secretion  lead  to  the  view  that  the  fat  is  also 
constnicted  within  the  gland  itself.  Bimge  has  called  attention 
to  the  fact  that  the  inorganic  salts  of  milk  differ  quantitatively 
from  those  in  the  blood-plasma  and  resemble  closely  the  propor- 
tions found  in  the  boiiy  of  the  young  animal,  thus  indicating  an 
adaptive  secretion.  This  fact  is  illustrated  in  the  following  Uble 
giving  the  mineral  constituent-s  in  100  parts  of  ash : 


YouNn  Pop. 

K,0 8..5 

NaJO 8.2 

CaO 35.8 

MgO 1.6 

Fe.0. 0.34 

PA 39.8 

CI 7.3 


On  account  of  the  use  of  cows'  milk  in  place  of  human  milk  in 
the  nouri.shment  of   infants  much  attention  has  been  given  to 

•  F'or  data  as  lo  composition  and  hygienic  relations,  see  Bullotin  41, 
"Hygienic  LahomVirs ,"  PubUc  Health  and  Marine  Hospital  Service,  U.  S^ 
Washington.  1^08. 


Doob'  .Milk. 

Doaa'  SERrx. 

107 

24 

6.1 

52.1 

34.4 

2.1 

1.5 

0.5 

0.14 

0.12 

37.5 

5.9 

12.4 

47.6 
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the  relative  oomposition  and  properties  of  the  two  secretions. 
The  chief  difference  between  the  two  lies  apparently  in  the  casein. 
The  casein  of  human  milk  is  smaller  in  amount,  curdles  in  loo6» 
flocks  than  that  of  cows'  milk,  and  seems  to  dissolve  more  easily 
and  completely  in  gastric  juice.  The  former  also  contains  rela* 
tively  more  lecithin  and  less  ash,  particularly  the  lime  salts.  On 
the  other  hand,  cows'  milk  contidns  less  sugar  and  fat.  In  using 
it,  therefore,  for  the  nutrition  of  infants  it  is  customary  to  add 
water  and  sugar.  The  compodtion  of  cows'  milk  is  so  well  known 
that  it  is  easy  to  modify  it  for  special  cases  according  to  the  in- 
dications. The  rules  for  this  procedure  will  be  found  in  works 
upon  pediatrics. 
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PHYSIOLOGY  OF  THE  MALE  REPRODUCTIVE  ORG/m 

The  sexual  life  of  the  male  is  longer  than  that  of  the  fenmk, 
Puberty  or  sexual  maturity  begins  somewhat  later^ — in  tem- 
perate climates  at  about  the  fifteenth  year;  but  there  is  no  dia- 
tinct  limitation  of  the  reproductive  powers  in  old  age  correspond- 
ijig  to  the  menopause  of  the  female.  At  the  time  of  puberty  and 
for  a  short,  precetling  period  the  Ijoy  grows  more  rapidly  in  stature 
and  weight,  and  the  assumption  of  its  complete  fmictions  by  the 
testis  exerts  a  general  influence  upon  the  organism  as  a  whole. 
One  of  the  superficial  changes  at  this  period  which  is  ver>'  e\idenl 
is  the  alteration  in  pitch  of  the  voice.  Owing  to  the  rapid  growth 
of  the  larynx  and  the  vocal  cords  the  voice  l>ecomes  markedly 
deeper,  and  the  change  is  in  some  cases  siifFjciently  sudden  to  cause 
the  well-known  phenomenon  of  the  breaking  of  the  voice.  The 
neuromitscidar  control  of  the  vocal  cords  becomes  for  a  time  un- 
certain. The  completion  of  pubert>'  can  not  be  determined  in  the 
boy  with  the  same  exactness  as  in  the  girl,  in  whom  menstruatioQ 
furnishes  a  vLsiI>]e  sign  of  st-xual  maturity.  Much  of  the  sexu&i 
mechanism  may  be  functional  long  before  the  time  of  pul»erty, 
as  is  shown  by  the  presence  of  sexual  desire  and  the  possibility 
of  erection;  but  fully  developed  spermatozoa  are  not  produced 
until  this  period,  and  indeed  the  presence  of  ripe  and  functional  ^ 
spermatozoa  in  the  testis  is  the  only  certain  sign  tliat  sexual  if^^M 
turity  has  been  attained.  Puberty  consists  in  the  maturatioaV 
the  testis  in  the  male,  and  of  the  ovarj*  in  the  female. 

The  Properties  of  the  Spermatozoa. — ^The  development  and 
maturation  of  the  spcrmat<)zoa  in  the  testis  has  been  followed 
successfully  by  histological  means.  The  mother-cells  of  the  sper- 
matozoa,  the  spermatocytes,  give  rise  to  four  daughter-cells,  sper- 
matids, each  of  which  develops  into  a  fxmctional  spermatozoon. 
The  process  in  this  case  is  sometliing  more  than  mere  cell  division, 
since  in  the  spermatozoa  eventually  produced  the  nimiber  of 
chromosomes  present  in  the  nucleus — that  is,  the  head  of  the  sper- 
matozoon— are  rediiced  by  one-half.  1'he  process  of  production 
of  the  spermatozoa  is  therefore  quite  analogous  to  the  maturation 
of  the  o\'um  during  tlie  formation  of  the  ptilar  bodies.  The  forma- 
tion and  m&tiitalioTi  oC  the  apennatozoa  may  be  represented 
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a  schema  similar  to  that  used  in  the  ca:se  of  the  ova,  as  follows  (Fig. 
306) :  In  the  ease  of  the  ovum  four  ova  are  produced,  but  only  one 
is  functional,  and  this  one,  the  ripe  egg.  is  characterized  by  its  large 
amount  of  cj'toplasm,  its  inability  to  undergo  furtlier  cell  division 
until  fertilized,  and  the  reduction  of  its  chromosomes  to  half  the  num- 
ber characteristic  of  the  bf)dy  cells  of  the  species.  In  the  case 
of  the  sperra/itozoa,  the  four  cells  produced  are  all  functional,* 
and  are  characterized  by  the  practical  loss  of  cytoplasm,  reduc- 
tion of  chromosomes  by  one-half,  and  inability  to  multiply  until 
cell  material  is  furni.-ihed.  The  two  cells  supplement  each  other, 
therefore.  Their  union  restores  the  normal  numljer  of  chromo- 
somes, part  of  which  are  now  mjiternal  and  part  paternal;  the  egg 
supplies  the  cytophism  und  the  spermatozoon  nuclear  material  and 
the  definite  stimulus  that  leads  to  luultiplifution. 

The  s|ierniatozoa  are  produced  in  enormous  ntimbers.  It  is 
calculated  that  at  ejaculation  each  cubic  centimeter  of  the  liquid 
contains  from  sixty  to  seventy 
milhons  of  these  cells.  The 
adult  ripe  s|xTmatozoon  is 
characterized  as  an  independ- 
ent cell  by  its  great  motility, 
due  to  the  cilia-like  contrac- 
tions of  its  tail.  Its  power  of 
movement  or  .its  \'itality  ia 
retained  under  favorable  con- 
ditions for  ver>'  long  i)eriods. 
The  most  striking  instance  of 
this  fact  is  found  in  the  case 

of  bats.  In  these  animals  copulation  takes  place  in  the  fall  and 
the  uterus  of  the  female  retains  the  spermatozoa  in  activity  until 
the  period  of  ovulation  in  the  following  spring.  Even  in  the  human 
being  it  is  Ijelieved  that  the  spermatozoa  may  exist  for  many  days 
in  the  ut.erus  and  Fallopian  tu1>es  of  the  female.  In  the  semen  that 
is  ejaculatetl  during  coitus  the  spermatozoa  are  mixed  with  the 
secretions  of  the  accessory  reproductive  glands,  such  as  the  seminal 
vesicles,  the  prostate  gland,  and  Cow[jer's  gland.  The  s(>ecific  in- 
fluence of  each  of  these  secretions  is  not  entirely  understood,  but 
experiments  show  that  in  some  way  they  are  essential  to  or  aid 
greatly  in  maintaining  the  motility  of  the  spennatozoa.  Steinachf 
has  found,  for  example,  that  removal  of  the  prostata  gland  and 

*  It  is  an  intero-ting  fiiet  that  in  some  cases  (bees)  two  kinds  of  spermatiilj 
are  fomiod  by  an  unequal  iJivi.<?ion  of  the  epennatoc\tc,  and  tlie  smaller 
of  the  two  is  aljorti%e,  as  in  the  case  o{  the  polar  bodies  of  the  egg. 

t  See  Steinach, "  Art  hiv  f.  d.  gesammtc  Physiologie,"  56, 1894,  and  Walk«r, 
"Arcbiv  f.  Aiiatomie  u.  Physiologie,"  18M.  p.  313. 
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seminal  vesicles  in  white  rats  prevents  successful  fertilization  of  the 
female,  although  the  ability  and  desire  to  copulate  are  not  int*^- 
fert'd  with .  This  result  has  been  eorrol  wrat  h  1 1 > y  Walker.  •  Accord- 
ing to  this  author,  removal  of  both  the  prostate  and  seminal  vesiclt-s 
in  the  rat  leaves  the  testes  in  apparently  normal  condition,  but  tlie 
animals  are  not  able  to  fertilize  the  female.  Removal  of  the  t«it«i, 
on  the  other  hand,  prevents  tiie  development  of  the  prostate  in  the 
young  animal  and  causes  atropliy  of  the  gland  in  the  adult.  Evi- 
dently, therefore,  the  testis  controls^  in  some  way,  probably  by  a 
hormone,  the  metabolic  processes  in  the  prostate.  Walker  believe* 
that  the  prostatic  secretion  aids  in  rendering  the  spennatozoon 
properly  motile.  The  secretion  of  the  seminal  vesicles,  he  fintb*. 
exhibits  a  curious  property  of  clotting  upon  mbcture  with  the 
secretion  of  a  small  gland  at  its  ba,se — the  coagulating  gland.  If 
the  secretion  of  the  vesicles  follows  the  ejaculation  of  the  semen,  it 
is  possible  that  the  eoagiilation  of  the  former  serves  to  occlude  the 
vagina  in  the  female  and  thus  prevent  the  loss  of  the  fertilizing 
liquid.  The  union  of  spermatozoon  and  o\'um  is  l^)elieved  to 
take  place  usually  in  the  P'allopian  tube,  and  under  normal  con- 
ditions only  one  spermatozoon  penetrates  into  the  ogg,.  The 
remainder  of  the  great  number  that  may  Ik*  present  eventually 
perish.  The  changes  that  take  place  during  the  proct-ss  of  fer- 
tilization have  already  l)een  described  (p.  955). 

Chemistry  of  the  Spermatozoa. — Mucli  chemical  work  has 
been  done  upon  the  comiJosltion  of  spermatozoa,  particularly  in 
the  fishes.  The  results  have  been  most  interesting  from  a  chem- 
ical standpoint,  and  biologically  they  are  suggestive  in  that  the 
analytical  work  has  been  done  upon  the  heads  of  the  spermatozoa. 
These  heads  consist  entirely  of  nuclear  material,  and  contain  the 
substance  or  substances  which  convey  the  here<litary  characteristics 
of  the  father,  or,  to  speak  more  accurately,  of  the  race  to  which  the 
father  belongs.  Whatever  progress  may  be  made  in  the  understand- 
ing of  the  chemistry  of  this  material  is  a  step  towiird  the  solution  of 
the  moat  difficult  and  mysterious  side  of  reproduction,  the  |X)tter 
of  hereditary  transmission.  Miescher.  in  investigations  upon  the 
spermsktozoa  of  salmon,  discovered  that  the  heatls  are  composed 
essentially  of  an  organic  combination  of  phosphoric  acid,  since 
designated  as  nucleic  acid,  united  with  a  basic  albuminous  IkkIv, 
protamin.  This  view  has  iieen  ('onfinned  and  extended  by  later 
observers,  especially  liy  Kossel  and  his  pupils.  |  The  head  of  the 
spermatozoon,  the  male  pronucleus  iu  fertilization,  may  be  de- 

*  Walker,  " Johna  Hopkiiw  Hospital  Reports,"  10,  1911,  and  "  .TohnK  Hop- 
kina  Bulletin,"  21,  1910. 

t  For  Irtemlure  and  details  of  the  chemi.strv  of  Bpcrniatoioa  ser  Buri&a. 
in  "  Ergttoniwe  i^ct  PhyRiologic,"'  vol.  iii.,  part  I,  19<M,  and  1906,  v  ,  831. 
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fined,  in  the  case  of  the  fishes  at  least,  as  "  a  salt  of  an  organic 
base  and  an  organic  acid,  a  protamin-nucleic  acid  compomKl." 
The  term  jirotamin  is  used  now  to  desig:nate  a  group  of  closely 
reh\ted  substances  obtained  from  the  spermatozoa  of  different 
animals.  The  special  protamin  of  each  species  is  designated  ac- 
cording to  the  zoological  name  of  that  species;  thus  the  protamin 
of  salmon  is  salmin,  of  hering  (Clupea  harengus)  clui>ein,  and  so  on. 
The  protamins  are  all  strong  bases;  their  aqueous  solutions  give 
an  int-ense  alkaline  reaction,  and  they  unite  !"eadi!\'  with  various 
acids  to  form  \\ell-dpfined  salts.  They  are  protein  bodies,  giv- 
ing the  biuret  reaction  readily  even  without  the  addition  of 
alkali,  and  they  are  precipitated  by  most  of  the  general  precipitants 
of  proteins,  sueh  as  the  neutral  salts,  the  alkaloidal  reagentji,  eto. 
Their  solutions,  however,  are  not  coagulated  by  heat.  The  molec- 
ular formula  for  sulmin  is  given  as  C„,Hjj,N,-0(.  When  decom- 
posed by  the  action  of  acids  they  yield  simpler  basic  products, 
the  so-culled  hexon  bases  or  diamino-bodies,  and  particularly  the 
base  arginin  (CgH,^N^O-,).  which  is  eoiilained  in  the  protamin  of 
the  spermatozoa  in  greater  abundance  than  in  any  other  protein. 
The  protaminr;  differ  from  most  other  protein  compounds  by  their 
relative  simplicity;  they  contain  no  cystin  grouping,  therefore  no 
sulphur;  no  carbohydrate  grouping  ht  niixst  of  the  compounds 
examined;  and  no  ty rosin  complex.  In  the  .spermatozoa  of  .some 
fishes  the  pnttaniiins  are  replaced  by  more  complex  compounds 
lieloncring  to  the  group  of  hii^tons  which  show  properties  somewhat 
intermediate  between  those  of  protamins  and  ordinary  proteins, 
and  in  general  it  may  l>e  said  that  the  head  of  the  spermatozoon, 
like  the  nuclei  of  cells  in  general,  consists  chiefly  of  a  nudeoprotetn 
compound,  that  is,  a  compound  of  nucleic  acid  with  a  protein  body 
of  a  more  or  less  distinctly  biusie  character.*  The  nucleic  acid  com- 
ponent of  the  spermatozoon  resembles  the  same  substance  as 
obtained  from  the  nuclei  of  other  rells.  In  the  spermatozoa  of  the 
salmon  this  nucleic  lu-id  has  the  formula  C^i^NuP^O^g.  On 
de<'omposition  by  hydrolysis  it  yields  at  first  some  of  the  purin  bfuses 
(adenin,  guanin),  and  on  deeper  cleavage  a  number  of  compounds, 
including  the  pyrimidin  derivatives,  thymin.  uracil,  and  cytosin. 
While  the  chemical  studies  upon  spermatozoa,  thus  briefly  referred 
to,  have  greatly  extended  our  knowledge,  it  is  still  impossible  to 
say  that  they  have  given  any  information  concerning  the  peculiar 
functions  of  the  spermatozoa  in  fertilization. 

The  Act  of  Erection.— In  the  sexual  life  of  the  male  the  act  of 
erection  of  the  penis  during  coitus  ofiFers  a  most  striking  physical 
phenomenon.  During  this  act  the  penis  becomes  harfi  and  erect, 
owing  to  an  engorgement  with  blood.    The  stnicture  of  the  corpora 

•  Burian,  loc.  cit. 
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cavernosa  and  corpus  spongiosum  is  adapted  to  this  function,  being 
composed  of  relatively  large  spaces  inclosed  in  trabecuke  of  conneo* 
live  and  plain  muscle  tissue, — the  so-called  erectile  tissue,  il&sj 
theories  have  been  proposed  to  explain  the  mechanism  of  erection, 
but  it  is  generally  agreed  that  the  work  of  Eckhard  ♦  demonstrated 
the  essential  facts  in  the  process.  This  investigator  discovered  thaft,] 
in  the  dog  stimulation  of  the  nervi  erigentes  causes  erection.  Thess. 
nen'esare  comiwsed  of  autonomic  fibers  arising  from  the  sacral  po: 
tion  of  the  spinal  cord  (see  Figs.  Ill  and  112).  They  arise  from  tl 
sacral  spinal  nerves,  fimt  to  third  (dog),  on  each  side  and  help  to 
form  the  pelvic  plexus.  They  contain  vasodilator  fibers  to  the  penis. 
as  we!l  as  to  the  rectum  and  anus,  and  also  visceromotor  fibers  to  the 
descending  colon,  rectum,  and  anus.  Eckhard,  Loven,  and  others -f 
have  shown  that  when  these  fil>ers  are  stimulate<l  there  is  a  large 
dilatation  of  the  arterioles  in  the  erectile  tissue  of  the  jx-nis  and  a 
greatly  augmented  Jjlood-fiow  to  the  organ.  If  the  erect  de  tissue 
is  cut  or  the  dorsal  vein  is  opened  the  blood-flow  under  usual  con- 
ditions is  a  slow  stream,  but  when  the  nerAois  erigens  is  stimulated 
the  outflow  is  very  greatly  increased;  according  to  Eckhartl's 
measurements,  eight  to  fifteen  times  more  blood  flows  out  of  the 
organ.  The  act  of  erectjun  is  therefore  due  essentially  to  a  vas- 
cular dilatation  of  the  small  arteries  whereby  the  cavernous  spaooil 
become  fille^l  with  blood  imder  considerable  pressure.  The  ca>*ef» 
nous  tissues  are  dist*;nded  to  the  limits  permitted  by  their  tough» 
fibrous  wall.  It  seems  probable  that  the  turgidity  or  rigidity  of 
the  congested  organ  is  completed  by  a  partial  occlusion  6f  the 
venous  outflow,  which  is  effected  by  a  compression  of  the  efferent 
vein  by  means  of  the  extrinsic  muscles  (isc-hio  and  bulbocavernosus) 
and  possibly  by  the  intrinsic  musculature  as  well.  This  compres* 
sion  does  not  occlude  the  blood-flow  completely,  but  serves  to  in- 
crease greatly  the  venous  pressure.  This  explanation  of  the  act  of 
erection,  while  no  tloubt  correct,  ki  far  as  it  goes,  leaves  undeter- 
mined the  meuns  |jy  which  the  dilatation  of  the  small  arteries  is 
produced.  Vasodilator  nerve  fibers  in  general  are  a.'^sumed  to  pro- 
duce a  dilatation  by  inhibiting  the  peripheral  tonicity  of  the 
arterial  walls.  If  this  explanation  is  applied  to  the  case  under 
consideration  it  forces  us  to  believe  that  throughout  life,  except 
for  the  very'  occasional  acts  of  erection,  the  arteries  in  the  penis 
are  kept  in  a  constant  condition  of  active  tone.  Moreover,  on  this 
view  we  should  expect  that  section  of  the  vasoconstrictor  fibers  to 
the  penis,  by  abolishing  the  tone  of  the  arteries,  would  also  cause 

•  Eckhard,  "Bt^itrage  zur  Anatomic  und  Physiologie, "  2,  123,  18ii3,  and 
4,  m,  1869. 

t  See  cspeciuUy  Fmncois-Franck,  "Archives  de  Pbyaiol.  aorm.  et  patbol.,'' 
1S95,  122  and  138. 
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erection.  These  constrictor  fibers  arise  from  the  second  to  fifth 
himbar  spinal  nerves,  and  iieach  the  orpjin  by  way  of  the  hypo- 
gastric nerve  and  plexvis  and  the  piidic  nerve.  No  such  result  of 
their  section  is  reported  and  it  teenis  that  in  the  matter  of  erec- 
tion the  actual  mechanism  of  the  preat  dilatation  caused  by  the 
nervi  erigentes  still  contains  some  points  that  need  investigation. 

The  Reflex  Apparatus  of  Erection  and  Ejaculation. — The 
dilatation  of  the  arteries  of  the  penis  during  erection  is  normally  a 
reflex  act,  effected  throuKh  a  center  in  the  lumbar  cord.  This  center 
may  be  acted  upon  t)y  impulses  descending  from  the  brain,  as 
in  the  case  of  erotic  sensations,  or  by  afferent  impulses  arising  in 
some  part  of  the  genital  tract, — from  the  testes  themselves,  from 
the  urethra  or  prostate  gland,  ami  especially  from  the  glans  penis. 
Mechanical  stimulation  of  the  glans  leads  to  erection,  and  Eckhard 
showed  in  dogs  that  section  of  the  pudic  nerve  prevents  this  i"eflex 
from  occurring,  proving,  therefore,  that  the  sensory  fibers  concerned 
nm  in  the  putlic  nerve.  Stimulation  of  these  latter  fibers  leads  also 
to  erotic  sensatittns  and  eventually  to  the  completion  of  the  sexual 
orgasm.  This  latter  act  brings  about  the  forcible  ejection  of  the 
sperm  through  the  urethra.  It  is  initiated  by  contractions  of  the 
musculature  of  the  vasa  deferentia,  ejaculator>-  iluct,  the  seminal 
vesicles,  and  the  prostate  gland,  which  force  the  sjjcrniutoxoa,  to- 
gether with  the  secretions  of  the  vesicles  and  prostate  gland,  into 
the  urethra,  whence  they  are  exjjelled  in  the  cuhninating  stage  of 
the  orgasm  by  the  rhythmical  contractions  of  the  isehiocavemosua 
and  bulbocavemosus  muscles,  together  with  the  constrictor  urethrje. 
The  inruuetiiatc  center  for  this  complex  reflex  is  assimied  to  lie  in 
the  lumbar  cord,  since,  according  to  the  experiments  of  Goltz^ 
mechanical  stimulation  of  the  glans  in  clogs  causes  erection  and 
seminal  emission  after  the  lumbar  cord  is  severed  from  the  rest  of 
the  central  nervous  system,  lender  ordinarj'  conditions  the  act  is 
accompanied  by  strong  psychical  reactions  which  indicate  that 
the  cortical  region  of  the  cerebrum  is  involved.  It  is  interesting  in 
this  connection  to  find  that  electrical  stimidation  of  a  definite  re- 
gion in  the  cortex*  of  dogs  may  cause  erection  and  ejaculation. 

*  Pussep,  quoted  from  Uenoaaa's  "  Jikhresbcricht  der  Pbysiologie," 
vol  xi,  1903. 
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CHAPTER  LIV. 

HEREDITY— DETERHINATIQW  OF  SEX— GROWTH  AND 

SENESCENCE. 

Heredity.— The  development  of  the  fertilized  ovum  offers  two 
jSeneral  phenomena  for  consideration:  First,  the  mere  fact  of  mul- 
tiplication by  which  an  infinite  nimiber  of  cells  are  produced  by 
successive  cell-divisions;  second,  the  fact  that  these  cells  become 
differentiated  in  structure  in  an  orderly  and  determinate  way  so  as 
to  form  an  organism  of  definite  structure  like  those  which  gave 
origin  to  the  ovum  and  the  spermatozoon.  In  other  words,  the 
fertilized  ovum  possesses  a  property  which,  for  want  of  a  better 
term,  we  may  designate  as  a  form-building  power.  The  ovum 
develops  true  to  its  species,  or,  indeed,  more  or  less  strictly  in  accord- 
ance with  the  peculiarities  of  structure  characteristic  of  its  parents. 
The  object  of  a  complete  theory  of  heredity  is  to  ascertain  the  me- 
chanical causes — that  is,  the  physicochemical  properties — resi- 
dent in  the  fertilized  ovum  which  impel  it  to  follow  in  each  case  a 
definite  line  of  development.  The  discussions  upon  this  point  have 
centered  around  two  fundamentally  different  conceptions  designated 
as  evolution  and  epigenesis. 

Evolution  and  Epigenesis. — The  earlier  embrj'ologists  found  a 
superficial  explanation  of  this  problem  in  the  xiev,-  that  in  the  germ 
cells  there  exists  a  miniature  animal  already  preformed,  and  that 
its  devplopmcnt  imder  the  influence  of  fertilization  consists  in  a 
prr)reHs  of  gmwth  by  means  of  which  the  minute  organism  is 
tmfolded,  a-s  it  were.  The  process  of  development  is  a  process  of 
evolution  of  a  pre-existing  structure.  Inasmuch  as  countletu  in- 
dividuals develop  in  successive  generations,  it  wa.s  assumed  also 
that  in  the  germ  cell  there  are  included  countless  miniature  organ- 
isms,— one  incased,  as  it  were,  in  the  other.  Some  of  the  embr>-- 
ologist-s  of  that  period  conceived  that  the  undeveloped  embnos are 
contained  in  the  ovum, — the  ovists, — while  others  l>elieved  that 
tiiey  an'  i)res<'nt  in  the  spermatozoon,  the  animalcu lists.  Other 
emhrkolopist.M  iK)inted  out  that  the  fertilized  egg  shows  no  indication 
of  a  y)n'f()rnied  stnicture,  and  therefore  concluded  that  development 
starts  from  an  essentially  structureless  cell,  and  consists  in  the 
sxieccKxive  formation  and  addition  of  new  parts  which  do  not  pre- 
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exist  a«  such  in  the  fertilizetl  egg.  This  view  in  contradisiinction 
to  the  evohition  theory'  was  designated  as  epigenesis.  Microscopi- 
cal investigation  has  demons tratetl  l>eyond  all  doubt  that  the  fer- 
tilized ovum  is  a  simple  cell  devoid  of  any  parts  or  organs  resem- 
bling those  of  the  adult,  and  the  evolution  theorj-  in  its  crude  form 
has  been  entirely  disproved.  Nevertheless  the  controversy  be- 
tween the  evolutionists  and  epigenesists  still  exists  in  modified 
form.  For  it  is  evident  that  in  the  fertilized  ovum  there  may  exist 
preformed  mechanisms  or  complexes  of  molecules  which,  while  in  no 
way  resembling  anatomically  the  subsequently  developed  parts  of 
the  organism,  nevertheless  are  the  foundation  atones,  to  use  a  figure 
of  speech,  ujMJn  which  the  character  of  the  adult  structure  depends. 
Such  a  view  in  one  form  or  another  is  probably  held  by  most  bi- 
ologists, since  it  avoids  the  well-nigh  inconceivable  difficulties  of- 
fered by  a  completely  epigeiietic  theory.  If  the  fertilized  ovum 
of  one  animal  is  in  the  beginning  eubstantially  similar  to  that  of 
any  other  animal  the  epigenesist  must  ascertain  what  combination 
of  conditions  during  the  process  of  development  causes  the  egg, 
in  a  dog,  for  instance,  to  develop  always  into  a  dog,  and  moreover 
into  a  cert,ain  species  of  dog  resembling  more  or  less  exactly  the 
parent  orgnnisms.  The  infinite  difficulties  encountered  by  such  a 
point  of  view  are  apparent  at  once.  In  this,  as  in  other  similar  prob- 
lems, experimental  work  is  gradually  accumulating  fact.s  which 
throw  some  light  upon  the  matter  and  may  eventually  lead  us  to  the 
right  explanation.  It  has  lieen  made  highly  probable  that  the  chro- 
matin material  in  the  nuclei  of  the  germ  cells,  the  chromosomes, 
constitute'  the  physical  basis  of  hereditar>'  transmi-ssion.  In  the 
fertilized  egg,  it  will  be  remembered,  half  of  the  chromosomes  come 
from  the  mother  an<l  half  from  the  father,  and  there  is  good  rea'^on 
for  believing  that  the  matcnial  chromosomes  are  the  l>earers  of  the 
maternal  characteristics,  and  the  ehromo.somes  derived  from  the 
spiTmatozfton  convt>y  the  hcretlitary  traits  of  the  father.  8uch 
a  view,  it  will  be  noticetl,  implies  at  once  preformed  structures 
in  the  chromosomes  and  constitutes  one  form  of  an  evolutionary 
hypothesis.  This  view  is  further  supported  by  the  interesting  ex- 
periments of  Wilson.* 

This  author  has  shown  that  in  certain  molluscs  (l)entalium  or 
Patella)  if  a  portion  of  the  egg  is  cut  ofT,  the  remaining  portion  upon 
fertilization  develops  into  a  defective  animal  that  is  not  a  whole 
embryo,  but  rather  a  piece  or  fragment  of  an  embrj'o.  Or  if  the 
fertilized  egg  after  its  first  segmentation  is  separated  artificially 
into  two  indepentlent  cells  each  develops  an  embrj'o,  but  neither  one 
is  completely  formed, — each  is  lacking  in  certain  structures  and 

•Wilson,  "Science,"  Febniarv  24,  1905,  for  a  popular  discussion;  &lso 
"JouTnal  of  Experimental  Zo6log>',"  1,  1  and  197,  1904,  ami  2,  371,  1905. 
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the  two  must  be  taken  together  to  constitute  an  entirely  nonnal 
animal.  By  experiments  of  this  kind  it  has  been  shown  that  cer- 
tain  definite  portions  of  the  egg  ore  responsible  for  the  formatioui 
of  particular  organs  in  the  adult.  If  these  portions  of  the  egg 
removed  the  organs  in  question  are  not  developed.  Facts  of  this 
kind  lead  to  the  evokitionan*  view  that  in  the  fertihzed  o\um  there 
is  a  collection  of  different  materials  designated  as  formative  stuffs 
each  of  which  is  specific, — that  is,  develofxs  into  a  special  structure. 
Many  facts  connecteci  with  the  regeneration  of  parts, — regeneration 
of  a  lost  leg  in  a  crab,  for  example — may  l^e  used  to  suppjort  a  similar 
view  of  the  existence  of  specific  formative  stuffs  in  the  cells  of  the 
body.*  Wilson  has  suggested  an  attractive  theorv'  which  seems  to 
account  for  the  facts  known  at  present  and  forms  an  acceptable  com- 
prf>mise  between  the  extremes  of  epigenesis  and  evolution.  Accord- 
ing to  him,  the  germ  (fertilized  ovum)  contains  two  elements,  one  of 
which  undergoes  a  development  that  is  essentially  epigenetic,  while 
the  other  contains  a  preformed  structure  which  controls  and  deter- 
mines the  course  of  development.  The  first  is  represented  by  the 
cytoplasm  of  the  egg,  the  second  by  the  chromatin  (clrromosomea) 
of  the  nucleus.  The  latter  have  sjiecific  structures,  and  under  their 
influence  the  nutritive  untlifferentiated  material  of  the  cytoplasm 
is  modified  to  form  specific  formative  stuffs  differing  in  character 
in  the  developing  ova  of  different  animals.  Many  interesting  gen- 
eral theories  of  heredity  have  lieen  pniposed  by  Darwin.  Nageli,] 
Weissmann,  Mendel,  Gallon,  Brooks,  and  others.  It  is  imjxissib 
to  give  here  an  outline  of  all  these  theories,  but  a  word  may  he 
said  regarding  the  work  of  de  \'ries  and  Mendel,  which  have  given 
rise  recently  to  so  much  discussion.  For  fuller  information  the 
reajier  is  referred  to  special  treatises  on  the  subject. f  According 
to  the  well-kno^vn  views  of  Darwin  in  regard  to  the  action  *»f 
natural  selection  it  was  assumed  that  new  varieties  and  species 
are  formed  by  the  cumulative  action  of  selecti«m  upon  snwiU 
fluctuating  variations,  fiy  this  cumulative  selection  certain 
variations  are  preservetl  and  strengthened  until  they  are  suffi- 
ciently marked^  to  constitute  a  specific  difference,  the  prttcesa 
requiring  naturally  a  long  periud  of  time.  In  contrast  with  this 
view  de  \'ries  has  suggestetl  what  is  commonly  known  as  the 
theory  of  mutations.  .\ccort^[ing  to  this  view  the  variability  in 
the  germ  plasm  'is  such  that  it  may  at  times  give  rise  not  to  fluctu- 
ating variations  but  to  marketl  and  permanent  variations,  and 

*  For  a  discussion  of  these  facta  and  for  various  hypotheses,  see  Momn. 
"Regeneration,"  New  York,  1901. 

t  Hertwig,   "Tdf  Hioiojficnl   PrwhloniR  of  To-<lnv";   Delage,  "L'hir. 
ct  lee  jrrBmi.')  prohli^mcx  ik  la  liiolopie  p-mralc, "  liwl;  Thonuton,  "Hen-ii 
IMS;  "Kellogg,  " Darwinism  To-day,"  11)08,  Jordan  and  Kellogg,  "EvoloTiotJ 
and  Animal  LWe."  VMM. 


nal       1 
ioa^^l 


Digitized  by 


Google 


HEREDITY. 


these  latter,  if  advantagpous  to  tlie  animal,  are  preserved  by 
natural  sselectiun.  t!)ucli  penimnent  variatkms  are  kiiuwn  as 
mutations  or  "sports,"  and  in  consequence  of  their  formation 
and  preJservatTon  the  process  of  evolution  may  proceed  much 
more  rapidly  than  wtis  iussurued  to  be  the  case  in  the  original 
form  nf  Darwin's  hypnthesis.  The  contrilnititin  niarle  to  our 
understwiding  of  heretlitv  by  the  work  of  Metulel  and  those  who 
have  used  his  conceptions  is  most  significant.  By  the  Mendel ian 
law  or  Mendeliati  inheritance  is  meant  in  the  first  plucR  the  general 
idea  that  characteristics  handetl  (town  hy  inheritance  from  parents 
to  offspring  may  be  trcatcil  as  separate  units.  In  some  cases 
parental  characteristics  nmy  blend  in  the  children,  as  for  example, 
in  the  ca-se  of  color,  the  mulatto  beinjr  in  thw  regard  a  blend  of  a 
white  juid  a  black  purent.  In  other  cji.ses,  however,  tiiere  is  no 
blending,  but  an  alternation  of  one  or  the  other  of  a  pair  of  con- 
trasting characteristics.  As  regards  such  a  pair  of  alternating 
characteristics  Mendel  found  that  one  will  be  dominant,  the  other 
recessive,  whenever  they  arc  brought  t<iKether.  That  is  to  say, 
if  each  parent  possesses,  one  of  such  aitemating  characteristics, 
brown  eyes  and  blue  eyes,  for  example,  the  children  will  all  show 
the  dominant  characteristic,  in  this  case  browTi  eyes,  but  the 
ether  characteristic  will  be  present  in  a  recessive  or  concealed 
form.  In  the  hybrids  poasessing  both  characteristics  the  germ 
cells  are  so  divitted  that  half  of  them  possess  the  dominant  alone 
and  half  the  recessive  alone.  This  con.stitutes  the  law  nf  the 
"purity  of  the  germ  cells"  i>r  of  the " segregation  of  the  gametes." 
If  two  such  Inlirids  lireed  together  it  follows  from  the  law  of 
probjtbilitiofi  that  in  the  i)0's[)ring  thrt^  out  of  four  will  show  the 
dominant  characteristic  and  one  the  recessive  characteristic. 
Moreover,  of  tho.se  that  show  the  tlominant  characteristic  two  will 
be  hybrids,  contiuniug  also  the  recessive,  but  one  will  be  a  jnire 
dominant.  This  result  may  lie  understood  from  the  following 
formula,  in  which  U  iuid  R  represent  resjjectively  the  dominant 
and  the  recessive: 

D— R 

I       1  =  1  DD,  2D(R)  and  1  RR. 

D— R 

If  two  pure  recessives  or  two  pure  dominants  breed  together,  only 
a  recessive  or  a  dominant,  as  the  ease  may  i«?,  will  lie  exhiiiitcd 
in  the  offsjiring,  and  in  this  way  pure  characteristics  may  be 
selected  and  estat)lished.  Such  a  jirocess  of  selection  is  simjile  in 
the  caae  of  the  recessive  characteristics,  but  in  the  case  of  the 
dominant  it  is,  of  course,  more  difficult  to  distinguish  between  the 
DD  and  the  D(R).     The  distinction  may  be  made  by  breeding 
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with  an  aninud  dKnring  the  neoBBhre.    If  ti 
all  of  the  c^bpnag  wiU  exhibit  the  domiiiaiil 
on  the  eontnry,  it  is  a  hylirid,  the  cibpnag 
and  half  reeeanve^  aeeofding  to  the  fommla 


D— R 

I      I- 
R— R 


DR,DR.RR,R1 


The  many  attempta  to  verify  this  law  in  breei 
it  exporeaaes  probaUy  a  great  troth,  although 
to  the  pnctkal  purpoaes  of  Ueedlug  ia  bew 
eatloiia.  The  newer  expcriinnrtal  wort  in  her 
the  in^Ksrtanoe  of  breeding  czperimenta  made 
aa  "  pure  tinea,"  that  ia  to  aay,  with  thoae  pli 
are  capable  <k  propagatkn  without  croaa  1 
cxperimentB  have  tended  to  prove  that  tl 
each  raoe  or  speciea  are  inherent  in  its  genn 
tnie  if  not  fertiliaed  or  miaed  with  germ 
individual  of  different  origm.  The  racial  dii 
eadi  individual  may  be  considered  aa  reprcacn 
or  pmM^m  aa  units  iriiich  have  been  dfrigna 
the  sum  total  of  these  genes  eoostitutea  the  ' 
individual.  FVom  this  point  of  inew  the  pai 
their  characteristics  directly  to  the  offspring 
some  portion  of  its  characteristic  genotype,  w 
from  the  ancestral  stock.  In  the  union  of  tb 
et««,  to  form  the  fertilized  o\'um  or  zygote,  tli 
of  the  g!enot>-pes  of  the  two  lines,  and  the  rec 
lated  with  more  or  less  accuracy  on  the  Mend 
view  lays  great  stress,  in  the  matter  of  breedi 
anre  of  the  characteristics  of  the  respectiv 
tends  to  minimize  the  importance  of  the  tram 
istics  acquired  during  the  life  of  the  indivic 
as  the  indi\idual  is  concerned,  en\'ironment  < 
cise  a  great  influence  in  the  development  of 
far  as  hu?  offspring  are  concerned,  "  nature  ( 
nurture,"  that  is  to  say,  it  u*  the  character  ( 
culiar  racial  genotN-pe,  which  is  of  greater  i 
this  idea  that  the  nimlem  movement  of  eugei 
thp  quality  of  the  race  by  restraining  or  pre 
of  the  unfit. 

Determination  of  Sex.— The  conditions 
determination  of  the  sex  of  the  developing 

*  For  •  Kraoral  pm«mtatkK<  we  "  Amerieaii  Nal 
Mmrrh,  lOll,  JviuviniQi  uwl  othera. 
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much  Investigation  ami  sp(^cti!ation.  In  the  absence  of  precise 
data  ver>-  numerous  and  oftentimes  very  peculiar  tlieoriee  have 
been  advanced.*  Such  views  as  the  following  have  been  main- 
tained: that  the  sex  is  determined  by  the  ova  alone;  that  it  is 
tietermined  by  the  spermatozoa  alone;  that  one  side  (right  ovary 
or  testis)  contains  male  elements,  the  other  female;  that  the  sex 
is  a  result  of  the  interaction  of  the  ovum  and  spermatozoon,  the 
most  virile  element  producing  its  own  sex,  or  according  to  another 
possibility  "the  superior  parent  produces  the  opposite  sex";  that 
the  sex  depends  on  the  time  relation  of  coitus  to  menstruation, 
fertilization  before  menstruation  favoring  male  births,  after  men- 
struation female  births;  that  it  depends  upon  the  nutritive  con- 
ditions of  the  ovum  during  development  or  of  the  maternal  parent; 
that  it  depends  upon  the  relative  ages  of  the  parents;  that  there 
are  preformed  male  and  female  ova  and  male  and  female  sper- 
matozoa, etc.  What  we  may  call  the  scientific  study  of  the  problem 
b^an  with  the  collection  of  statistice  of  births.  Statistics  in  Europe 
of  5,935,000  births  indicate  that  106  male  children  are  bom  to 
100  female,  and  the  data  from  other  countries  show  the  same 
fact  of  an  excess  of  male  children.  Owing  to  the  greater  dcath-ratt* 
(tf  the  male,  the  proportion  of  male  to  female  in  the  adult  population 
of  Europe  is  as  1000  to  1024.  Examination  of  these  stati.stics  with 
reference  to  determining  conditions  led  to  the  formulation  of  the  so- 
callcfl  Hofa(!ker-8a<ller  law  or  laws,  which  may  be  stated  a.^  follows: 
(1)  When  the  man  is  older  than  the  uonum  the  ratio  uf  niali' 
births  is  increased  (113  to  100).  (2)  When  the  parents  are 
of  equal  age  the  ratio  of  female  births  is  increased  (93. S  males  to 
100  females).  (3)  When  the  woman  is  older  the  ratio  of  female 
births  is  still  further  increased  (88.2  to  100),  These  laws  have 
been  corroborated  by  some  statisticians  and  contradicted  or  modi- 
fied by  others.  Ploss  attempted  to  show  that  poor  nutritive  con- 
ditions affecting  the  parents,  especially  the  mother,  favor  the 
birth  of  boys.  Busing  combined  these  results  in  a  sort  of  general 
compensator)'  law  of  nattire,  according  to  which  a  deficiency  in 
either  sex  leads,  by  a  process  of  natural  selection,  to  an  increase 
in  the  births  of  the  opprjsite  sex.  Thus,  when  males  are  few  in 
number, — as  the  result,  for  instance,  of  wars, — females  marry 
later  and  more  males  are  produced.  When  males  are  in  excess  early 
marriage>i  are  the  rule  and  this  condition  favors  an  e.xcess«  of  female 
births.  However  interesting  these  statLstit:s  may  lie.  it  is  very 
evident  that  they  do  not  touch  the  real  pmblem  of  the  cause  of  the 
determination  of  sex. 

•  For  aopountaof  thevarioiwthporioa  /inr!  rji.srassion,  ."we  Morji.iii,  "Popular 
Science  Monthly,"  Dt?tvmbpr,  lfM);<,  nimi  '"KyiiMTirrn'nlnl  ZmiloRj',"  1907;  Ijfij- 
honek.  "Dan  Problem  der  g«.«fhlecht«bes>limmenden   L'rsjichen,"   1903. 
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Modem  work  has  turned  largely  to  observations  and  direct 
experiments  upon  the  lower  animals,  particularly  the  inverte- 
brates, with  the  result  that  a  very  large  number  of  facts  have 
been  collected  of  a  most  interesting  kind,  but  difficult  as  yet  to 
interpret  so  as  to  formulate  a  general  law.  The  trend  of  modem 
work  tends  to  oppose  an  older  view  founded  largely  upon  experi- 
ments on  frogs,  bees,  and  wasps,  according  to  which  the  sex  is  not 
determined  at  or  before  fertilization,  but  is  controlled  or  may  be 
controlled  by  the  conditions  of  nourishment  during  development, 
favorable  conditions  of  nutriment  leading  to  the  development  of 
female  cells  from  the  germinal  epithelium  of  the  embryo.  In 
contrast  with  this  latter  view  an  opinion  that  has  been  frequently 
advocated  is  that  the  sex  of  the  embryo  is  determined  in  the  egg 
before  fertilization  or  at  the  time  of  fertilization.  This  view, 
as  first  presented,  assumed  substantially  that  there  are  male  and 
female  eggs  to  begin  with,  and  that  the  determination  of  sex 
resides  in  the  maternal  organism  alone.  Some  of  the  facts  that 
support  this  view  with  more  or  less  conclusiveness  are  as  follows: 
(1)  In  certain  worms  (Dinophilus)  eggs  of  two  sizes  are  produced; 
the  large  eggs  on  fertilization  develop  always  into  females,  the 
small  ones  into  males.  Similar  facts  are  recorded  for  other 
animals  (Hydatina).  (2)  Many  species  of  invertebrates  exhibit 
the  phenomenon  of  parthenogenesis — that  is,  the  eggs  of  the 
mother  develop  without  fertilization.  In  some  cases  this  method 
forms  the  only  mejuis  of  reproduction,  and  the  individuals  of  the 
race  are  all  females.  But  in  other  animals  reproduction  is  efTe<"t<Nl 
either  by  parthetiogenesis  or  by  fertilization,  according  Ut  the 
conditions — change  of  seiusons,  etc.  Among  these  latter  animals 
it  may  be  shown,  in  some  cjvses  at  lejist,  that  the  parthenogenetic 
eggs  may  give  rise  either  to  males  or  females — a  fact  which 
accords  with  the  hypothesis  of  the  existence  of  male  :ui<l  fem:ile 
eggs  in  the  mother,  i'i)  In  man  twins  may  be  born  jui<l  these 
twins  may  be  of  two  kinds.  First,  those  that  are  develoi>e«i 
from  two  different  eggs,  each  of  which  has  its  own  chorion  and 
develops  its  own  placenta.  This  kind  may  be  designateil  as  false 
twins,  and  in  the  matter  of  sex  they  may  l^e  male  and  fenuile, 
or  l»oth  male,  or  both  female.  The  matter  varies  as  in  the  static 
tics  of  l)irths  in  general.  In  the  other  group,  however,  of  true 
twins  or  identical  twins,  the  two  embrj'os  are  develoi)e<l  from  a 
single  ovum  and  are  included  in  a  single  chorion.  In  jsuch  cases 
the  s<>xes  of  the  twins  arc  always  the  same,  they  are  l)oth  bow 
or  l>oth  fiirls.  This  fact  favors  the  view  that  the  sex  may  be  pre- 
dcternjined  in  the  ovum,  which  may  l)e  either  male  or  female. 
H«)\vcver.  if  we  firant  the  fundamental  fact,  .so  far  ai*  the  ova  :ire 
concerned,  tbat  thev  are  either  male  or  female  at  the  time  of  forma- 
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tion  or  are  made  so  ciuring  thr  process  of  growth  and  maturation, 
it  is  still  logically  possible  that  thei'e  may  also  be  male  and  female 
spermatozoa,  and  that  in  the  union  of  the  two  cells  the  sex  of  the 
fertilized  ovum  may  be  referahle  either  to  the  ovum  or  spermatozoon. 
It  is  not  justiifiable  to  assert  that  the  paternal  organLsm  L*  without 
inHuence  upon  the  sex  of  the  offspring.  In  fact,  in  the  case  of 
honey  l>ees  it  is  observed  that  if  the  e^^  of  the  queen  liee  is  unfer- 
tilized it  develops  into  a  male,  but,  if  fertilizeit,  into  a  female,  thus 
indicating  a  determining  influence  upon  the  |)art  of  the  nude  ele- 
ment. tJther  instances  of  a  similar  kind  might  be  quoted,  but 
perhaps  the  most  significant  fact  in  this  connection  is  the  dis- 
covery made  by  Wilson*  that  in  some  in.sects  the  spermatozoa  fall 
into  two  classes,  a  portion  of  thern  having  an  uni>aireil  cliromosome, 
the  s<>-calh'd  accessory  or  x-chromosome.  The  eggs  fertiliacd  by 
the  .s]>errnatozoa  possessing  the  accessory  chromosomes  produce 
females  only,  while  those  fertilized  by  the  spermatozoa  without 
the  acces,sory  chromos^tme  give  ri.s<'  to  males.  In  still  other  insects 
the  spermatozoa  fail  into  two  groups,  one  of  which  shows  the 
x-chromosome,  and  the  other  a  similar  Imt  smaller  chromosome, 
the  y-chromosome.  Here  also  fertilization  by  the  sperm  carrying 
the  x-chromosome  produces  a  female,  while  fertilization  l>y  the 
sperm  at  i»zf>a  %vilh  the  y-chromosome  gives  a  male.  In  still  other 
animals  it  is  the  egg  rather  than  the  .sperm  which  carries  a  specific 
chromosome  whost^  pre.senec  determines  the  sex,  and  the  accumula- 
tion of  thcsi"  facts  seems  to  prove  quite  conclusively  that  sex  is  not 
tietermined  by  influences  from  without,  that  is,  by  environmental 
conditions,  but  rather  by  some  tnechantsm  within  which  expresses 
itself  visibly  in  many  instances  by  the  presence  of  accessory  chromo- 
someH.  It  seems  evident  also  from  this  work  that  the  determina- 
tion of  sex  does  not  rest  exclusively  with  either  egg  or  spermatozoon. 
There  may  be  mah-  and  female  t^ggs  and  male  and  female  spermato- 
zoa, and,  in  recent  years,  there  luis  Ixt^n  a  tendency  to  regard  sex  as 
a  unit  quality  or  gene  which  shows  the  contra.sting  relations  of 
maleness  ami  fi«maleness.  This  quality,  like  other  qualities,  may 
be  segregated  in  the  germ  cells  giving  rise  to  male  an<l  female  eggs 
or  male  and  female  sjK'rmatozoa.  When  the  gametes  unite  to  form 
the  fertiJizt'd  ovum  (zygote)  the  sex  will  depend  on  which  gametes 
fase  tog<'thcr  or  on  tfie  relative  p<»teney  (dominance)  of  tlie con- 
trasting eiement,s.t 

Growth  and  Senescence. — The  bo<ly  increa.ses  rapidly  after 
birth  in  size  and  weight.  It  i.s  the  popular  iflea  that  the  rate  of 
growth  increa.ses  up  to  maturity  and  then  declines  as  old  age  ad- 
vances.   As  a  matter  (»f  fact,  careful  examination  of  the  farts  shows 

•  Wilson,  "The  .Toiirfisil  of  ExperinierUiil  ZfMJioKy,"  tf>06,  iii.,  1. 
tCotiiiult  Morgan,  "American  Naturalist,"  1910,  449. 
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that  the  rate  of  growth  decreases  from  birth  to  old  age,  although  not 
uniformly.  At  the  pubertal  period  ami  at  other  times  its  downwanl 
tendency  may  lie  arrested  for  a  time.  But,  speaking  generall}',  the 
maximum  rate  of  growth  is  reached  some  time  during  the  intra- 
uterine period,  and  after  birth  the  curve  falls  steadily.  Senescence 
has  begun  to  appear  at  the  time  we  are  boni.*  Thus,  according  to 
the  statistics  of  Quetelet,  the  average  male  child  weighs  at  birth  6J 
pounds.  At  the  end  of  the  first  year  it  weighs  IS}  pounds,  a  gain  of 
12  pounds.  At  the  end  of  the  second  year  it  weighs  23  pounds,  a 
gain  of  only  4}  pounds,  and  so  on,  the  rate  of  increase  falling  rap- 
idly with  ailvjincing  years.  Jarkfiont  hw^  j>ubli8hed  on  interesting 
series  i>f  observatiims  upon  the  relative  and  absolute  growth  of 
the  human  fetus  and  its  different  organs  during  the  intra-uterine 
perioil.  Relative  grcm-th  is  defined  as  the  "ratio  of  the  gain 
during  a  given  iHjriod  to  the  weight  at  the  beginning  of  the  ijcriod." 
From  thb  .sitandjxjint  he  finds  that  the  maximum  rate  of  growth 
ncfuns  during  the  first  month  of  fetal  life.  As  determined  by 
the  volume  of  the  fetus  the  ovum  inrreji-ses  n>ore  than  10,000 
i.ime„s  in  sise  during  this  period.  In  the  succeeding  months  of 
intra-uterine  life  the  relative  monthly  growth  rate  may  be  expressed 
by  the  figures  74,  1 1,  1.75,  .82,  .67,  .50,  .47,  .45.  During  this  period 
the  absolute  weight  is,  of  course,  increasing  rapitlly,  and  according 
to  Jackson''s  observations  the  total  weight  of  the  embryo  may  be 


caJculatcd  at  any  time  from  the  formula  weight  (g) 


/Age^lay8)\4. 


The  actual  .statistics  of  growth  have  been  collected  and  tabulated 
with  great  care  by  a  number  of  observers;  for  this  country 
especially  by  Bowditch,  Porter,  and  Beyer.*  .\n  interesting 
feature  of  the  records  coilected  by  Bowditch  Is  the  proof  that 
the  prepubertal  acfeleration  of  growth  comes  earlier  in  girls 
than  in  boys,  sn  that  betwtnjn  the  ages  of  twelve  and  fifteen 
the  average  girl  is  heavier  and  taller  than  the  boy.  Later,  the  boy's 
growth  is  accelerated  and  his  stature  and  weight  increase  beyond 
that  of  the  girl.  It  appears  from  the  e.xaminations  made  upon 
school  children  by  Porter  and  by  Beyer  that  a  high  tiegree  of 
physical  development  is  usually  associated  with  a  corresix>nding 
[tre-eminence  in  mental  ability.  The  signs  of  old  age  may  be  de- 
tected in  other  ways  than  by  oljservations  upon  the  rate  of  growth. 
Changes  take  place  in  the  composition  of  the  tissues;  these  changes, 
at  first  scarcely  noticeable,  become  gradually  more  obvious  as  old 

•SeeMinot,  "Joumul  of  Pby-nioloKJ',"  12,  07. 

t  Jackson,  "The  Amfrican  Jounrnl  of  Anntomv,"  0,  119,  1909. 

I  Srr  Ii«»w(lil  eh,  "  ll('|M)rt  «>f  .State  hojtril  of  Hi'alth  of  MiuHartiUiM-lttt," 
IS77,  IST'.t,  and  IStll ;  Porter,  "Traiisju-tinns,  Araduiiiy  of  Science,"  St. 
f.oui.s,  IH9W*4;  Beyer,  "  ProPcodiiiB-s,  United  ^t&Us  Naval  lAstitutc,"  21, 
2<>7.  IKOii. 
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age  advances.  The  bones  become  more  brittle  from  an  increase  in 
their  inorganic  salts,  the  cartilages  become  more  rigid  and  calca- 
reous, the  crystaHine  lens  gradually  loses  its  elasticity,  the  muscles 
lose  their  vigor,  the  hairs  their  pigment,  the  nuclei  of  the  nerve 
cells  become  smaller,  and  so  on.  In  every  way  there  is  increasing; 
evidence,  as  the  years  grow,  that  the  metabolism  of  the  living  mat- 
ter of  the  body  becomes  less  and  less  perfect;  the  power  of  the 
protoplasm  itself  becomes  more  and  more  limited,  and  we  may 
suppoee  would  eventually  fail,  bringing  about  what  nrught  be  called 
a  natural  death.  As  a  matter  of  fact,  death  of  the  organism  UNually 
results  from  the  failure  of  some  one  of  its  many  complex  mechanisms, 
while  the  majority  of  the  ti&sues  are  still  able  to  maintain  their  exis- 
tence if  supplied  with  proper  conditions  of  nourishment.  The  phys- 
iological evidences  of  an  increasing  senescence  warmnt  the  view, 
however,  that  death  is  a  necessar>'  result  of  the  properties  of  hving 
matter  in  all  the  tissues  except  possibly  the  reproductive  elements. 
The  course  of  metaljolism  is  such  that  it  is  self-limited,  and  even  if 
perfect  conditions  were  supplied  natural  death  would  eventually 
result.  We  do  not  understand  the  nature  of  these  limitations, — that 
ia,  the  ultimate  causes  of  senescence.  Many  examples  of  unusual 
longevity  are  on  record,  the  most  authentic  being  proljably  that  of 
Thomas  Parr.  An  account  of  his  life  and  the  results  of  a  postmor- 
tem examination  by  Harvey  are  given  in  volume  iii  of  the  "  Philo- 
sophical Transactions  of  the  Royal  Society  of  Tx)ndon,"  "He  died 
after  he  hatl  outlived  nine  princes,  in  the  tenth  year  of  the  tenth  of 
them,  at  the  age  of  one  hundred  and  fifty-two  years  and  nine 
months."  The  imniediatc  cause  of  his  death  was  attributed  to  a 
change  of  food  and  air  and  habits  of  life,  as  he  was  brought  from  Shrop- 
shire to  Ixtndon,  "where  he  fed  high  and  drunk  plentifully  of  the  best 
wines."*  With  reference  to  the  phenomenon  of  senescense  as  a  neces- 
sary attribute  of  living  matter,  Weissmann  has  called  attention  to  the 
fact  that  inasmuch  as  the  species  continues  to  exist  after  the  in- 
dividual dies,  we  must  believe  that  the  protoplasm  of  the  repro- 
ductive elements  is  not  subject  to  natural  death,  but  has  a  self- 
perpetuating  metabolism  which  imder  proper  conditions  makes  it 
immortal.  Weissmannf  designates  the  protoplasm  of  the  germ  cells 
as  genn-plasm,  that  of  the  rest  of  the  Ixxly  as  somatoplasm,  and 
inasmuch  as  the  former  continues  to  propagate  itself  indefinitely 
under  proi>er  conditions,  while  the  latter  has  a  limited  existence,  he 
conctufles  that  originally  protoplasna  possessed  the  property  of 
potential  immortality.  That  is^  barring  accidents,  disease,  etc.,  it 
was  capable  of  reproducing  itself  indefinitely.     He  assumes,  more- 

*  A  pirlure  of  Parr  painted  by  van  Dyck  (1635)  in  fxhibit('<l  in  the  Rnviil 
Gafiery,  Drcwden,  No.  iai2. 

t  W'eisaman,    "  P^swavs    upon    Heredity    and    Kindred   Kiol«^c&l  Prob- 
i";  also  "GernT-pla«in"  in  the  "Contemporary  Science  Series." 
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over,  that  this  prop+*rty  is  exhibited  at  present  in  many  of  the  sim- 
pler forms  of  life,  .such  lus  the  aiueba.  This  latter  phase  of  his  theory 
has  been  the  subject  of  much  interesting  investigation,*  with  some 
contradictory  results,  but  it  has  been  fihown  (WoodrufT)  that,  a 
iifM'cinicn  of  ]>aranjeciuni,  isolated  and  kept  in  a  varjnni?  culture 
medium  during  three  and  a  half  years,  passed  through  2000 
divisions  at  an  average  rate  of  three  in  every  48  hours,  without  the 
appearance  of  signs  of  senility.  Such  a  result  would  indi<'At4»  the 
correctness  of  Weisniann's  view.  Assuming  that  the  ixDten- 
tial  immortality  exhiibited  by  the  reproductive  cells  was  originally  a 
general  property  of  protoplasm,  Weissman  conceives  that  the  phe- 
nomenon of  senescence  and  death  exhibited  by  other  cells,  somat 
plasm,  is  a  secondarj-'  property,  which  was  acquired  as  a  result ' 
variation  and  was  preserveti  by  natural  selection  because  it  is 
advantage  in  the  propagation  of  the  species.  An  aetmd 
tality  of  the  entire  oi^nlsm, — that  is,  the  property  of  indefinite 
existence  except  as  death  might  be  caused  by  accidental  occur- 
rences of  various  kinds — would  be  a  disadvantage  in  many  ways. 
The  vast  increase  in  the  number  of  individuals  might  exceed  the 
capacity  of  nature  to  provide  for;  the  retention  of  the  maimed  and 
imperfect  would  make  many  useless  mouths  to  feed,  and  perhaps 
the  evolution  of  higher  and  more  f^erfect  fonns  by  the  slow  action 
of  variation  and  natural  selection  would  be  retarded.  From  this 
point  of  view  senility  and  natural  death  constitute  a  beneficial 
adaptation,  acquired  because  of  its  utility  to  the  race,  on  the  one 
hand,  and,  on  the  other,  because,  after  the  beginning  of  a  differen- 
tiation in  function  among  the  cells,  the  possession  of  unmortAhty 
by  alt  the  ceils  was  no  longer  of  any  value  to  the  race,  and  therefore 
was  not  hmuglit  under  the  preser^'ing  influence  of  natural  selection. 
Perhaps  the  most  significant  and  definite  contribution  to  the 
subject  of  griiwth  luis  been  made  by  Rubner*  upon  the  basis  of 
the  energy  facttir.  His  estimates  Avere  tnutle  upon  data  collected 
for  man  and  tlie  following  inaimnalia,  horse,  cow,  sheep,  pig. 
dog,  cat,  rabbit,  and  guinea-pig — and  they  bring  out  the  sur- 
prising fact  that  human  growth  constitutes  a  ty})e  of  its  own 
differing  greatly  from  that  shown  by  the  other  mammals  naiui^l. 
His  conclusitins  are  expi*esseil  in  two  general  laws  which  are  founded 
upon  calculations  made  upon  these  animals  in  the  first  period 
after  birth  during  the  time  necessary  for  doubling  the  weight  of 
the  animal:  Virst,  Ihelawof  con.'^lant  energ;^  consumption.  During 
the  fir.st  perioii  of  growtli  the  total  amount  of  energ)'  necessary 

t  Sm  Maiipas,  "Arrhivns  rif  zttolonir  rxpi'-rinipntale  ot  p?n#rale,"  6, 
165,  188S;  Cotle,  "Upbcr  dm  I'rsprmiK  .Ifs  Ti>ilo«."'  !.S.S3;  Woodruff,  "Amer- 
ican Natumlist,"  42,  MXt:  also  ".\rchiv  f.  Protistenkiinde,"  21,  263,  1911. 

*  Rubner,  "Daa  Problem  der  Lebenadauer,"  etc.,  Berlin,  1908. 
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for  maintenance  (metal«)lism)  and  growth,  as  expressed  by  the 
heat  value  of  the  food  consumed,  is  the  same  for  all  mammals 
except  man.  To  fonn  one  kilogram  of  animal  weight  requires 
in  round  numbers  4808  Calories  in  food;  while  for  man  about  six 
times  this  amount  is  needed.  Since  the  several  maiiiuials  con- 
sidered require  very  different  times  to  douJile  their  weight,  it 
follows  from  this  law  that  the  shorter  the  time  neeessa,ry  for  this 
result  the  more  intense  will  be  the  metabolism,  or,  expressed  in 
another  way,  the  rapidity  of  growth  is  j)roportic)nal  ttj  the  intensity 
of  the  metabolic  processes.  Second,  the  law  of  the  constant  grouih 
quotient.  In  all  the  mamnuds  considered,  with  the  exception  of 
man,  the  same  fractional  part  of  the  entii-e  food  eiierg)'  is  utilized 
for  growth.  This  fractional  portion  is  designated  as  the  "growth- 
quotient. ''  and  it  averages  'M  per  cent.,  that  is  to  say,  for  every 
1000  Calories  of  food  340  Calories  are  applied  to  growth.  In  man, 
on  the  contrary,  the  growth  quotient  is  only  .5  per  cent.  This 
growth  t(U(itieiit  i.s  a  specific  property  of  the  cell  and  a  charac- 
teristic of  youthfulness.  It  ha.s  its  maximal  value  at  birth,  so 
far  as  extra-uterine  life  is  concerneil,  and  then  sinks  slowly,  so 
that  at  maturity,  that  is,  at  the  end  of  the  growth  period,  it  become 
zero.  Thence  fonvard  the  energ\'  of  the  food  is  utilized  only  for 
the  maintenatice  uf  the  cells  and  for  the  work  they  perform,  none 
is  applied  tn  growth.  Ruhner  suggests  that  the  power  to  grow 
pos.sessed  h}'  the  cells  <>f  the  young  organism  depends  upon  srune 
special  mechanisms  of  a  chemical  nature,  that  is,  probably  certain 
special  chemical  complexes  which  are  rcs[ionsi})|('  r()r  the  "growth 
tendency"  (Wachstumstrich).  In  connection  with  this  growth 
energy  or  growth  tendency  it  will  be  remembered  that  in  the 
chapter  on  Internal  Secretion  evidence  was  given  that  in  early 
infancy  the  thymus  fonns  apjtarently  an  internal  secretion  or 
hormone  which  controls  or  stimulates  the  pn»cess  of  growth,  and 
the  anterior  lobe  of  the  pituitary  gland  also  forms  an  internal 
secretion  which  has  a  similar  action.  It  will  be  noted  also  that 
both  of  these  glands  affect  mainly  tlu^  growth  of  the  skeleton. 
The  increa.se  in  size  of  an  animal  is  normally  estimated  largely 
froni  the  groAvth  of  the  skeleton,  antl  Aron  has  shown  in  a  most 
interesting  way  that  the  grow'th  energy  resiiles  chiefly  in  this 
tissue.  According  to  this  author,  young  growing  dogs  if  given 
a  diet  insufficient  to  maintain  their  Ixidy  weight  will  still  continue 
to  grow,  since  the  skeleton  increases  in  size  at  the  expen.'^e  of  the 
other  tissues,  particularty  of  the  muscular  tissues.  The  growth 
tendency  in  the  skeletal  tissue  is  so  strong  that  other  tissues  are 
absorbed  t^  furni.sh  the  neces-sary  material.  This  marked  growth 
tendency  of  the  skeleton,  as  we  have  just  said,  is  controlled  or 
stimulated  by  secretions  from  the  thymus  and  hypophysis  and 


Digitized  by 


\m 


THE    PHYSIOLOGY    OF   REPRODUCTION. 


P 


possibly  from  other  sources.  The  fact  that  a  tissue  in  which  the 
growth  tendency  i.s  marked  will  live  at  the  expense  of  other 
tissues  finds  an  ilhLstration  in  other  ways,  for  example,  in  the 
development  of  malignant  growths,  such  as  cancer  or  in  the  pro- 
cesses of  regeneration  in  the  lower  forms  of  life.  Stockhard  reports 
that  in  the  medusa,  when  unfeti,  a  regenerating  tissue  may  grow 
rapidly  by  fewling  on  the  old  tK>dy  tissues.  It  would  seem  that 
this  tendency  to  grow  muf^t,  as  Rubncr  suggests,  depend  upon 
scjme  peculiarity  in  the  chemical  i5tructure  of  the  tissue  which 
exhibits  it.  We  may  hope  that  in  the  course  of  time  investigation 
will  disclo.se  what  this  structure  is,  and  enable  us  {x^rhafis  to  exer- 
cise some  definite  control  over  it. 

After  the  period  of  maturity  has  Ix'cn  rcaduHl  the  question 
arises  whether  the  subsequent  duration  of  life  can  be  foretold  or 
formulated  in  any  definite  way.  The  older  naturalists  conceived 
that  the  duration  of  mature  life  might  represent  a  definite  multiple 
of  the  period  of  youth.  According  to  Buffon  this  multiple  is  6  to 
7,  according  to  Flourens  it  is  5 — that  is,  the  mean  duration  of  life 
is  5  to  7  times  that  required  for  the  completion  of  growth.  The 
data  gathered  in  regard  to  the  u^'erage  duration  of  life  among 
different  animals  has  not  borne  out  these  suggestions,  and  Rubner 
iliseusses  the  matter  again  from  the  energy  standpoint.  He 
estimates  the  number  of  calories  of  food  which  are  required  for  each 
kilogram  of  body  weight  in  the  different  tiiainmalia  from  the  end 
of  the  period  of  youth  to  the  end  of  life.  For  man  this  period  is 
estimated  at  sixty  years  (20  to  80).  On  this  basis  he  finds  that 
each  human  kilogram  requires  725,770  Calories,  while  for  the  other 
mammalia  for  which  data  are  acces.sil)lc  an  average  of  only  191,600 
Calorics  is  required,  and  the  figures  in  the  latter  animals  are  so 
close  as  almost  to  warrant  the  belief  that  the  same  amount  is 
required  fiy  each  animal  in  spite  of  the  great  variations  in  the 
liuration  of  life.  It  follows  from  these  figui-es  that  the  human  cell 
is  characterized,  as  compare<l  with  that  of  the  other  mammalia, 
by  its  much  greater  t*itai  cai>a(nty  for  olitaining  energ}'  from  tlie 
foodstuffs.  This  capacity,  the  property  of  assimilation,  implies 
cliemicaJ  changes  and  transformations  in  the  living  matter,  and 
tlie  fact  that  eventually  this  property  languishes  and  expires,  that 
is,  the  fact  that  there  is  sucli  a  thing  as  natural  or  physiological 
death,  means  that  the  »jmatic  protoplasm  is  capable  of  effecting 
only  a  limite4l  number  of  such  transformations-  In  man  a  greater 
number  is  possible  than  in  the  other  mammals,  and  among  tlie 
latter  the  number  is  practically  the  same,  but  in  the  smaller 
animals,  with  their  more  intense  metabijlism,  the  series  is  com- 
pleted in  a  shorter  time  than  in  the  ca.se  of  the  larger  animals. 
Rubner  states,  moreover,  that  if  a  cell,  the  yeast  cell,  for  example, 
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by  artificial  means  is  forced  to  live  without  growing  and  multiply- 
ing it  dies  in  a  very  short  time.  In  some  way  the  processes  of 
growth  contain  the  very  source  of  the  maintenance  of  life.  The 
injurious  by-products  which  accompany  simple  metabolism  in  the 
living  matter  are  in  some  way  obviated  or  neutralized  by  the 
growth  changes.  On  this  basis  Rubner  suggests,  somewhat  in 
the  line  of  Darwin's  theory  of  pangenesis  and  of  Weissmann's 
theory  of  the  cause  of  death  in  the  somatoplasm,  that  thie  body- 
cells  give  off  certain  molecular  complexes  which  are  necessary  to 
the  growth  processes,  and  these  complexes  are  taken  up  by  the 
reproductive  cells.  After  the  animal  has  reached  the  period  of 
puberty,  of  reproductive  power,  and  provision  is  thus  made  for 
the  perpetuation  of  the  species,  the  individual  organism  is 
depleted  of  the  power  of  growth,  and  senescence  and  death 
become  inevitable. 
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PROTEINS  AND  THEIR  CLASSIFICAnON. 

Definition  and  General  Structure. —  Proteins  or  Hibuiiiins  are  complex 
organic  compounds  contuiiuiig  nitrogen  which,  although  differing  mucn  in 
their  composition,  arc  related  in  their  properties.  They  are  formed  by 
living  matter,  and  occur  in  the  tissuc^s  and  liquids  of  plants  and  animab, 
of  which  they  fonn  the  tnost  characteristic  constituent.  On  ultimate  analy- 
sis they  arc  all  found  to  contain  carlx)n,  hydrogen,  oxygen,  and  nitrogen; 
inoiijt  of  them  contain  al.'«o  some  sulphur,  and  some,  in  addition,  phosphorus 
or  iron.  As  usually  olitaiiied,  they  leave  also  some  ash  when  inmieratcd. 
showing  that  they  hold  in  combination  some  inorganic  salt«.  Percentage 
analyses  of  the  most  common  proteins  of  the  body  show  that  the  above 
named  constituents  occur  in  the  following  proportions: 

Carbon 50     to  55     p)er  cent. 

Hydrogen 6.5  to    7.3  "       *' 

Nitrogen 15     to  17.6  "       " 

Oxygen 19     to  24       "       " 

Sulphur 0.3  to    2.4   "       " 

The  clearest  insight  into  the  jJtnirturc  of  the  protein  molecule  has 
obiaincd  by  a  study  of  its  decomposition  proiluets.  When  submitted  to  i 
action  of  proteolytic  enzymes,  or  putrefaction,  or  acid  at  high  temperatures, 
the  large  molecules  split  into  a  number  of  simpler  bodies  in  consequence  of 
Lydrol^tic  clpiiviige.  The.'ie  end-products  are  very  numerous,  and,  while 
they  differ  somewliat  for  the  different  (iroteins.  yet  a  numlier  of  them  arc 
the  same  or  pimilar  for  all  proteins.  The  great  variety  in  the  end-product 
an  indication  of  ilie  oomplexitv  of  the  molecule,  while  their  similanty  is  pr 
that  the  various  proteins  are  all  built .  so  to  speak.  ujKtn  a  common  plan,  by  1 
union  of  certain  groupings  \vhi(;li  may  be  more  numerous  in  one  protein  than 
in  another.  This  fact  becomes  evident  from  a  brief  consideration  of  the  prod- 
ucts obtained  by  hydrolytic  cleavace  witti  acids.  The  groupings  reprvsented 
by  the  following  compounds  may  l>e  supposed  to  exist  preformed  in  proteJB 
molecules,  some  possibly  containing  them  all,  stime  only  a  portion  of 
list,  while  the  different  groups  var^'  in  their  proportional  amounts  in 
various  proteins: 

Monamino  Aclda. 

1.  GlycoooU  or  giycin  (umino-acotic  acid). 

2.  Alanin  (aminopropionic  acid). 

3.  Valin  (arainovalerianic  nci<l). 

4.  Leucin  (.arainocaproic  ucitl). 

5.  Isoleucin  (amJnocai>roie  acid). 

6.  Serin  (oxyaminonropionif  acid). 

7.  Cj'stein  (aminotniopropionic  acid). 

8.  Phenylalanin  (phenylarainopropionic  acid). 
S.  TjTosin  (oxyphenyianiinopropionic  acid). 

10.  Tryptophan  (indolaminopropionic  acid). 

11.  .Vspartic  aci<l  (aminosufcinic  acid). 

12.  tdiitaminic  acid  faminoglutaric  acid). 

13.  FroiJn  (pyrrolidin-rarboxylin  acid). 

14.  Oxyprohn  (oxypyrrolidin-carboxylic  acid). 

Diamino  or  Bnxi/:  Bodies. 

15.  Lysin  (fhamincwjiproic  aci<li. 

16.  Arginin  (guanidinaminovalerianic  acid). 

17.  Hislidin  (imidazol  amitiopropionic  acid). 

18.  Diaminotrioxydodecanic  a<.'iu. 
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These  split  (iroducts  arc  all  aminii-aritlM,  some  of  them  belonging  to  the 
fatty  acid  ^ahjihatic)  i».-rwt<  o{  ciirlxjii  coni|K>iiniJs,  stmn-  tu  tho  iiDinatiic 
(carbocyolif)  strips,  and  some  tt>  die  lieterocycUe  l|jyrrt>l,  iudol)  series,  la 
what  may  be  foniiiiJcretl  tlie  simplest  proloitiw  (n-cnrritig  in  nature — namely, 
the  protamine  found  in  the  sjK'miatoxria — only  from  fiiiir  t<i  six  of  tht'fH-  Rrotijw 
occur,  wliile  in  some  of  the  more  ftiiiuliiir  proteins,  such  as  senmi-albimnn 
or  casein,  a  much  larger  nmnl>er  ih  found.  Thus  fact  is  illustrated  liy  the 
following  table,  taken  from  Ahderhaldeu,  wliicli  shovvtt  the  coinixii^iition  of 
several  proteinK  lielonning  to  diHerent  iU»sse.s.  It  will  l>e  noted  tiiat  except 
for  the  suhnin  the  known  pmduets  huui  up  to  less  than  100  pier  cent.,  showing 
that  there  Ls  a  large  portion  of  the  niolet-ute  usyet  unknown. 

Skhi-u        Seneu       Cakein.     Salkin. 


Al.HlMIN.    C!l,nHI'UIN, 


Glyein 0 

Alaiiin , 2.7 

Valin 

Lcucin 20.0 


Proli 

I'henylulamin 

Glulaminic  acid 

Aspartic  acid 

Cyslin .  , 

Serin 

Tymsin 

Tryptophan 

Diaminotrioxydodecoic  acid. . . 

( >xj-prolin 

Lywin 

Arginin 

IIiKtidin , . 


1.0 
3.1 
7.7 

2.3 

0.«  

2.1  2..') 

pre!#nt  present 


3.5 

2.2 

present 
18.7 

2.8 

3.8 

8.5 

2.5 

0.7 


0 

(».*! 

i.n 

10.5 
3.1 
3.2 

ll.O 
1.2 
.065 
0.23 
•t.5 
1.5 
0.75 
0.25 
5.80 
4.84 
2.50 


43 
11.0 


7.8 


87.4 


The  "-amino-acids  of  which  these  end-products  consist  all  contain  the 
H 


grouping 


-L. 


I 


NHj,  and    Fischer  has  shown  that  such  bodies  possess  the 


ax)H 

property  of  combining  with  one  another  to  make  complex  molecules  containing 
two,  tliree,  or  more  ji^mps  of  amino-acids.  The  combination  takes  place 
with  the  elimination  of  water  formed  by  the  union  of  the  Oil  of  the  earboxyl 
(COOH)  group  in  one  aeid  ami  the  II  of  the  amino  (Nil,)  group  in  another. 
Thus,  two  molecules  of  amino-ueelie  acid  (glycocoU)  may  lx>  made  to  imite  to 
forma  coinjKjund,  glyeytglycin,  a.s  follows: 


nh/:h,cooh 

Qlycocall. 


NH,CH,COOH  — H,0 

Glycoroll. 


NH^H,CONHCUiCOOH. 

Qtycyli^ycin. 


Compounds  of  this  kintl  are  designuteil  by  Fischer  as  iJcptid.s.  When  foaiie<l 
from  the  union  of  two  amino-aci<la  they  are  known  as  dipeptids;  from  three, 
aa  tripeplidH.  etc.  The  more  complicated  compounds  of  this  sort,  the  poly- 
peptids,  begin  to  show  reactions  ciunilar  to  those  of  the  proteins.  Som«  of 
them  give  the  biuret  reaction,  some  are  acted  upon  and  split  by  proteolytic 
enzymes.  It  seems  justifiable,  therefore,  to  consider  protein'*  as  eftsentiatlv 
polypcptid  compounds  of  greater  or  less  complexity — that  is,  they  are  acici- 
amids  foimed  by  the  imion  of  a  numlxT  of  u-anuno-arid  eum[?ound.s.  More 
than  a  lumdretf  r>f  these  artificial  iH)ly|)eptids  have  Imh-u  thus  syntiiesiy.etl, 
one  of  the  most  romplev,  an  oela-deca  pcptid,  consisting  of  eighteen  mon- 
amino  a(;id.s,  fiift<"en  molecules  of  glyein,  and  three  of  Jeucin,  with  a  total  molec- 
ular weight  of  1213.  This  eoneept'iori  nf  the  stnicture  of  the  protein  molecule 
explains  a  number  of  their  general  characteristics — for  instance:  (I)  The 
fact  that  they  are  all  decompo^  and  yield  similar  products  under  the  influence 
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of  protpolylic  pnaymes  or  boiUnj;  itilulc  ttpi<l.  (2)  The  fact  that  the  pnM«in» 
arc  all  so  alikp  in  their  general  projierHes  in  spite  of  the  great  difFerenct*  in 
the  complexity  of  their  niolecvilar  Htnicture.  (3)  The  fact  that  tl>cy  «1k)w 
both  baaic  ami  arid  characters.  (4)  The  fact  that  they  all  give  the  biuret 
reaction*  (see  below). 

In  addition  to  the  amino-acids  some  proteins — egg-albumin,  for  example 
— ^yicld  a  carboliydrnte  body  upon  decomposition.  The  carbohydrate  ob- 
tained is  an  amino-.sugar  corufMiund,  usually  glucosamin.  C'gHuNO..  H  » 
detected  by  its  reducing  action  an  J  by  the  formation  of  an  osauone.  It  Mems 
probable,  therefore,  that  some  of  the  proteins  at  least  contain  such  a  group- 
ing aa  part  of  thr?  motecular  complex,  but  at  present  it  is  undctemtined  how 
many  pjos-scss  this  [x-culiarity  of  Ktriicture. 

General  Reactions  of  the  Proteins,  — It  is  evident  from  wliot  has  been 
said  in  the  pirocedin^  pariigraph  tliat  proteins  may  give  different  rear 
according  to  the  kinds  of  groupings  contained  in  the  molecule.  The 
tions  commcfn  to  all  proteins  arc  few  in  number,  the  most  certain  perl 
being  the  biuret  reaction,  the  hydrolysis  by  proteolytic  enzymes  or  putw- 
faetive  organiem-s,  ami  the  nature  of  the  split  productjs  formed  by  these  latter 
hydrolyaes  or  by  the  action  of  boiling  ffilute  acids.  A  very  farge  number 
of  reactions,  however,  have  been  de.wribed  which  hold  for  some  or  all  of 
tlie  proteins  usually  found  in  the  tissues  and  liquids  of  the  body.  These 
rwictiotw  may  be  described  under  two  heads:  (1)  Precipitation  of  the  proteia 
when  in  .lohition;  (2)  color  react>on.s. 

/.  Prfripitavin. — For  one  or  another  protein  the  following  reagent"  cau.<« 
precipitation: 

1.  The  addition  of  an  excess  of  alcohol. 

2.  Boiling  (heat  coagulation). 

3.  The  audition  of  mineral  atida, — e.  ij.,  nitric  acid. 

4.  The  salts  of  the  heavy  metals, — e.  g.,  acetate  of  lead,  copper  sul- 

phate, etc. 

5.  Addition  of  neutral  salts  of  the  allcalies  to  a  greater  or  less  degree 

of  concentration, — c.  g.,  sodium  chlorid,  ammonium  sulphate. 

6.  P'errocyanid  of  potUAsiuni  after  previous  acidification  by  acetic  acitl. 

7.  Tannic  acid  after  previouB  acidification  by  acetic  acid. 

8.  Phosphotungatic  or  phosphomolybdic  acid  in  the  presence  of  ftw 

mineral  acids. 
g    lodin  in  solution  in   potasaiutn  iodid,  after  prenous  acidification 
with  a  mineral  acid. 

10.  Picric  acid  in  solutions  acidified  by  organic  acids. 

11.  Trichloracetic  acid. 

This  list  might  be  extended  still  further,  but  it  comprises  the  precipi< 
tating  reagents  that  are  ordinarily  used.  Some  of  them,  particular!}'  No*. 
7,  8,  and  0,  give  reactions  in  solutions  containing  excessively  minute  tncai 
of  proteia. 

12.  Precipitins.  In  this  connection  a  brief  reference  may  be  made  to 
the  iiitere-rting  group  of  bodies  known  aa  pre<"ipitiiuH.  Aa  stated 
on  p,  416,  the  animal  orgamsm  has  the  power,  when  foreign  cell* 
are  injected  into  it,  of  forming  anti-bo<lies  by  a  .specific  biolngictti 
reaction.  It  has  been  discovered  that  anti-bodies,  or  as  they 
are  called  in  this  ca.se,  precipitins,  may  be  produced  in  th< 
same  way  if  protein  solutions  or  solutions  of  animal  tiasue  are  in- 
jected into  the  circulation.  Thus,  if  cows'  milk  be  injected  under 
the  skin  of  a  rabbit  there  will  be  produced  within  the  rabbit's 
blood  a  precipitin  whicli  is  capable  of  precipitating  the  casein  of 
cow.s'  milk.  tillhoURh  it  may  have  no  action  "n  the  milk  of  other 
animals.     In  the  same  way  any  given  foreign  protein,  when  injected 

under  tSjc  skin  of  an  Hnimal,  may  cause  the  production  of  a  pre- 

*  For  further  details,  see  Cohnbtirn,  "Clicmie  der  Eiweisskftrpcr, "  second 
edition,  1W)4;  or  .Abderhalden,  "Physiological  Chemistry,"  translated  by 
Hall  and  Detrttv,  ISevj  XotV.,  \^!rt»,  wvd  Rosenheim,  in  "bcience  Progress,  ' 
April  and  JuVy,  l<m. 
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cipitin  capabk'  of  precipitating  that  particular  protein  from  ita 
solutions.  The  precipitin  i«  not  absokitely  «}H'cific  for  the  protein 
iLsed  to  prwliice  it,  but  nearly  so.  If  a  rabbit  iuj  immunized  with 
human  blooil  a  precipitin  is  producefl  in  the  animars  blood 
which  etULses  a  precipitate  wlieti  mixwl  with  liunum  blood  or 
with  that  of  some  of  the  higher  monkeys,  but  gives  no  reaction 
with  tlie  blood  of  other  rnaisiniols.  The  reaction  may  be  u><ed, 
therefore,  in  a  measure  to  test,  the  blood-relationship  of  different 
animal.<t.*  It  Iior  been  suggested  that  the  reaction  may  ab^o  lie 
of  practical  importance  in  medicolegal  cases,  in  detenninitig  whether 
a  given  blood-stain  is  or  is  not  human  blood.  For  such  a  pur- 
po«e  a  hxunan  antiserum  is  first  prodticed  by  injecting  human 
aerum  into  a  rabbit.  Tlie  serum  of  the  rabbit  is  then  mixed  witli 
an  extract  of  the  suspected  blood-stain  made  with  salt  solution- 
if  a  precipitate  fonn.**  it  proves  that  the  filoodi  .stain  is  human  blood 

Erovided  tlie  possibility  of  its  being  monkey's  blood  ia  excluded. 
onceming  the  nature  of  the  precipitins,  little  is  known.  TTiey 
combine  <]imntitat,ively  with  tlic  protein  precipitated  and  the^ 
are  inactivated  {hcmatoscra)  by  a  t-emperaturc  of  70°  C.  Their 
reartioim  are  not  sufhcicnily  .-ijH-cific  to  do  used  as  a  means  of  de- 
tecting or  illKtingiiiKbing  ciusdy  related  proteins. 
//.  Th4s  Coior  Reactions  of  Proleiru. 
I.  Tlie  biuret  reaction.  The  prot«n  oohition  is  made  strongly  alkaline 
with  caustic  w>da  or  potash  and  a  few  drops  of  a  dilute  solution  of 
copper  sulphate  are  added  carefidly  so  as  to  avoid  an  exce«a.  A 
purpit;  color  ia  obtained,  riomc  proteins  (peptones)  ^ve  a  red 
purple,  others  a  blue  purple.  If  only  a  blue  color,  without  any 
mixture  of  red,  is  obtained,  no  prriteih  is  present.  At  present 
thia  reaction  gives   the   best   single   lest   for   protein.      It   ohtaim^ 

CON  H 
its  name  from  the  fact  tliut  it  is  given  by  biuret  HN<p(-.|^i|',  a 

compound  that  may  be  formed  by  heating  urea.  Two  moleculea 
of  urea  give  otT  a  muleculc  of  ammonia  anu  fun»  biuret. 

2.  The  Millon  reaction.     The  protein  solution    is   boiled   with  Millon'a 

reagent.  The  solution  or  the  precipitate,  if  one  is  formed,  tak«s< 
on  a  rtildisli  color,  which  varies  in  intenftity  with  different  proteias. 
Millon's  rttjgent  consists  of  a  Bolulion  of  mercuric  nitrate  in  nitric 
acid  contaimng  some  mcrcurous  nitrate.  Thi.H  reaction  i»  sup|x)scd 
to  be  given  by  the  tyrosin  loxy-aromatic)  grouping  in  the  protein 
molecule,  and  faila,  therefore,  with  those  proteins  in  which  tyrosin 
is  not  present. 

3.  The   xantiioproteic    reaction.      Nitric    acid   is   added   to   strong  acid 

reaction  and  the  solution  is  then  boiled.  After  cooling  ammonia 
ia  added.  The  ammoiviu  causes  the  development  of  a  deep-yellow 
color  if  protein  is  present.  Tlus  reaction  is  supposed  to  be  due 
to  the  presence  in  the  molecule  of  the  groupings  belonging  to  the 
aromatic  scries. 

4.  Adainkiewicz'i*  i  faction.     A  mixture  is  made  of  one  volume  of  con- 

ci'iilratA'ii  sulphuric  and  two  volvinies  of  glacial  acetic  acid  ;  if  the 
protein  solution  i<<  addctl  to  this  mixture  and  wanned  a  reddish- 
violet  color  is  obiaint'd.  According  to  Hopkins  and  Tole,  the  re- 
action depcnd.'i  upon  the  presence  of  glyo.vylic  acid  in  the  acetic 
acid.  This  reaction  seem*  to  be  due  to  the  tryptophan  grouping 
in  the  protein  molccnile. 

5.  Liebermann's  reaction.     Itrj'  protein  purified  with  alcohol  and  ether 

gives  a  blue  color  u|M>n  boiling  with  strung  hydrochloric  acid, 
fi.  The   lead   8ii!phi<l    reaction.     The   protein   solution   is   Iwilcd   with   a 

solution  of  a  lead  salt  made  strongly  alkaline  with  soda  or  jjotash. 

A  black  precipitate  or  black  or  bnjwn  coloration  results,  according 

to  the  amount  of  protein.     The  cf»lor  is  due  to  the  splitting  off  of 
•  Forraanvinlere»tinKexijerinient«a«dtheliternturc,  seeNultall,  "HlmMl 
Intmunky  am)  Kelationship.  '     Cambridge,  X'iHA. 
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siilpliiir  and  formal  i<»n  nf  k-ad  .sul[>l»i<l.  It  is  pv«-n.  fSovfon^ 
til*'  siilphur-cuntaining  grtiupis  in  tlu'  pmtfin  niolcculc. 
.  The  Molisfh  rcartion.  A  ffw  .dropH  of  nn  alcoholic  solution  of 
naphthol  nrc  adtipci  to  the  protpin  solution  und  thi-n  strunjt  nil- 
nlmric  acid.  A  violpf  color  h  otilainp<l.  This  rctiction  is  givpu 
by  tlw  carbohydratf  grouping  in  the  protnin  mtth'cule.  The  stroQg 
add  fontis  furfiirnl  from  t  lii>«  f:roni).  which  then  reacts  with  the  lutpi^ 
thol.  Tlic  rpaction  is  not  piven  by  those  proteins  tliat  do  not  coo- 
tain  a  carhohydratc  ^oiip. 

Classification  of  the  Proteins. — No  dasaification  of  the  proteina  has 
hnpon  proposed  which  is  entirely  satisfartorj'.  Eventually  a  c]a8nficatio& 
may  lie  nbuiined  howtl  upon  the  eJiemical  structure  of  tiie  various  proteim, 
tlie  iiumher  and  arrungenieut  of  the  ci>n.'>t,ituent  uniino  bodies,  but  our  Imov- 
ledge  at  preM'ni  is  much  imi  inruniplete  for  (his  purjwse.  We  inuirt  be  con- 
tent with  a  les8  Kalibfaetory  i>j'stem  based  in  part  U[)on  empirical  reactions 
wliich  have  gradually  been  recognized  in  the  course  of  pbyi^iological  inves- 
tigations. 

In  the  following  classification  the  recommendations  are  followed  of  the 
Joint  Committee  nn  Protein  Nomenclature  iip|K>iiited  by  the  American  Pby«i- 
ologicid  Society  and  the  American  .Society  of  Biological  (^hetnLsm  0'  American 
Journal  of  PhyHiology,  Proe.  Physiol.  Soc.,"  voL  xxi.,  1908): 


I.  Simple  proteiiwt  (protein  .sul> 
stanoeti  wliich  yield  only 
n-amir.u  acids  or  their  deriv- 
atives on  hydrolysi.H). 

II.  Conjugated  proteins  (sub- 
stances which  contain  the  pro- 
tein moh.'cule  unit^^d  to  some 
other  molecule  or  molecules 
otherwise  tlian  oh  a  salt). 


'  .Mljumins, 
Globulins 
(llutelins. 

Aleoliol-rioluble  proteins  (prolamiiies}. 
.-Vlhuiiiinoida. 
Uistons. 
Protamiiw. 
Glyropniteina. 
\  u  cleo  prt  jt  eins . 

Hemoglobins  (chromoproleins). 
Phosphoproteinii. 
lyC'citnopmleinB. 


IlL  Derived  proteins 


'  Prin^ary  protein  derivatives 
(formeii  through  hydrolytic 
changes  uhicli  cause  only 
slight  alterations  of  the  pro- 
tein molecule). 
S«iconilary  jirotein  deriva- 
tives. (PnMlucts  of  further 
hydrolytic  cleavage  of  the 
protein  molecule.) 


Proteans. 

Melaproteins.  _ 

Coagulated  proleioi. 

Proteoses. 
Peptones. 
Peptide. 


The  Albumins. — In  addition  to  the  albumin.s  found  in  the  cellular  ti*- 
sues,  the  cell  ullnwiuu!*,  the  cui)si>icuou,s  examjiies  of  this  group  are  serum- 
albumin,  milk-albumin  (lactalbuniin),  ami  egg-albumin  (ovalbumin).  Ttiey 
are  characterized  as  a  cLis-s  by  tlie  fact  that  they  are  coagulable  by  heat  ia 
solutions  with  a  neutral  or  acid  reaction,  and  are  soluljle  in  water  free 
from  salts.  In  aecordanee  with  the  latter  part  <if  this  definition  they  are  not 
prt^ipttated  by  dialysis.  They  are  precipitated  from  their  solutions  with 
more  difficulty  by  saturation  with  neutral  salts,  ammonium  sidphate,  than 
the  globulin.i  with  which  they  are  usnally  a.ssoeiated.  Kmpirically,  as  regard* 
the  uqm'ds  of  the  bmlv.  it  ia  stated  that  lliey  require  mon«  than  half  saturation 
with  ammonimn  sufphate  for  pr<*cipitation  (ncc  section  on  BIchmJ).  All 
three  albumins  refpmsl  1fi  liere  may  he  obtainetl  in  crystallized  form.  Thev 
are  not  precipitaled  by  jjaturation  with  sodium  clilorid  or  niai^esium  sul- 
phnte  unless  the  solution  is  made  acid.  They  are  rich  in  sidphur,  contMning 
from  1.6  to  2.2  |K-r  cent.,  ami  on  liydrolysis  they  yield  no  glycocoU. 

The  GlohuUns.— Proteiius  belouftinK  to  tliis  group  arc  found  in  the  cell 
tissues  together  with  albumins.     The  forms  that  have  been  most  studied 
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im-|rlohnlin  i  jiftraftlohuliii)  ami  fibrinogen  (bltxitt,  lynipli,  and  traiisu- 
___,  milk-glohiilii)  (Ltrti^gluhiiliu),  unJ  tw-f^lobuliii.  As  rontro-steil  witli 
"ftlbumins,  thuy  are  coagulable  by  heat,  but  are  itisolubU"  in  pure  wattr. 
They  arc  reaiiily  soluble  in  dilute  sohiiionis  of  neutral  suWls,  that  is,  salt*  of 
strtin^  bases  with  sinmR  :ici<Js.  In  eonw-tiufnce  ui  tbt-ir  insolubility  in  water 
thev  are  prrciijitated  by  dialyBiij.  This  reaction  is  nut  distiiu-Uve,  however, 
as  tne  precipitation  is  not  conrpleto.  Somt?  of  tin;  s<>-<'alleit  glnbulin  reniuitm  in 
solution  aftfr  the  saltD  have  been  reimiviHl  as  coiiniletely  as  jjossibk-  by 
dialy»iK.  They  axe  aluo  preeijyitated  pitrtially  from  their  ddiite  sohilirms  by 
the  addition  of  weak  ackis  or  l)y  a  strentu  of  rarbon  <li(»x)il  Practieallv  tiiey 
are  isolate<l  from  acconi|iaiiyinK  aUiutuiuH  by  precipitation  with  neutral  saltH. 
In  neutral  solutions  the  globulins  are  iiampletely  precipitiiteiJ  by  sntnration 
with  magnesium  sulphate  or  half  saturation  with  imimoniuni  BulpluitA-.  In 
the  blood  several  dinerent  forms  of  globulin  are  dislinKuisbed  by  the  degree 
of  aaturation  with  ammonium  sulpluite  neccjtsary  for  tlieir  precipitatiun  isce 
Blood).  The  separations  made  by  this  method  are  not,  liowever,  satisfac- 
torv-  Xor,  indeeil,  is  the  si'paration  between  globiilinn  and  albnmms  ulto- 
getWr  salisfactory.  It  woulil  seem  that  tliesc  proteins  are  wi  closely  related 
that  distinctive  reactions  are  difficult  to  obtain  on  account  of  the  existence 
of  forms  inlermeiliate  Ix-tween  the  extremes  that  are  used  as  types. 

The  Glutelins. — These  proteins  ot-eur  in  abviiidance  ill  the  sec-ds  of 
cereals.  Tlwy  are  insulubJe  in  all  neutral  solvents,  but  are  readily  dissolved 
by  very  dilute  aciiib^  or  allvalie.<i. 

AlcohoUsolubk  Proteins  (Prolamines). — Found  in  quantity  in  cereals, 
but  not  in  other  «'etls.  They  are  sohibk*  in  aleoliol  (70-S()  jwr  cent.),  but 
in.sohible  in  water  or  in  absolute  aleoliol.  tiliadin  of  wiieat  and  rye  and  lior- 
dein  of  barley  are  e.\amp!es.  On  liydrolysis  these  proteins  give  a  very  large 
pereentage  of  glutanunic  ucid  C-O  to  ;i7  j.)er  cent.)  and  from  20  tfl  30  |>er  cent, 
of  tlieir  nitrogen  is  given  off  as  ammonia.* 

Albuminoids. — Simple  proteins  which  an-  charaeterized  by  great  in- 
sohibiHty  in  all  neutral  s<il vents.  They  fonn  the  principle  constituent  of 
the  skeletal  trs,sues  and  eoTineetive  tissues,  e[>idernns,  hatrs,  etc.,  including 
such  members  as  eSastin,  keratin,  and  collagen.  Physiologically  it  ha.«  Ikx'Q 
found  that  gelatin,  a  derivative  of  collagen.  <l<jes  not  suffice  forihe  con.sirueticm 
of  living  pnjtein,  and  cannot  Ih'  used  in  place  of  the  other  proteins  to  nuun- 
lain  nitrogen  etpiilibrium.  This  pecidiarity  seems  to  be  «lue  lo  the  absence 
of  certain  nece.'wjirv'  amimr-aeids  in  its  moleeuJe.     (See  p.  885.) 

Protamins  and  Histons. — The  hisloiis  are  defined  a.s  being  soluble  in 
water  and  ini^iluble  in  very  dilute  ammonia.  They  yield  precipitate*  with 
solutions  of  other  pn»teins  and  give  a  coaguhrm  on  lu-ating.  Frotaminfl 
are  sfihible  in  water,  not  eoagulateii  by  healing,  and,  Uke  the  histons,  have 
the  prftt>erty  of  jireeifwlating  other  proteins  in  atpieous  .solutions.  They 
possess  strong  basic  projierties  ami  furm  stable  K.<i!ts.  The  |)n>tamins  have 
been  nbtaintHl  (Mieseher-Kosser)  from  the  beads  of  the  sfwrniHtozoa  in  fishes, 
in  vvliich  they  e.vist  in  ciMnbination  with  nucleic  acid.  They  differ  coasiJerably 
in  the  sjMTmutozoa  of  different  animals,  and  are,  therefore  designated  according 
to  the  zfKllogieid  name  <if  the  fish  from  which  they  arise,  as  salmin,  sturin.  rlu- 
pein,  scombriji,  etc.  They  show  a  biuret  reaction,  but  in  most  e!is<!s  fail  to 
give  Mtllon's  reaction.  On  hydrolysis  they  give  sjiiit  products,  which  eonsint 
chiefly  of  the  .so-called  dianiino-bodteH  (arginin,  histidin.  lysin)  rather  than  the 
monaminiHacids.  S.ime  of  the  latter  may  occur,  however,  .sneli  as  alanin, 
serin,  aminnvalcnanie  or  (f-iiyrro|lidin-cnrboxylic  acid.  Tlie  protamins  all  give 
an  alkaline  reaction,  form  sjilts  with  acids,  and  are  precipitated  easily.  Their 
molecular  struclnr«."  is  relatively  simple,  i^almin  is  given  the  formula  r„H.,,- 
t'i,II«-  The  molecule  contains  no  sutphur  and  is  cliaraeterixed  rdso  by  it.s 
large  percentage  of  nitrogen.  I'rot.-jmin  must  be  regarded  as  the  simplest 
form  of  protfin  orciirring  nornially  in  the  animal  body,  a  protein  in  whitli 
many  of  the  groupingfc,  such  as  cystin,  tyrosin,  carboliydr«l(>?i,  found  in  (be 
usual  protein  molecule  are  entirely  lacking  and  in  which  ihebawic  groupings 
(argininj  predominate.    The  histons  form  a  wries  of  compounds  intermediate 

•For  deiicriplion  of  thin  and  other  vegetable  pmteins.  see  (Jsborne. 
••Scienee,"Ort.  2,  ItKlS. 
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in  many  ways  between  the  prolamins  and  the  uaual  profeiiw.  The  reorticm 
usually  considered  as  characteristic  of  the  class  is  that  tliey  are  precipitated 
hy  ammonia.  They  are  precipitated  alfto  by  the  atkaloidjU  reagent* — t.  g.. 
plioHphotungstic  acid — in  neutral  jwlulions.  Ordinary  proteins  give  a  pre- 
cipitate with  these  reagents  only  in  acid  solutions,  while  the  protamin*  (cive 
one  even  in  alkaline  Botutions,  Prol-aniins,  hii^toiiH,  and  the  uaual  proteiiw 
form  a  series,  therefore,  in  which  the  basic  reaction  is  leaa  and  less  marked. 
The  best  known  of  the  histons  is  the  globiu  obtained  from  hemoglobin  ;  An- 
other form  has  been  obtained  from  the  nueleohiston  in  the  white  corpusdet. 
from  the  spermatozoa  of  mackerel  (scombron),  codfiah  (gnduahieton).  aea- 
urchin  tarbacin),  and  froe  (lolahiston).  They  do  not  occur  free  in  the  liquids 
or  tissues  of  tlie  body,  out  in  combination,  as  in  the  case  of  hemoielobin. 
They  give  the  biuret  reaction,  a  faint  Millon  reaction,  and  also  respond  to  the 
tcst«  for  suJpbur.  The  products  obtained  by  their  hydrolytic  cleavage  are 
much  more  numerous  than  in  the  case  ot  the  protamins—  a  fact  which  would 
indicate  that  tlieir  mole<'uIar  structure  is  correspondingly  more  complex. 

The  Conjugated  Proteins. — The  cArmnoprotfim  or  hemo^obint  may  be 
defined  ajv  consisting  i»f  a  simple  protein  in  combination  with  a  pigment 
l^ro^ipin^,  such  a.s  ot-curw  in  the  case  of  hemoglobin.  A  number  of  such  coir- 
pounds  are  known — hemoglobin,  hemocyaniu,  hemerj'thrin,  chlorocruorin — 
all  characterized  physiologically  by  the  fact  that  tney  serve  to  transport 
oxygen  from  the  air  w  water  to  the  tissues.  On  boiling,  heating  with  allulies 
or  acids,  etc.,  they  readily  decompose  into  their  constituent  part*  (see  Blood). 
Olyroproleing  are  compounds  of  a  carboliydrate  group  with  a  simple  protein. 
NiunerouB  bodies  have  Ix-en  put  in  this  class;  some  of  them  contain  phc*- 
phorua  (phosphoglucoprotcins).  Those  free  from  phosphorus  fall  into  two 
divisions:  one.  the  mucins,  which  on  decomposition  yield  the  carbohydratr 
group  in  the  form  of  an  aniino-sugar  (ghicosamin),  and  one,  the  chontmipro- 
tcins,  found  in  the  connective  tissues  and  in  the  pathological  substance  known 
as  amyloid,  which  yield  their  carbohydrate  group  in  the  form  of  chondroitin- 
Hulphuric  acid  (Cj,HnNSO„).  True  mucin  is  obtained  from  the  secretion 
of  the  salivary  glands  and  tlie  mucous  glands  of  the  various  mucous  meni- 
Ijranea.  The  nucimproleiim  constitute  the  most  interesting  of  the  group 
of  compound  proteins,  They  are  recognized  as  forming  an  important  con- 
stituent of  the  ci'U  nuclei.  They  may  be  defined  as  ?on.si.sting  of  a  com[Kiund 
of  simple  protein  with  a  nucleic  acid.  In  the  nuclei  (head)  of  s|>ermatoKO« 
the  compound,  in  some  cases  at  least  (fishes),  contains  a  nucleic  acid  and  ■ 
protamin.  In  other  cases  the  protein  constituent  is  more  complex.  On 
digestion  with  pepsin-hydrochloric  acid  the  more  complex  nucleoproteiu 
split,  with  the  formation,  first,  of  a  protein  svibstance  and  a  simpler  nudco- 
protein,  richer  in  phosphonw  anti  designated  as  a  nuclein.  On  further 
deeijmposition  tluH  Litter  yields  a  rmcjetc  acid.  Nucleic  acid  is,  therefore, 
ihe  characteristic  constituent,  and  a  number  of  different  forms  have  been 
described,  all  rich  in  phosphorus,  sucli  its  thymonucleic  acid,  salmonnucleir 
aci<l,  guanylic  acid,  etc.  Ijcvene  and  Jacobtt  have  shown  that  the  varioui' 
nucleic  iicids  are  constructed  on  a  generel  type  which  consists  of  a  phosptKinc 
acid  group  linked  to  a  nitrogenous  base  hy  mejin-s  of  a  carbohydrate  group. 
This  latter  group  is  <t  ribose,  one  of  the  |)entoeie8.  Compounds  of  this  t>*iie 
they  propose  (o  designate  as  nuclotidcs.  When  the  phosphoric  acid  is  split 
off  a  comiKiund  of  the  earbohydrate  and  the  nitrogenous  base  is  left,  and  on 
further  hydrolysis  tlie  carb<ihydrnte  may  Ik-  split  off  and  various  nitrogenous 
substances  be  formed,  such  ju*  purin  biuniw  or  pyrimidin  derivatives.  Thew 
final  decomposition  pro<lucls  are  r^haracterislic  of  the  true  nueleoproteinfi  a* 
dialinguishefj  from  the  phosphoni.s-containing  proteins,  the  nucieo-albuiiiinfi 
or  plujsphoproteins,  such  a^  casein.  The  percentage  of  phosphorus  in  the 
nuelfHiproleins  varies,  according  to  the  complexity  of  the  molecule,  between 
O.'i  and  1 .0  p<T  cent. 

The  lecitbopralttns  consist  of  compounds  of  the  protein  molecule  with 
lecithin  (lecithans,  phosphatids),  while  the  pkoaphoprolciriK  are  compoimdj. 
of  (he  protein  molecule  with  some,  as  yet  \indefin<*d,  phasphorus-rontain'uig 
sub.'^tnnce  oI^ct  t\\an  a  wudtw  vw:ul  or  lecithin.  This  group  contains  such 
proteins  i\.s  tVie  vvUAVm  ol  t\\(;  -^ANs-  ».w\  cwewi  p\  •wcK*., '♦sbiich  were  formerly 
designated  as  T\'ue\i>o-vAVj\3nuiv6- 
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The  Derived  Proteuis.^UndrT  thin  dwiiination  arf  incluiied  prorlucta 
dfrived  from  the  simple  prot*.-iiis  ]>y  hydrrtly.Ms.  When  the  hydrolytic  clianpe 
iii\oIvt>.s  only  a  slight  rJmtige  in  thv  prot-oin  molecule  we  have  what  are  known 
as  primary  derivativew,  iif  wUicli  thnni  groups  are  made:  (1)  Protcans,  cer- 
tain Tn.Hi>lnble  prodiicls  xvliicli  result  from  the  incipient  a'^tion  of  water, 
enzymeji,  or  very  dilute  adds.  (2)  M^taproteins,  products  which  n«ult  from 
the  further  action  of  atiids  or  alkalies,  by  means  of  which  the  ^irotf in  in  con- 
verted into  a  form  soluble  in  weak  acid^  or  alkaUea,  but  precipitated  on  neu- 
tralization. This  group  ineludca  wliat  was  formerly  designated  as  acid  or 
alkali  albumin.  (3)  ("oapulated  protein — in.iolubfe  products  fonned  by 
the  action  of  heat,  alcoiiol,   etc. 

If  the  hydrolj'sis  proceeds  further,  certain  cleavage  produet-s  result  which 
are  simpler  than  thej<e  iust  named,  but  are  more  complex  than  the  final 
products  of  complete  hydrolysis  (amini>-aritls).     These  intermediate  elcnvage 

froducts  are  jtrouped  under  the  term  (secondary  derivatives  and  include: 
1)  PmteoHta,  product.H  whicli  are  soluble  in  water,  not  coagulated  bv  heat, 
and  are  completely  precipitated  by  saturation  with  aniinoniuni  sulphate  or 
sine  jfulphate.  (2)  Peptune-s,  products  which  are  soluble  in  water,  are  not 
coiigulated  by  heat,  ami  are  not  precipitated  by  satiirati(m  with  ammonium 
sulphate.  (3)  Peptiiin.  products  which  conwist  of  two  or  more  umino-acids 
in  which  the  carboxy!  group  of  one  is  imited  with  the  amino  group  of  an- 
otiier,  with  the  elimination  of  a  molecute  of  water.  Tlie  peptones  probably 
are  simply  poly pept ids  or  mixtures  of  poly pept ids.  ^^B 

I  DIFFUSION  AND  OSMOSIS.  ^1 

In  recent  years  the  physical  conceptions  of  the  nature  of  the  processes 
of  diffusion  and  osmo-ii-s  lia\e  elmuge<l  coii.siderably.  As  these  newer  concep- 
tions have  entereii  largely  into  current  medical  liteniture,  it  seems  advis- 
able to  give  a  brief  description  of  tfiern  for  the  u?*  of  lho.se  sludeiils  of  phyy- 
iology  who  may  be  unae()uauitGd  with  the  modem  nomenclature.  Tlie 
very  limited  .space  that  can  be  devoted  to  the  subject  forbids  anything  more 
than  a  londenaed  elenientar\'  presentation.  For  fuller  infonuation  refer- 
eJice  must  be  made  to  special  treati.ses.* 

Diffusion,  Dialysis,  and  Osmosis. — When  two  ga-ses  are  brought  into 
contact  a  homogeneous  mixture  of  the  two  j.><  soon  obtained.  This  inter- 
penetration  of  the  gawea  is  apoken  of  aa  liitTusiou,  and  it  is  due  to  the  con- 
tinual movements  of  the  gaseoua  molecule.^  to  and  fro  within  the  limits  of 
the  confining  »tpace.  8u  idso  when  two  niiscible  liquids  or  solutionis  are 
brought  into  contact  a  diffusion  occurs  for  the  some  reason,  the  movements 
of  the  molecules  finally  effecting  a  homogeneous  mixture.  If  the  two  liquids 
happen  to  be  separated  by  a  membrane  diffusion  will  still  occur,  provided 
the  membrane  is  permeable  to  the  liijuid  molecules,  and  in  time  the  liL]Uids 
on  the  two  sides  will  be  mixtures  having  a  uniform  composittoii.  Not  onlv 
water  molecules,  but  the  molecules  of  many  substance^s  in  sohition.  such 
aa  sugar,  may  pa-ss  to  am!  fro  through  membranes,  svi  that  two  lirpiids  sepa- 
rated from  each  other  bv  an  intervening  n)embrane  and  originally  unuke 
in  cotnpo.sition  may  finally,  by  the  act  of  diffusion,  come  to  have  the  same 
composition.  Diffusion  of  this  kind  through  a  membrane  is  fre<|uently 
spoken  of  a.s  dialysis  or  osmosi.s.  In  the  body  we  deal  with  aqueous  solu- 
tJon.s  of  variotis  Hubstances  that  are  ;se|>arated  from  each  other  by  li\iug 
membranes,  sueli  a.s  the  walls  of  the  blno«i  capillaries  or  of  the  alimentary 
canal,  and  the  laws  i^f  diffusion  through  meniDranes  are  of  itnmediate  im- 
portance in  e.xplainiiig  the  pas-sage  of  water  and  dissolved  suljstanees  tlirough 
these  living  .septa.  In  aqueous  solutions  such  as  we  have  in  the  body  we  must 
take  into  account  the  movements  of  the  molecules  of  the  solvent,  water, 
as  well  as  of  the  substances  dissolved.     These  tatter  mav  have  difTorent  de- 
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*C'onsiilt  ("ohon,  "Physical  Chemistry  for  Phy.sicians  and  Biologists," 
translated  by  Fischer,  I'M'.L     H.  C.  Jones.  "The  Thcorj-  of  Electrolytic   Dis- 
sociation," 190f)  ;  "  Diffusion   Osmosis,  and  Filtration,"  by  E,   W.    Keid,  in 
Schiifer's  "Text-book  of  Physiology,"  1S'J8. 
63 


-etgil 


994 


APPENDIX. 


grecs  of  diffusibiljty  as  compared  with  one  another  or  with  the  water  mole- 
cule^i,  and  it  frequently  happens  that  a  membrane  that  in  permeable  to 
water  molecules  is  less  permeable  or  even  impermeable  to  the  moleruies  of 
the  substances  in  <«olution.  For  this  rea:mn  the  diffusion  stream  of  water 
and  of  the  dissolved  substances  may  be  diiferentiate^i,  as  it  were,  to  a  greaser 
or  less  extent,  In  recent  years  it  has  become  customary  tn  limit  the  term 
oamoeia  to  the  stream  of  water  molecules  pasgin^  throu^  a  membrane, 
while  the  term  iliHly!<is,  or  diffa-iion,  i.s  applied  to  the  passa^  of  the  mole- 
cules of  the  substances  in  nohition.  Tlie  onmotic  stream  of  water  imder  vary- 
ing conditions  is  especially  important,  and  in  connection  with  this  prcMxaB 
it  isi  ne<'es.sar>'  to  define  fho  tpmi  oi^motic  pressure  as  applied  to  iwlutiona. 

Osmotic  Pressure. — If  we  imapiue  two  masses  of  water  ^epan^ed  by 
a  Dermeahle  membmne,  we  ran  readily  understand  that  as  many  water  molft* 
cules  will  pa-sK  through  from  one  j'idc  us  from  the  other;  the  two  stmina. 
in  fact,  wiJl  neutralize  each  other,  and  the  volumes  of  the  two  maahes  of 
water  will  remain  michanged.  'I'he  movement  of  the  water  moleoulen  in 
this  case  is  not  actually  ob8er\-ed,  but  it  is  aasiuned  to  take  place  on  the 
theory  that  the  lic|uid  molecules  are  continually  in  motion  and  that  the 
membrane,  l)eing  }^>enncalile,  ofTers  no  obtstacle  to  their  movement*.  If. 
now,  on  one  side  of  the  membrane  we  place  a  solution  of  some  cryKtaUoio 
HulKitaiice,  .''Uch  us  ronmion  .salt,  and  on  the  other  wide  pure  water,  IImd  H 
will  be  found  that  an  excels  of  water  will  pass  from  the  water  tude  to  tba 
Ride  conlaining  the  s^iohition.  In  the  older  terminology  it  was  said  that  tbe 
Kalt  attract«ti  this  water,  but  in  the  newer  theories*  the  same  fact  is  expraned 
by  saynng  that  the  .x.ilt  in  ^ulutiun  exerts  a  certain  oemotic  preosure,  in  cooa^ 
quence  of  which  more  water  Hows  from  the  water  Mde  to  the  »de  of  the 
solution  thnn  iti  the  reverse  direction,  .^s  a  matter  of  experiment  it  is  found 
that  the  i>^mo1tc  pressure  varies  with  the  amount  of  the  substance  in  sohl- 
tiou.  If  in  expenments  of  this  kind  a  8emi|)ermeable  membrane  i?  chaaen 
— that  in,  u  mentbrane  that  is  permeable  to  the  water  molecules,  but  not  to 
the  molecules  of  the  substance  in  solution — the  stream  of  water  to  the  aide 
of  the  cr>'8tatloid  will  continue  until  the  hydrostatic  pressure  on  this  m&B 
reaches  a  certain  f>oint,  and  the  hydrostatic  pressure  thus  rau.<«ed  may  be 
taken  as  a  measure  of  the  osmotic  pressure  exerted  by  the  substance  in  «olu- 
tion.  Under  these  condition.'<  it  can  be  shoe's  that  the  osmotic  prewun 
is  proportional  to  the  concentration  of  the  solution,  or,  in  other  word*,  to 
the  numlier  of  molecules  (antl  ions)  of  the  cn'-xtalloid  in  solution,  .^s  a 
matter  of  fact,  most  of  the  menibrane*;  that  we  have  to  deal  with  in  th« 
bwiy  are  only  .'»ppro.\imaicly  semif^nneable — that  is,  while  tliey  are  rcaiiily 
[■enncinble  to  water  mnlecules,  they  are  aLuo  permeable,  altliough  with  mof* 
or  leas  dilficulty,  to  the  sul>^tanc&i  in  solution.  In  «nrli  rn.'^  we  get  an 
ocniotic  ef  ream' of  water  to  the  side  of  the  dissolved  .  -at  tl» 

nune  time  Die  molecule*  of  the  latter  pass  to  some  e\'  •  meof 

hnute,  by  dilTiL'-ion,  to  the  other  side.     In  course  oi    tune,  Tucri'iore,  thv 
diiwolvod  cryxtfdinid  will  lie  e<|UalIy  diilributed  on  the  two  sides  of  the 
bmn-    •'■    ■'inotic  pressnrp  on  l>oth  sides  will  become  equal,  and 
of  ■  •'  ill  ceaj«  to  lie  apparent,  since  it  is  erpul  in  the  two  di 

All  -   In    inif  wilutioji  are  capable  of  exerting  o«unotir 

ail'  i\er>'  lia.s  tieeu  made  ll>at  the  osmotic  prewure, 

UT»-  pheres  or  the  pressure  of  a  ctJunm  of  watrr  or 

rurv,  i«  «.<(iiiil  In  iUv  ga.-  procure  iViat  would  ^le  exrrt«l  by  ;i 
luoleoni*'-  of  gas  e«]ual  to  that  of  the  cn'^talloid  in  solution,  if  coi 
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explanation  of  tlii'  nature  of  osniotu-  prfsBurc  ha.-*  not  hpt-n  furnislie<i.  W*- 
must  be  content  to  use  the  term  to  express  tlie  fuct  tiestriljed.  It  is  a  nmtter 
of  great  inijwirtarire  to  measure  the  t»<niotir  pressures  of  various  solutions. 
All  wft8  Htateil  above,  this  measurement  ran  be  made  for  any  solution  pro- 
vided a  really  >ietni5>ermeable  membrane  is  cmiHtructetl.  As  a  matter  of 
fact,  however,  the  use  of  suph  membranes  has  not  been  general.  In  actual 
experiments  other  metfiotls  have  lieeii  emploj'ei.l,  and  a  brief  statement 
of  a  theoretical  and  a  practical  method  of  arrivtiijf  at  the  value  of  ojiniotir 
pressures  may  tje  of  !<en.-ire  in  further  ilhisf  rating  the  meaning  of  the  term. 
liefore  stating  these  methods  it  becomes  nece-Hsary  to  define  two  terms — 
namely,  electrohlcs  and  gram-molecular  sfiIutioa>' — that  are  much  U!«d 
in  thir*  connei'tifin. 

Electrolytes. — The  tnolecules  of  many  sul>fitances  when  brought  into 
B  slate  of  Hohition  are  Iwlievwi  to  t)e  dissociated  into  two  or  more  partK, 
known  as  ionn.  The  conifjleteness  of  tlte  dissoi-iation  varies  witli  the  sub- 
stAnce  used,  and  for  any  one  substance  with  the  degree  of  iJilution  Roughly 
speaking,  the  greater  the  dilution,  the  more  ncarJy  complete  ia  the  iliiisocia- 
tion.  The  ions  liberatctl  by  thiw  act  of  dissociation  carry  an  electrical  charge 
and  when  an  electrical  current  is  led  into  the  solution  it  iw  conducted  in  a 
definite  direction  by  the  movements  or  migration  i>f  the  chargeil  ions.  The 
molecules  of  pcrlectJy  pure  water  undergo  almost  no  di«»«ocialion.  and  water, 
therefore,  does  no|  appreciably  conduct  the  electrical  current.  If  some 
NaCl  is  diaflolved  in  water,  a  certain  numljer  of  it.i  molecules  become  ilis- 
0ociated  into  a  N'a  ion  chargeii  jKisitively  with  electricity  and  a  Vi  ion  charged 
negatively,  and  the  solution  becomes  a  conductor  ui  tlie  electrical  current. 
Substances  that  exiiibit  this  property  of  dis^iociation  into  electrically-<"hargeft 
ions  are  known  as  eli-ctrolyies,  to  distinguish  them  from  other  soluble  su1>- 
stances,  such  as  sugar,  that  do  not  dissociate  in  solution  and,  therefore,  do  not 
conduct  the  electrical  current.  Speaking  generally,  it  may  be  said  that  all 
sal t«,  bases,  and  acids  belong  to  the  group  of  electrolytes.  The  conception  of 
deetrol)rte«  is  very  important  for  the  reason  that  the  act  of  dissociation  ob- 
viously increases  the  number  of  particles  moving  in  thesohition  and  thereby 
increaaea  the  osmotic  pres-sure.  nincf  it  has  In-cn  foimd  e\{)erimentally  that,  so 
far  as  osmotic  pressures  are  concerned,  an  ion  plays  the  same  part  as  a  mole- 
cule. It  follows,  therefore,  thai  the  osmotic  pressure  of  any  given  electrolyte 
in  solution  is  increai+ed  in  proportion  to  the  degrw  to  ivhicli  it  is  dissociated. 
As  the  liquids  oi  the  bctdy  eontain  electrolytes  in  solution  it  becomes  ueces- 
sarj',  in  estimaling  their  osmotic  pressure,  to  take  this  fact  into  considerati<in. 

Oram-molecular  Solutions. — The  concentration  of  a  given  sul)stani« 
in  softitinn  may  l)e  .nlated  by  the  a«<uaJ  method  of  fiercentages,  hut  from  the 
»tandpf>int  of  or>njotic  pressure  a  more  convenient  niethixl  is  the  use  of  the 
unit  known  aw  a  gram-molecular  solution.  A  gram-mole<"ule  of  any  sub- 
stance is  a  fjuantity  in  gram.H  of  the  sub8t.ance  equal  to  its  molecular  weight, 
while  a  gram-molecular  .solutir)n  is  one  containing  a  gram-molecule  of  the 
substance  to  a  liter  of  the  solution.  Thus,  a  gram-molecular  solution  of 
sodium  rhlorid  is  one  containing  .t.S.5  gms.  (Na,  2.1;  CI,  3.5.5)  of  the  salt  to 
a  liter,  while  a  gram-molecular  solution  of  cane-sugar  contains  .342  gn»s. 
(C„H„<  >„)  to  a  liter.  Similarly  a  gram-molecule  of  H  is  2  gms.  by  weight 
of  this  gas,  and  if  thia  weight  of  H  were  compressetl  to  the  volume  of  a  litei 
it  would  be  comparable  to  a  pram-njole<'ular  solution.  Since  the  weight 
of  a  molecule  of  H  i^  to  the  weight  of  a  molecule  of  cane-sugar  as  2  is  to 
342,  it  follows  that  a  liter  containing  "2  gnw.  of  If  has  the  same  number  of 
molecules  of  H  in  it  a-f  a  liter  of  solution  ci>n1aining  H-12  pms.  of  sugar  has 
of  sugar  molecules.  On  the  assumption  that  a  molecule  m  soluliun  c\<Tt« 
an  oshiotic  pres^'^ure  that  is  exactly  eqvial  to  the  ga.s-pressiirp  exertetl  "oy  a 
gtiA  molecule  moving  in  the  same  sj>a<-e  aiul  at  the  same  temiierature,  we 
are  justifiietl  in  saying  that  the  osmotic  prex-^ure  of  a  grani-tiiolecuiar  nolu- 
tion  of  cane-sugar,  or  of  any  other  substance  that  is  not  an  electro!\-te,  w 
equal  to  thegas-pressure  of  2  gms.  of  H  when  compressed  to  the  volume 
of  1  liter.  Tnis  fact  gives  a  means  of  calculating  the  osnvotir  pressure  of 
solutions  in  certain  ca.«es  according  to  the  following  method: 

Calculation  of  the  Osmotic  Pressure  of  Solution!. — To  illustmte  thin 
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ruptljod  we  may  tnkr  a  «imple  problpm  such  as  the  cletonnination  of  ciw 
osmotic  pressure  of  a  1  per  cent,  solution  of  cane-sugar.  One  gin.  of  ! I  at 
atmospheric  pressure  occupies  a  volume  of  11.16  liters;  2  pus.  of  H,  there- 
fore, xmder  the  .same  conditions  will  ocrupv  a  volmne  of  22.32  liters.  A 
ijrain-njoleciile  of  II — that  it*,  2  pins,  of  H — when  brought  to  the  volume 
of  1  Hler  will  exert  u  (fas-pressure  equal  to  that  of  22.32  liters  compreaBed 
to  1  liter — that  is,  a  pressure  of  22.32  atmospheres.  A  grani-moleoular  9olu- 
tiiin  of  cane-sugar,  .>since  it  contains  the  same  number  of  molecules  in  a  liter, 
must  therefore  e.xert  an  osmotic  pressure  equal  to  22.32  atmospheres.  A 
I  j>er  rent,  solution  of  cane-sugar  contains,  however,  only  10  gms.  of  sugar 
to  a  liter;  heuce  the  oaaiotic  pressure  of  the  sugar  in  such  a  solution  wiD 
be  '*^  of  22.32  atmo-spheres,  or  O.W  of  an  atmosphere,  which  in  terms  of 
a  column  of  mercurj-  give-><  70(1  v  o.fi5  =  494  nuns.  This  figure  expresses 
the  osmotic  pressure  of  n  1  fwr  cent,  solution  of  cane-sugar  when  dialysed 
against  pure  water  tlimugh  a  n)cml>ranc  impermeable  to  the  sugar  molecules. 
In  siUcli  an  ex]jerinient  water  would  pass  to  tlie  sugar  side  luilil  the  hydro- 
static pressure  on  this  side  wa-s  increased  by  an  amount  equal  to  the  pivsi- 
sure  of  a  column  of  mercury-  494  mms.  high.  Certain  additional  calculati 
that  it  Ls  necessary  to  make  for  the  temperature  of  the  .solution  nee<l  not 
sf>ecified  in  this  connection.  If,  however,  we  wish  to  applj'  this  method 
to  the  calculation  of  the  osmotic  i>re.s.sure  of  a  given  solution  of  an  electrf.i- 
lyte,  it  is  necessary  first  to  iisccrlam  the  degree  of  dii<sociatiou  of  the  electrtv 
lyte  into  its  ions,  since,  as  was  said  above,  dissociation  increases  the  num- 
l>er  of  parts  in  solution  and  to  the  same  extent  increases  osmotic  pressure. 
In  the  bwly  the  liquids  tliat  concern  us  contain  a  variety  of  substances  in 
sohition,  etectroh'tes  as  well  ils  non-electrolytes.  In  order,  therefore,  to 
calculate  the  osmotic  pressure  <jf  such  complex  solutions  it  is  necessar)-  (o 
asiertain  the  amount  of  each  huhstunee  prejent,  and,  in  the  ca**  of  electrt»- 
lyte'i.  tlie  degree  of  dissociation.  I  mler  exjierimental  conditions  such  a 
calculation  is  pra<tically  im}K>.s.sible,  and  rejourse  must  !«  had  to  <itli»'r 
njethrxls.  <  hje  of  tlie  sinijjlest  and  mi»st  eu-sily  applioti  of  the»«  metluxla 
Is  the  dctenninali'in  of  the  freezing  point  of  liie  solution. 

Determination  of  Osmotic  Pressure  by  Means  of  the  Freezing  Point. 
— This  method  de|iends  u|x>n  the  fact  that  the  freezing  point  of  water  is  low- 
erc<l  by  su)>stances  in  solution,  and  it  has  lieen  di.scovered  that  the  amount 
of  lo\serinp  is  prnjMirtional  to  the  nmnlicr  of  parts  (moleculen  and  ionO 
present  in  the  .solution.  Since  the  osnmtic  pressure  Lh  also  proportional  to 
tlie  munl>er  of  parts  in  .sohition,  it  i.s  convenient  to  take  the  lowering  of  the 
freezing  |>i»int  of  a  solution  as  an  index  or  measure  of  it*i  osmotic  f>re!v.ufe. 
In  practice  u  simple  api>arntus  (liet-kmann's  apparatus)  is  used,  cunsi.stinit 
i^aaentially  of  a  veni'  delicate  and  a(iju.stable  differential  thennometer.  Hy 
means  of  this  instrument  the  freezing  iHuht  of  pure  water  is  first  ascertained 
upon  t!ie  empiricnl  si-ale  of  the  thennometer.  The  freezing  point  of  the 
solutioet  nruJer  examination  i.s,  then  determined,  and  the  number  of  degm» 
or  fractions  of  a  degree  by  which  it.-*  freezing  point  is  lower  than  that  of  pure 
water  is  noted.  Tlie  lowering  of  the  frcering  point  in  d^recs  centigrade 
is  expre.H.sed  usually  by  tlie  .-nnlxil  A-  ^or  example,  mammalian  blixul- 
serum  gives  l\  =  O.^fi"  C.  A  0.9.5  |ier  cent,  solution  of  NaCI  gives  the  ^utnc 
i^  ;  hence  the  two  solutions  exert  the  some  o.smotic  pressure,  or,  to  put  it  in 
anotlier  way,  a  ti.9ti  lier  tent,  sohition  of  NaCl  is  isotonic  ori.sosmotic  «illt 
mammalian  serum.  The  ^  of  an.v  given  .solution  nmy  be  expressed  in  tenn- 
of  a  gram-molectilar  solution  by  dividing  it  by  the  constant  1.87,  since  a 
gram-molecular  solution  of  a  non-electroljle  is  known  to  lower  the  freering 
point  1.87"  C.     Tims,  if  b!no<l-senun  gives  A^  =  0.56"  C,  its  coucentratinti  in 

tenns  of  a  gram-mnlecular  solution  will  lie    -^^,  or  0.3.     In  other  word* 

blood-serum  has  U.^  of  the  osmotic  pressure  exerte<l  by  a  gnun-molecula 
solmion  of  a  non-electrolyte, — that  is,  22.32  X  0.3,  or  «V.69t)  atmosphere^ 

Remarks  upon  the  Application  of  the  Foregoing  Facts  in  Physiol] 
pgy. —  In  tlio  Ixidy  wjitcr  and  .substances  in  .solution  are  continually    r"*^" 
ing  through  njcndjrano. — for  e.xample,  in  the  production  of  lymphi  in  ll 
ali-nrptiiin  of  water  anil  digested  foodstuffs  from  the  alimentaii'  canal 
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mitritivr-  «>\clinncns  botwi'iTi  tlio  tissiir  clemeiils  .irnl  ihi-  IjUmkI  or  lymph, 
in  the  prixluotion  of  tlie  %'arious  seeretions,  aiid  so  on.  In  fliesc  rases  it  is  a 
matter  of  the  preidest  rliHx-ulty  lo  Rive  a  satisfiictory  explanation  of  the 
forces  controUtiiiK  the  flow  to  luu!  fro  of  the  ■wiiter  atul  dissolveii  substances, 
but  there  can  be  little  doubt  that  in  all  of  tfiem  the  jihysical  fcir<^H  of  fil- 
tration,  difTusion,  and  osmosis  take  an  important  port.  Whatever  can  Iw  M 
learned,  therefore,  poiirenring  these  proces.sii>t  inu.st  tn  the  en<l  have  an  ini-  ^ 
portant  IjearinR  upon  the  explanation  of  the  nutritive  exchanpe.s  between 
the  bloo<l  and  tissues.  Some  additional  facts  may  Ije  iiieiitioiied  to  imliralc 
the  applications  that  are  made  of  these  pro<'eH.«es  in  exphtining  phyRialopical 
phcnoiirena. 

Osmotic  Pressure  of  Proteins. — The  osmotic  pressure  exerted  by  crys- 
talloids, such  a8  the  onlinurv  soluble  .salts,  is,  as  we  have  seen,  very  con- 
siilerable,  but  the  ready  ihtlu.si1>iiit,v  of  mo*it  of  these  salts  through  anintiil 
membranes  limiU?  very  materially  their  influence  upon  the  flow  of  water  in 
the  body.  Thus,  if  we  should  inject  a  strong  solution  of  common  sjdt  directly 
mto  tlie  blood-ves,selji,  the  first  effect  would  Ins  the  .setting  tij>  of  an  osmotic 
streaiu  from  the  tissues  to  the  blood  and  the  production  of  a  condition  of 
hydremic  plethora  within  the  blootl-veiwels.  The  salt,  however,  would  sitou 
dltTu.-«  out  int<)  the  ti.s^ues,  atul  Uy  the  degree  that  tliis  occurred  its  effect  iu 
diluting  the  blood  would  tend  to  diintnish  Ijecause  the  part  of  the  salt  that 
got  into  the  extravascular  lymph  spaces  would  now  exert  an  o.smotic  pres.s- 
ure  in  the  opposite  direction,  drawing  water  from  the  blood.  This  fact, 
together  with  the  further  fact  that  an  excess  of  salts  iu  the  bocSy  is  sofm  re- 
mo\'ed  by  the  excretory  organs,  gi^'es  to  such  substances  a  .smaller  influent'* 
in  directing  the  water  .stream  than  woulil  at  first  l»e  su|)j>(),se<l  when  tbe  intcii- 
-sity  of  their  osmotic  action  is  considered.  In  addition  to  the  cry-staUoid.-!.  the 
liquids  of  our  bodic;  contain  also  a  certain  anioiint  nf  protein,  the  blood, 
cs|K''ciaIiy,  containing  over  6  |H?r  cent,  of  this  fiuhMiiiicc.  It  hafl  been  gen- 
onilly  assumed  that  proteins  in  solution  exert  little  or  no  osmotic  pressure, 
but  Starling  *  and  others  have  claimed,  on  the  cimtraiy.  that  they  exert  a 
distinct,  although  small,  osmotic  pressure,  and  it  i.s  possible  that  this  fact 
is  of  .njH'cial  inifKirtancc  in  absorption.  Ijccauw  the  proteins  do  not  diffuse 
or  diffuse  with  gr<'at  <liff)rulty,  and  tlicir  effect  n^main."!,  therefore,  so  to 
MjptAk,  aa  a  permanent  factor  According  to  .Starling,  the  osnu)tic  prcsure 
exertad  by  the  proteins  of  scrum  is  c><iual  lo  about  '.iO  trnus.  of  mercury.  That 
the  osmotic  pnjssurc  r>f  the  wrum  proteins  is  so  small  is  unt  siirjirising  if  we 
remember  the  very  high  mc»h'cular  weight  of  this  substance.  In  scrum  the 
proteins  an*  present  in  a  concentration  of  about  7  per  cent.,  but  owing  to 
their  large  nioleculnr  weiglit  com()araiivcly  few  protcm  mofcculcs  arc  present 
in  a  sohition  of  this  concentration  ;  an<l.  assuming  that  the  tiissolved  protein 
follows  the  laws  discovered  for  crystalloids,  its  osmotic  presHurc  would  de[)eniJ 
upon  the  number  of  molecuh»s  in  solution,  Ry  means  of  this  weak  hut  con- 
stant osmotic  pressure  of  the  indiffusible  protein  it  is  ]io«!ible  to  explain 
theoretically  the  fact  that  an  isotonic  or  even  a  livpcrtonic  solution  of  iliffusi- 
blp  crys44t]loi<l  may  be  complet4"ly  «bsorl>ed  by  the  blooti  from  the  peritoneiil 
cavity.  Reid  t  ha-*  publishe<l  experiments  which  indieiUe  that  pure  jirotetns 
exert  no  osmotic  pres.Mure  ;  that  a-s  they  oc-ciir  in  the  btwly  liquids  they  an- 
combined  or  inixtnl  with  certain  substances  to  wfuch  the  feeble  osmotic  pres- 
sure formerly  attributed  ti>  the  proteins  really  belongs.  Since  these  unknown 
substances  arc  the!mselvcs  inrliffusible.  the  arguments  just  ustnl  still  hold  for 
tlie  conditions  in  the  body.  It  seems  probable,  however,  that  in  the  nietho<l 
used  by  Reid  to  purify  tfie  proteins  the  nature  of  these  substances  was 
altered,  the  state  of  aggregation  of  the  molecules,  for  example,  and  that,  there- 
fore, his  negative  result*  do  not  apply  to  the  proteins  as  they  exist  in  the 
blood. 

Isotonic,  Hypertonic^  and  Hypotonic  Solutions.— In  nhysiology  the 

osmotic  nrtevsures  exerted  by  various  solutions  are  compareil  usually  With 

that  of  the  blood-.sen:m.     In  this  sense  an  isotonic  or  isosmotic  solution  is, 

one  having  an  osmotic  pressure  eqtud  to  that  of  serum,  a  hypertonic  or  liy- 

•  "Journal  of  Physiologv,"  24,  317,  1S99. 

t  Heid,  "Journal  of  Physiology."  1905. 
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APPENDIX. 


I>f'rosmo(ip  Rolulion  is  one  wliosi'  osinolic  pressure  excec<is  tliat  of  soniin. 
and  a  hypotonir  or  hyposmotic  solution  is  one  whose  osmotic  pressure  ia 
leas  than  lluit  of  senim. 

Diffusion,  or  Dialysis,  of  Soluble  Constituents. — If  two  liquidii  of 
unequal  pfiufcntration  in  a  piven  constituent  are  separated  by  a  membraM 
entirely  fierrjieiiliie  to  the  ciis.>*olvef!  moierule»  of  tne  aubfttance,  a  irreater 
number  of  these  inoleciiles  will  pass  over  from  the  more  roni-eutmted  to  tte 
less  pfincentrateil  side,  and  in  time  the  composition  wul  Im?  the  same  on  the 
two  sides  nf  the  memhraiie.  DifTiitiion  of  soluble  constituents  continually 
takes  place,  therefore,  from  tlie  points  of  (jreater  concentration  to  those  of 
less,  and  this  may  happen  quite  independently  of  the  direction  of  the  ownotic 
stream  of  water.  If,  for  infitancr,  a  D.y  per  cent,  (solution  of  sodium  rhlorid 
is  injeciwl  into  the  |«!ritojn-ii!  crivity.  it  will  vnler  into  difTtision  rplations 
wifli  the  bicKxJ  in  the  blo(j<i-\'esscU;  ha  concentration  in  sodium  clilond 
being  greater  th.-ui  lliut  of  the  btoud,  the  excels  will  tend  to  pass  into  the 
blood,  while  smlium  carbonate,  uren,  augar,  and  other  soluble  crj'stalloidal 
hubstiuues  \iill  poM.*  from  the  (i1o<.mI  into  the  salt  ."olution  in  the  yientoneal 
cavity,  'riiroupn  the  action  of  this  jtrocesa  of  diffusion  we  can  imdenitand 
how  certain  constituents  of  the  blood  may  pasa  to  the  tissues  of  various  elands 
in  amount^s  greater  thun  Ci«Ji  lie  explaiuetl  if  we  suppose<l  that  the  lymph 
of  tl>e*ie  tissues  is  deriveil  .solely  by  filtration  from  the  blood-planna.  An- 
other iiiiporiuut  conccjjtiou  in  this  connection  is  the  possibility  that  the 
tapillarj'  widis  may  l)e  i)eniienlile  in  dilTerent  degrees  to  the  varinus  soluble 
const itueiit.H  of  the  bkHxi,  and  furlhemione  the  possibility  that  the  permea- 
bility of  the  capillary  walls  may  vary  in  different  organs.  With  rPKard  to 
the  first  passibflity  it  ha.s  l)ecii  .shown  ttiat  the  blocwi  capillaries  are  more 
permeable  to  the  urea  molecules  than  to  sugar  or  NaCl.  AN'ith  tbe  aid  o; 
the^  fact^s  it  is  possible  to  e.\plain  in  large  mea.sure  the  transportation  ol 
material  from  the  biiKxl  to  the  ti.sMue?<,  and  vice  irrtia.  For  example,  to  follow 
a  tine  of  reasotiiiig  used  by  Koth,  we  may  snppose  that  the  functional  acti^'itj' 
of  the  tis.>sue  elements  is  attended  by  a  consumption  of  material  which  in 
turn  is  made  good  bv  the  *li.s,solved  molecules  in  the  tiasue  l>'mph.  The 
concentration  of  the  latter  is  thereby  lowered,  and  m  consequence  a  diffu- 
sion stream  of  these  substances  ia  .set  up  with  the  more  concentrated  blood. 
In  this  way,  by  diffvision,  a  coiwtant  •■supply  of  dissolved  material  is  kept 
in  njotiou  from  the  bItHxl  to  the  tissue  elements.  t)n  the  other  hand,  tne 
functional  activity  of  the  tissue  elements  is  accompanied  by  a  breaking  dowa 
af  the  complex  prf)te)n  molecule,  with  the  formation  of  simpler,  more  stable 
molecules  of  crj-stalloid  cluinicter,  such  as  the  Bulpliates,  phosphates,  and 
urea  or  sonw  precur.'ior  of  urea.  Ab  these  bodies  pass  into  the  ti>«uc  lymph 
they  tend  to  incrca.st>  its  concentration,  and  thus  by  the  greater  oonotk 
pressure  (ievelofK-'d  they  serve  to  attract  water  from  the  blood  to  the  lymph, 
forming  one  efficient  factor  in  the  production  of  lymjih.  On  the  other  hand, 
as  these  substances  'accumulate  in  tlie  tymph  to  a  concentrution  greater  than 
that  possessed  by  the  same  aubstaiiccs  in  the  bUx>d,  tliey  will  ditfuse  toward 
the  blood.  By  "this  mcnn.s  the  waste  product*  of  activity  are  drawn  off  to 
the  blood,  from  which,  in  turn,  they  are  removed  by  the  action  of  the  excretory 
organs. 

Diffusion  of  Proteins, —This  simple  explanation  on  purely  physjcal 
grounds  of  the  flow  of  material  between  the  blood  and  the  tissues  cut  only 
be  applied,  however,  at  present  to  tlie  diffusible  crj-Rtalloids,  such  as  ttie 
salts,  urea,  and  sugar.  The  proteins  of  the  blood,  which  are  Buppoeed  to 
be  BO  important  for  the  nutrition  of  the  tissues,  are  practically  incuffusible, 
so  far  as  we  know.  It  is  difficult  to  explain  their  pa-ssa^  from  the  blood 
through  the  capillary  walla  into  the  lymph.  Provisionally  it  may  be  assumed 
that  this  passage  is'due  to  filtration.  The  blooti-plasma  in  the  capillaries  ia 
under  a  slightly  higher  pre.ssure  than  the  lymph  of  the  tissues,  and  triis  higher 
pre-ssure  temls  to  sfjjUCf'W  the  blood  constituents,  including  the  protein,  through 
the  capilhiry  walls.  This  explanation,  however,  cannot  be  said  to  be  satis- 
factory ;  and  in  thi.s  respect  the  purely  physical  theory  of  lymph  formation 
waits  upon  a  clearer  VnoixXe^V^e,  cA  VW  ■na.t.urc  of  the  nutritive  proteins  and 
their  relations  io  tUe  cap\\\&T^  ■wvi\  Veea^Y^'^^i'V-  '>Sfli>» 
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p%Tr<iliiiin-<'art)uxvlie,  986 

Absolute  power  of  nuisele,  38 
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taurocholic,  801 

in  krge  inlestine,  793 

Acidosis,  897 

in  aniall  intestine,  787 

Aeromenaly,  865 

in  stomarh,  772 

Action  current,  diphasic,  104 

of  carbohydrates,  789 

in  heart,  3;i3 

of  fHts,  790 

in  nHiscIc,  lOIJ 

of  protiina,  791 

in  nen-e,  103 

spectra  of  hemoglobin,  423 

in  retina,  331 

A-c  inter\'al  (heart),  5^2 

muDopha«ic,  104 

Acapnia.  693,  698 

relation  of,  to  contraction  wave, 

Accelerator  center  for  heart,  587 

107 

nen'ps,  effect  of,  on  heart  rate,  589 

to  nerve  impulse,  107 

of  heart,  583 

Activation  of  lipase,  786 

reflex  stimulation  of,  585 

of  trypsin,  779 

Accessory  thyroidiH,  851 

Activators,  737 

Accommodation  in  eye,  tiniita  of^  310 

Adamkiewicz's  reaction  for  proleina, 

mechanijim  of,  307 

989 

reflex,  320 

Addmn's  diseafie,  858 

Acetone  bofiies,  Sfl6 

Adentae,  738,  835 

Achromatic    series    of    visual    seosa- 

Adenin  64,  834 

Adrenal  bodies,  functiona  of,  861 

tiona,  34:^ 

\T«ion,  351 

Adrenalin,  868,  859 

Achrowle.vtrin,  754 

Aerial  perspective,  370 

Acid  albumin  in  Kaatric  digestion,  768 

A&rotonoraeter,  668 

aceto-Hcetic,  896 

Afferent  fibers  in  cnuiial  ner\'e«,  84 

amimvncetic,  781,  986 

posit ii>n  of,  in  pfwterior  roots,  83 

aminotaproic,  781,  986 

nerve  filnrM,  HO 

aminoKlntiiric,  986 

After-imaRi-a  in  eve,  346 

amino-oxypropionicr,  986 

Agnosia,  20:1.  220 

aminopropionic,  986 

Agraphia,  219 

aminosupcinic,  782,  986 

Air,  eflFect   of  varifttions  in,  on  res- 

aminothioluclic, 986 

pirations,  696 

aminovaleriiinic,  781,  986 

Alanin.  781,  9S6 

cholie.  SOI 

Albumin,  properties  of,  990  (see  also 

conjunalcd  sulpliuric,  795,  838 

ProUin) 

diaminoeuproie,  986 

A1huminoid»,  nutritive  value  of,  885 

diaminotrioxydodeeoic,  986 

Albumon,  445 

glutaniinic,  782 

Alcohol  as  foofi,  907 

glycochoUc,  801 

efTecl  of,  on  RaHtric  ah«orption,  773 

glyeuronic,  889 

phy«iokmtcal  action  of,  906 

Kuanidinaminovalerianic,  986 
lippurir,  S.'i8 

use  of,  in  diabetes,  909 

Alexia,  219 

lactic,  63 

Alexins,  417 

oxalic,  890 

Alimentary  canal,  nioveiuents  of,  703 

oxybut>Tie,  S96 

glycosuria,  7S9 

0 x>ph en yl aminopropionic,  986 

[iriuciplfji  of  fo«id,  727 

ox>'proteic,  830 

Altitude,  eflect  of,  on  red  corjiiuclfS, 

pbenylaroinopropionic,  986 
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^^^^H       salt^,  relation  of,  to  urea,  831 
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from  sacral  coni,  2.53 
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253 

^^1                  to  nerve,  88 
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of,  248 
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effect  of  occludine  bile-ducts,  807         1 
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Binocular  \'ision,  value  of,  in    judg- 
mt-nls  of  diMlance,  .'174 
of  .sizi",  374 
BioloKii'ul  reaction.  4Ui 
Births,  ratio  of  male  ami  female,  977 
Biuret  reaction  for  proteins,  980 
Bladder,  urinary,  movement  a  of,  S4l 
fliihincter  of,  S4l 

gall-,  movements  of,  (<U5 
Bluiii  snot  in  eye,  331 
Blood,  hlooci-plates  of,  phy8tolog>'  of, 
43(i 

circulation  of  (see  CirculcUion} 

coagulation  of,  44.5 

condition  of  carbon  dioxid  in,  671 
of  nitrogen  in,  669 

curve  of  uiKKxiation  of  oxyhemo- 
globin, 670 

defibrinattHl,  409 

gOHes  of,  tUVi 

general  nroperties  of,  408 

Dcmoglohin  in,  412 
amount,  418 
nature,  418 

hemolysis  of  red  corpuscles,  413 

histological  structure  of,  4(^ 

]ctikocyt«8  of,  433 

nucleoprotein  in,  44.i 

osmotic  pressure  of,  414 

proteins  of,  439,  441 

reaction  of,  40f) 

red  eorpaseley  of,  412 
fate  of,  429 
origin  of,  429 

regeoeration  of,  after  hemorrhage, 
459 

specific  gravity  of,  411 

total  quantity  of,  4.58 

transfusion  of.  460 
Blo<Kl-pl:wma,  composition  of,  439 
Bl<j<Kl-i)lates,  proj»erties  of,  436 
Blood-preasure,  479 

diastolic,  483 

effect  of  menstruation  upon,  051 

in  brain,  61il,  622 

in  capillaries,  4S9 

in  man,  490,  495 

mean,  483 

relation  of,  to  heart -rate,  589 

re«pirator>'  waves  of,  654 

^stolic,  483 

Traube-Hering  waves  of,  60S 

venou.s  and  (•apillar\',  497 
Blood-serum,  409,  440 
Body  ct^uilibrium  in  nutrition,  874 

aense  area,  2tH 

temperature  in  man,  92,'j 
Bowman's    theory  of    urinarv   secre- 
tion, 820 
Brachium  conjunctivuin,  2.3^3 

pontis,  235 
Brain,  association  areas  of,  221 


Brain,  auditory*  center  in,  210 

renter  for  oifm-iion,  214 
for  laiite,  216 

renters  affected  in  aj)hQiiia,  217,  221 

development  of  cortical  arena,  224 

effect  of  variations  in  arterial  pres- 
sure upon,  621,  622 

histological    differentiation   of  cor- 
tex of,  227 

intraerunial  pressure  in,  620 

localization  of  function  in,  I!tl 

motor  aresLS  of,   194 

rcKiilation  of  circulation  in,  616 

aennory  areas  of,  2(Xt 

viiacular  su]>ply  of,  616 
Brightness  in  visual  sensations,  341 
Bronchi,  capacity  of,  t>47 

«x>n9tririor  and  dilator  fil>iLTs  of,  094 
Buffy  coat  of  bloofl,  446 
BullMDsipiral  filnrs  of  heart,  527 


Caffein,  905 

Caisson  disease,  697 

Calcarine  fissiue.  relation  of,  to  vision, 

206 
Catcitmi,  amount  of,  in  cataract,  904 
rigor,  55 

halls,  effect  of,  on  heart,  561 
in  ciudling  of  railk,  770 
nutritive  value  of,  1K32 
secretion  of,  in  milk,  464 
Calorie,  definition  of,  927 
Calorimeters,  varieties  of,  927 
Calorimetric  equivalent,  929 

measurements,  932 
Calorimetry,  indinn-t,  931 

jirinciplcH  of,  927 
Cannula,  washout,  481 
Capillary  blood-pressure,  489 

electrometer,  eonalruction  of,  99 
Carbohenioglobin.  421 
Carbohydrates,  aosorplion  of,  789 
as  glycogen  formers,  .809 
as  source  of  body  fat,  899 
fermentation  of,  ui  intestine,  794 
general  fmiction.i  of,  893 
metabolism  of,  in  body,  889 
of  muscle,  62 

regulation  of  supply  of,  890 
supply  of,  in  boay,  88S 
Carbon  dioxid,  action  on  respiratory 
center,  6«9 
condition  of,  in  bltjod,  671 
effect  of,  in  inspired  air,  689,  697 
on    disso<'iation    of    oxyhemo- 
globin, 670 
on  respiratoni'  movementa,  689 
excretion  of,  through  skin,  849 
in  balance  expt^riments,  874 
in  saliva,  743 
production  of,  in  muscle,  65 
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Cubon  dknid,  tennon  of,  in  ahradar 
air,  678 
in  artoul  blood,  674 
in  UflBues,  676 
in  venous  blood,  674 

equilibrium,  874 

monoxid  bemodoiun,  421 
Can^ao  oyde,  5w 

l^ands  of  atomadi,  7IS6 

muiide,  properties  of,  67,  664 

nerves  (see  Heart) 

sphincter,  707 
Cundiomtun,  537 
Cardio-mhibitory  center,  678 
Camin,  64 
Casein,  770.  064 
Catalase,  732,  739 
Catalysis,  732 

CatdectrofaMUc  ouirents,  106 
CatelectrotonuB,  88 
Cathode  as  stimulus,  88 

physical  and  physiolotpcal,  04 
Coiteis  in  oerdbrum  (see  Cerdmun) 
Central  field  of  visioa,  336 
Centrosome,  063 

Cerebellum,  ending  of  sjwud  tivcts 
in,  173,  234 

expmmental  woric  upcm.  236 

general  functions  of ^  230 

localisation  of  function  in,  241 

paths  ctmnecting  with  other  parts 
of  brain.  233 

psychical  tunctions  of,  241 

structure  of,  231 
Cerpbrin,  80 
Cerebro^alactosides,  80 
Ccrcbrosides,  80 
Cerebrospinal  liquid,  618 
Cerebrum,  association  areas  of,  221 

center  for  hearing,  210 
for  olfaction,  214 
for  vision,  205 

centers  affected  in  aphasia,  217 

commissural  system  of  fibers  in,  187 

development  of  cortical  areas  in, 
224 

n'neral  phvsiolofo'  of,  183 

hifltological  differentiation  of  cor- 
tex, 227 

histology  (rf  cortex.  184 

localisation  of  function  in,  191 

motor  areas  of,  194 

pn>jertion  R\'8t«m  of  fibere  in,  186 

nwults  of  ablation  of,  ISO 

wntion,-  areas  of,  200 

system  of  fibcn*  in,  18fi 

VitM>motor  mipply  of,  623 
Cerumen,  H4» 
Chemieal  heat  regulations,  936 

sKvn'tion,  gaxtno,  7ti5 
panen'atir,  779 
Chemotaxis,  127 


Gholic  acid, 
Quilin,  79 
Ghonla  t;irm 
Qmmiatic  i 
visual  sen 


136 

ChrooMqxoti 

Ckaonumoau 

Cbroootn^n 

Chyle  fat,  7 

Ch^mosin,  't 

Oliaiy  muB 

moda 

nerves  1 

Collated  ei»< 

Circulating 

Circulation, 

as  seen  ui 

curve  shoi 

488 
dataoanoi 
496 


diastole  m 

effect  of  ai 

869 

of  heart 

upon, 

explanatio 

of  veloc 

presBi 

factors    (M 

velocity 

form  of  p' 

g^ieral  cu 

statcme 

479 

hydrostati 

importanc 

503 

in  brain,  I 

in  kidneyi 

mcanii  of 

aur 

veloci 

pressure  i 

in  pulni 

pulse  pree 

rcgulaticm 

respirator 

systole  an 

systolic,  (i 

H 

veil 

time  reoui 

Traubc^Hi 

in.  608 
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velocity  in  coronary  sys- 
549 
in  mim,  475 

in  pulmonary  syHt^m,  509 
of  piilsc  wave,  513 

rkp's  column,  165 

Claudication,  Intennittcnt,  34 
Clotting  (ace  Coaffidntiim) 
Coagulation,  blood,  445 
intravasK'ular,  454 
means  of  hastening  and  retarding, 

455 
theories  of,  446 
Cocain,  action  of,  on  iria,  322 
Coehlna,  function.-*  of,  '.VA\. 

aenjMirv  epithelium  of,  3S5 
Coefficient,  abaorption,  666 

temp«Tature,  116 
Coferment,  737 
Cold  auotti  on  akin,  275 
Color  blindncas,  348 
contraiits,  347 
fusion,  344 
saturation,  344 
sense  of  retina,  351 
virion,  thcoricH  of,  354 
Combustion  equivalents  of  foods,  917 
Comma  tract  of  Schultze,  IHI 
Committural  system  of  fibers  (cere- 
brum), 187 
Common  sensations,  267 
Compensatory  pause  in  heart   beat, 

566 
Complemental  air,  646 
Comptementarv  colctrs,  H45 
Compound  muscular  rontractiona,  41 
Condiinentw,  72*J,  905 
Conduction  as  physiological  property, 
76 
direction  of,  in  nerve  fibers,  115 
Conjugate  foci.  301 
Conjugated  sulphates,  838 
Contraction,  17,  33.     See  also  Muj<rlr. 
Contralateral  conduction  in  cord,  177 
Convoluleti    tubules  of  kidnev,   SIS, 

823 
Core-model  of  ner\'e.  109 
Coronary  arteries,  effect  of  occlusion 
of,  553 
vasomotor  supply  of,  614 
Corpora  ouadrigemnm,  relation  of,  to 
visual  apparatus,  itKi,  209 
striata,  funclioa-j  of,  229 
Corpus  callosmn,  structure  and  func^ 
tion,  22S 
luteum,  W5 
trafjezoidcum,  213 
Corrps|Min(ttng  tH)intH  of  retina,  Stiil 
Cortex   of   cerel>nim,    general    physi- 
ology of,  187 
histology  of.  184,  227 
Corti,  rods  of,  385 


Costal  respiration,  642 
Cowper's  glands,  967 
Cranial  nerves,  afferent  fibers  in,  84 
effercrnt  fibers  of,  84 
nuclei  of  origin  of,  243 
Cranio-scopv,  191 
Creatin.  64",  836 
Creatinin,  t>4,  k;16 
Creaol-sulphuric  acid,  795,  838 
Cretinism,  852 

Crystalline  lens,  calcium  of,  in  catar- 
act, 904 
Cur\'e,  contraction,  of  artificial  mus- 
cle, 74 
of  arterial  pulse,  516,  519 
of  plain  muscle,  ."ift 
of  Mkclrlal  niuscle,  26 
dissociation  of  oxyhemojglobin,  670 
extensibility  and  elasticity  of  mus- 
cle, 20 
g;a8tric  secretion,  76;j 
m  tensity  of  sleep,  257 
pancreatic  secretion,  777 
pressures  in  vascular  aystem,  484, 

487,  488 
relations  of  heart  sounds,  544,  545 
respiratory  movementa.  644 
secretion  of  bile,  80*} 
systolic,  diastolic,  and  mean  blood- 

f>reasure8,  4h;J 
ocity  of  blood-flow,  476 
venous  pulse,  521 
visual  acuity  of  retina,  338 
work  of  muscle,  39 
Cveloplegia,  322 
Cystin,  802,  986 
Cystinuria,  802 


Dead  space  of  lungs,  647 
Deamidiiing  enzymes,  736 
Death  rigor,  chemical  changes  during, 
69 
in  muscle,  52 

theories  of,  981 
Deep  reflexes,  161 

sensibility,  273,  282,  284 
Defecation,  721 

Dr'gcnerRtion  in  nerve  fibers,  126 
D.*|!;lutition,  703 

rien'ou-s  crmtrol  of,  707 
Deiter's  coUs  in  cochlea,  385 

nucleus,  212,  233 
Demarcation    current,    muscle,    and 

nerve,  96 
D(>milunes  of  salivary  glands,  742 
Depressor  nerve  fibers,  ti03 

of  heart,  <)06 
Derivnl  proteins,  993 
Dtt^cending   paths,   spinal   cord,    179, 

181 
Dcut«^nopia,  349 
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Deiitoro-aU)urno»Ps,  768 

D<-  \'tws'  theory  of  mutation,  974 

Diabetes,  X90 

iiicllitus,  801 

pancmilif,  S91 

phloridzin,  8W2 

use  of  alcohn!  in,  IKW 
Dialysis,  definition  of,  998 
Diaminotrioxydodpnuit'  iic'u],  986 
Diaphragm,  action  of,  6:)K 
Diaphragmatic  rcspirutioti,  638 
Diastase,  73r> 

discovery  of,  I'M 
Diastasis  of  hoart,  541 
Diastole,  duration  of,  in  heart,  547 
Diastolic  arterial  preHsure,  483 

tnrlhod     of     deit'miiniiig,     in 

animald,  485 
method     of    determining,     in 
man,  491 
Dicrotic  pulse  wave,  517 
Diet,  accessor*'  arliclps  of,  729,  905 

average  daily,  919,  920 

effect  of  reduction  of  salta  in,  902 
Dietetics,  genenil  principles  of,  919 
Diffusion  circles  on  retina,  307 

(tefinilion  of,  fWJ 
Digi'atiori  in  large  intestine,  793 

in  ismull  intestine,  775 

in  stomach,  771 
Diopter,  definition  of,  311 
Dioptrics  of  eye,  300 
Diplopia,  364,  367 
Direct  field  of  vision,  oye,  335 
Discord,  j>hvsiologicai  explanation  of, 

395 
Dissociation  of  oxyhemoglobin,  670 
Diuretics,  action  of,  825 
Dominant  characteristics  in  heredity, 

975 
Dromograph,  474 
Dromotropic    nerve    fibers    to    heart, 

577 
Duct  of  Bartholin,  740 

o(  Rivinua,  740 

of  SteiiKt)n,  740 

of  Wharton,  740 

of  Wirsung,  775 
Dyspnea,  641,  691 
Dyspraxia.  229 


Ear,    effect    of   section    of    auditory 
nerves,  401 
of    stimulation    of    semicircular 
canals,  400 
EuBtachaun  tube  of,  3H4 
F!oun>nH'     experinieiita    on     Bcmi- 

circular  ranalK,  398 
fuiictiima  in  analyzing  aound  waves, 
:i91i 
of  coch\ca,  S^l 


Ear,  functions  of  ear-boncB,  380 
of  sacciilud,  405 
of  utriculuM,  405 

intrinsic  mu.scles  of,  383 

limits  of  hearing,  395 

poeition  of  bonea  in,  380 

projection   of  auditory  snuati 
384 

semicircular  canals  of,  397 

sensations  of  discord,  395 
of  harmony,  395 

Bcnsorv  epithelium  in  cochlea,  3^ 

structure  of,  3H6,  392 
bone*  of,  380 

theorii'.s  of  functions  of  sMnicirrular 
canals  of,  401 

tympfuiic  membrane  of,  379 
Eck  fistula,  8.31 
i  Efferent  ner^'e  fibt^rs,  SO 

occurrence  in  onteiior  rooU,1 
in  cranial  norvos,  84 
Ejaculation  of  spermatic  liquid,  971 
Elasticity  and  extensibility  of  muoclo, 

20 
Electrical  change«i  in  heart,  33d>  (M 

in  muscle  and  nerve,  96 

with  respiratory  movemeotfl.  083 
Elect  rocariliogram.s,  .5Ji4 
Elect  ro<ie8,  non-polariiable,  101 

stimulating,  87 
Electrolytefi,    effect    of,    on    usmolic 

fireswure,  995 
Elcctrotonic  currents,  108 
Electrotonus,  88 

Eleventh  cranial  nerve,  nucleus  of.  247 
Embryo,  nutrition  of,  958 
Endogenous  fibers  of  spinal  cord,  171 
Energj'  of  muscular  contraction,  36 
Enterokinaae,  779,  786 
Kntoptic  jihenomena,  300 
I^nz\^ucw,  adenase,  738,  836 

amylas<»,  784 

arginase,  832 

chemistry  of,  739 

cLuttsificatioQ  of,  735 

deainidizing,  736 

definition  of,  736 

endocnz>Tne8,  735 

enterokinaae,  779,  786 

ercpain,  783,  787 

exoenzymes,  735 

general  properties  of,  736 

glycolytic,  738,  870 

guanase,  738,  835 

historical  account  of,  730 

intracelluhir,  941 

inverting,  787 

UpoM?,  784 

nuclease,  73S 

of  muscle,  64 

Qiddases,  736,  938 
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Enzymes,  peroxidases,  941 

ptyalin,  753 

rennin,  769 

reversible  reactions  of,  732 

specificity  of,  734 

trypin,  780 
Epicntic  sensations,  274 

sensibility,  273 
Epigenesis,  972 
Epinephrin,  859 
Erection,  physiology  of,  969 
Erepsin,  787 
Ergograph,  47 
Erythroblasts,  431 

Erythrocytes.         See   Red  Mood-cor- 
puscles. 
Erythrodextrin,  754 
Eserin,  action  of,  on  iris,  322 
Ethereal  sulphates,  838 
Eupnea,  641 
Eustachian  tube,  384 
Evolution,  hypothesis  of,  in  heredity, 

972 
Exogenous  fibers  in  spinal  cord,  171 
Expiration.    See  also  Respiration. 

definition  of,  637 

expiratory  center,  685 

muscles  of,  640 
Expired  air,  composition  of,  658 

injurious  effects  of,  659 
Extensibility  of  muscle,  20 
Extensor  thrust  reflex,  159 
Eye,  abnormalities  in  refraction  of, 
313 

accommodation  in,  307 

action  of  drugs  upon,  322 

acuity  of  vision  in,  337 

after-images  in,  346 

as  opticfU  instrument,  300 

binocular  field  of  vision,  365 
perspective,  371 

chromatic  aberration  in,  312 

color  blindness  of,  348 
contrasts  in,  347 
vision  in,  343 

complementary  colors,  345 

corresponding  points  in,  365 

dark  adapted,  332,  340 

diffusion  circles  in,  307 

diplopia  in,  364,  367 

direct  field  of  vision  in,  335 

ent  optic  phenomena  in,  360 

far  point  of  distinct  vision,  311 

function  of  cones,  352 
of  rods,  352 

fundamental  color  sensations,  345 

horopter,  368 

indirect  field  of  vision  in,  335 

inversion  of  image  in,  305 

light  adapted,  332,  340 
reflex  in,  320 

movements  of,  362 


Eye,  muscular  insufficiency,  364 
nature  of  visual  stimuli,  332 
near  point  of  distinct  vision,  310 
nodal  point  of  j  304 
ophthalmoscopic    examination    of, 

325 
optical  defects  of,  312 

delusions,  375 
physics  of  formation  of  image  in, 

303 
qualities  of  visual  sensations,  343 
reduced  schematic  (Listing),  304 
refractive  power  of,  311 
size  of  retmal  images,  306 
spherical  aberration  in,  313 
stereoscopic  vision,  372 
strug^e  of  visual  fields,  369 
suppression  of  visual  images,  368 
theories  of  color  vision,  354 
threshold  stimulus  of,  339 
visual  field  of,  334 

judgments,  369 

purple  of,  332 
Eye-muscles,  action  of,  362 


Facial  nerve,  dilator  fibers  in,  608 

nucleus  of,  246 
Far  point  of  distinct  vision,  311 
Fat,  absorption  of,  790 

as  glycogen  former,  811 

digestion  of,  784 
m  stomach,  774 

excessive  formation  of,  in  obesity, 
899 

in  bile,  804 

metabolism  of,  in  body,  895 

mode  of  oxidation  of,  m  body,  896 

nutritive  value  of,  894 

of  chyle,  791 

origin  of,  from  carbohydrates,  898 
in  body,  898 

relation  of  Uver  to,  896 
Fatigue  in  nerve  fibers,  118 

muscular,  48 

of  olfactory  organs,  297 

theories  of,  69 

toxm,  70,  661 
Feces,  composition  of,  796 
Fermentation  in  intestine,  794 

of  carbohydrates  in  small  intestine, 
790 
FermentSj  historical  account  of,  730 
Fertpization  of  ovum,  955 
Fibrillary  contractions  of  heart,  ."ioS 
Fibrin  ferment,  preparation  of,  447 

relations  to  blood-clot,  445 
Fibrinogen  J  443 

preparation  of,  447 
Fictitious  meal  (Pawlow),  762 
Fifth  cranial  nerve,  246 
Fillet,  lateral,  213 
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Fillel,  median,  202 
Fistula,  Eck'8,  831 

gall-bladder,  798 

(jtomach,  759 

Thin'-Vella,  78« 
Flavont,  7*29 

dielarv,  importance  of,  905 
Flechmg  s  myplinization  mcthwl,  166 
Fluorid  aolulion,  effpet  (tn  rlol  l  ing,  466 
Food,  ctjmposilion  of,  729 

definition  of,  729 

potential  energy  of,  91.5 
Foodstuffs,  definition  of,  729 
Fourth  rranial  nerve,  nucleus  of,  245 
Fovea,  center  for,  in  occipital  cortex, 
209 

of  ri'tinii,  sijie  of,  336 
Fnmklin  theory  of  rolor  vinion,  35S 
Fref-zing-i>oint,  method   of   determin- 
ing, 996 
Fuiidic  glands  of  stomach,  756 
Fundus  of  stomach,  709 


Gall-bladder,  functions  of,  805 

ner\-e8  of,  .S06 
Gahanometer,  eonatruction  of,  97 
dWrsonval,  98 
BtTing,  100 
Gaaes,  lawH  governing  absorption  of, 
665 
of  blood,  662 
jjressure  of,  665 
tension  of,  in  solution,  667 
Gas-pump,  GGA 
Gastric  glands,  7.56 

histological  changes    in,    during 

secretion,  757 
secretory  nerves  of,  762 
secretion,  acid  of,  760 
chemicjil,  765 
composition  of,  758 
curve  of.  704 
means  of  obtaining,  758 
nervous,  7B5 

nonnal  mecluuiiam  of,  763 
Gelatin,  hinturv  of,  as  a  food,  886 

nutritive  vafue  of,  885 
Genes,  976 
Genital  organs,  vaaomotor  supply  of, 

628 
(lenotype,  976 

Germ  plasm,  definition  of,  981 
Glanw  penis,  sensibility  of,  274 
Globin,  418,  9<>2 
Globulieidal    action    of    blood-aemm, 

415 
Globulins,  general  properties  of,  990 
Glomerulus  of   kidnev,   functions  of, 

H211 
Gloasopharvngeal  nerve,  dilator  fibers 
in,  608 


GloeaopharyngpaJ  nerve,    nucleus  of, 

247 
Glucosamin,  988 
Glutaminic  acid,  782,  986 
Glutelins,  991 
Glutolin,  442 
Glycin,  7S1,  801,  986 
Glveoeholie  aeid,  801 
GlycocoU,  98(> 
Glycogen,  amount  of,  in  liver,  809 

discovery  of,  SOS 

glycogenic  theory,  JSU 

unportance  of,  in  embryo,  959 

in  muscle,  62,  S13  -|_ 

loss  of,  during  muscular  contra^ 
tions,  66 

metabolism  of,  in  b«iy,  894 

origin  of.  H(J9 

supply  of,  in  Ixxly,  888 
Glycolysis  of  sugars  in  body,  889 
rrlycoproteins,  t&2 
Glycoeuria,  890 

ulinientiu^',  789 
Glycvlglycin,  987 
Gmelin'a   reaction   for  bile-pij 

800 
Golgi's  nerve  cell*,  second  ly|>e.  134 

l>erieellular  neri'e  net,  136 
Graafian  follicle,  -nructure  of,  944 
Gram-molecular  solution,  995 
Growth,  979 
Guanaae,  738,  835 
Guanin.  M,  834 
Gudden's  commissure,  207,  214 


.  889 
igmcaiH 


I 


Harmony,  physiological  cause  of,  39S 
Hearing.    See  Ear. 

cortical  center  of,  210 

limits  of,  395 
Heart,  accelerator  oenter  for,  587 
nerves  of,  5s;^ 

action,  current  of,  533 
of  inhibitor^'  nerves,  573 

analysis  of  inhibition,  575 

apex  beat  of.  5,S6 

auriculoventricular  bundle,  528,  56T 

automaticity  of,  555 

capacity  of  ventricles  of,  547 

cardisw  ncrvps  of,  course,  573 

caniiogrum,  537 

cnrdio-jnhibilury  center  of,  578 

c^uMilion  of  beat,  555 

change  in  form  of  ventricle  in 
fole,  535 

compensatory  pause  of,  566 

contnwtion  wave  in,  531 

coronary  circulation  in,  .549 

course  of  cardiac  nerx'es,  573 

depressor  ner\'e  of,  606 

diastasis  of,  541 

diastole  and  systole  of,  525 
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Heart,  diastole  and  systole  of,  time 

relations  of,  547 
effect  of  calcium  upon,  &61 

of  dni^  on,  581 

of  occlusion  of  coronaries  upon, 
553 

of  potassium  upon,  561 

of  sodium  upon,  561 
electrical  chanEOs  in,  533 
escape  from  inhibit  ion,  577 
evcnfj^  of  a  cardiac  cycle,  546 
fibrillary  contractions,  553 
hisloricjil  account  of  beat  of,  556 
inhibition  of  auricle,  577 

of  ventricle,  577 
intravenlrictitor  pressure  during  sys- 
tole, 5;i8 
intrinsic  nerves  of,  5.57 
rnaxinmL  contractions  of,  564 
musculature  of,  525 
myogenic  theory  of  beat  of,  558 
negative  pressure  in,  551 
neunmenic  thoorj'  of  beat  of,  557 
rate  of  beat,  as  alfected  by  a#ce,  688 
by  blood-presfture,  5M9 
by  ititrin.'<ic  ncrx-r's,  589 
bv  muscuiar  excrcLsc,  590 
by  st'x,  5.H8 
by  sije,  5S.S 
by  lenijKTuUirc,  5fll 
reflex  accel  prat  ion  of  beat,  5S5 
refracl<ir>'  twriod  of,  504 
sequence  of  Ix-at  of,  567 
sounds  of,  543 
auction-pump  action  of,  551 
qnrtole  and  cliastole  of,  525 
time  relations  of,  547 
systolic  plateau  of  beat,  539 
tneorie«  of  inhibition  of,  581 
thini  sounrl  of,  545 
t^onic  inhibition  of,  579 
tonicity  of  muscle  of,  570 
vasomotors  of,  til 4 
ventricle  of,  in  systole,  535 
ventricular  output  of,  540 
volume  cur\'e  of,  fAii 
work  done  by,  547 
Heart -block,  568 
Heart^muscle,   general    properties  of, 

57,  .564 
Heat  centers,  936 

equivalent  of  fiMwlstiifTs,  91fi 

loss  of.  physiological  regulation  of. 

932 
nerves,  936 
production  in  hydrolysis,  915 

physiological  regulalii>ri  of,  935 
puncture.  937 
regulation,  chemical,  \Vj& 

general  statement  of,  932 

ph>'sieaJ,  934 
ligor  of  muscle,  53 


'  Heat,  sexual,  in  lower  animals,  947 

Helmholu  theory  of  color  vision,  356 

Helw«^"s  bundle,  spinal  cord,  182 

Hematin,  419,  428 

Uematoidin,  429 
I  Heraalo[K>ietic  tissue,  431 
I  Hematomrjihyrin,  429 
!  Hemcrahpia  (night-blindness),  354 
1  Hemianopia  (quwlrant),  209 
1  Hemin,  428 

Hemiplegia,  196 
'  Hemochromogen,  418,  429 

Hemodromograph,  474 

Hemoglobin,    absorption    spectra   f>f, 
42;^ 
comfiounds  of,  with  carbon  dioxid, 
42! 
monoxid,  420 
nitric  oxid,  420 
oxygen,  420 
condition  of,  in  corpuscles,  412 
I      crystals  of,  422 
I      curve  of  dissociation  of  oxyhemo- 
I  globin,  670 

I      derivatii'-e  compounds  of,  427 
I      iron  in,  421 

I      nature  anil  amount  of,  418 
!  Hranolysins,  natural  and  acquired,  415 
I  HemolvHiH,  413 

Hemorrhage,  effect  of,  459 

Herwlity.  ilefinjtion  and  histon*',  972 

Hering  theory  of  color  vJ.sion,  3.56 

Heterotypical  division  of  ovum.  954 

Hexon  bases,  969 

Hippuric  acid,  838 
I  Histidin,  7S2.  986 
I  Histohematins,  429 

HistoDs,  969,  991 
I  Hofcwker-Sadler  law,  977 

Homoiothermous  anmtals,  925 

Homolateral  conduction  in  cord,  177 

Honiotypical  division  of  ovum,  954 

Hormones,  76.5 

Hr)roi»ter,  .3<>S 

Hunger,  sense  of,  285 

Hydrocele  liquid,  442 

Hydrocihloric  arid,  combined,  in  gas- 
tric secretion,  761 
function  of,  in  p«ptic  digestion, 

767 
in  gastric  juice,  760 

Hydrolysw,  736 
heat  energj'  of,  915 

Hydrostatic  factor  in  circulation,  .506 

Hyperglyceinia,  890 

Hypermetropia,  314 

Hyjwrpnea,  691 

Hypertonic  solutions,  997 

Hypnotic  sleep,  265 

Hyiioglnssal  iier\'e,  nucleus  of,  247 
I  Hv|Kjtonic  >*otution8,  997 
1  Hypoxanthin,  W,  833 
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loENTirAL  points  of  retina,  365 
Identity  theorj'  of  nrne  impulse,  124 
Immune  body,  417 
Incongruence  of  retinaa,  367 
Indican,  838 

Indirect  calorimctr>',  931 
field  of  vision,  eye,  Sli5 
Indol  group  in  protein  molecule,  782 
Indoxj'l  sulphuric-  arid,  795,  83S 
Induction  coil,  24 
Inert  layer  in  circulation,  472 
Inheritannt",  Meudelian,  975 
Inhiliition,  esciipc  from,  iti  hciut,  577 
of  heart,  573 
of  knee-jerk,  157 
of  reflexes,  149 

of  respiratory  movements,  683 
reflex  of  heart,  578 
throrire  of,  581 
Inotropic  nervt-a  to  heart,  577 
Inspiration.     See  also  RcHpiration 
definition  of,  637 
increased  heart-rate  during,  ti57 
means  of  producing,  638 
muscles  of,  640 
Inspired  air,  comtKJsition  of,  658 
Intermediar>'  metaboUani  of  carbohv- 
dnites,  889 
of  fats,  895 
of  nuclpoproleina,  882 
of  proteins,  876 
products  of  muiicle  metaboliBm,  07 
Intermittent  claudication,  34 
Internal  eecrption,  a^lrenaJs,  S57 

definition  and  historical  account, 

850 
kidney,  871 
liver,  841 
ovary,  867 
pancreas,  869 
testis,  867 
thjToid  tissues,  S41 
Bensations,  268 
Intestinal      raovementu,      effect      of 
various  conditions  upon,  719 
secretion,  786 
Intestines,  bacferiul  action  in,  794 
large,  movements  of,  719 
nervous  control  of  movements  of, 

718 
reaction  of  contents  of,  794 
Bmal!.  movements  of.  714 
Intracellular  enzymes,  941 
Intracranial  pressure,  620 
Intra-ocular  preasure,  324 
Intrupulmonic  pressure,  fi49 
Intrathoracic  pressure,  ti5(l 
orif^n  of,  652 

vanations  of,  with  forced  breath- 
ing, 651 
Intraventricular  pressure,  538 
Introductory  contractions  of  muflcle,34 


Invertase,  738,  787 
Involuntary  iTUisele,  55 
lodothyrin,  852 
Iris,  action  of  drtigs  upon,  322 

antagonistic  action  of  luuscles  u]xin, 
319 

muscles  and  nerves  of,  318 
Iron,  efifect  of  removal  of  spleen  on. 
817 

in  hemoglobin,  421 

salt^i,  source  and  nutritive  impor- 
tance of,  902 
Irritability,  definition  of,  22 

of  muscle,  22 

of  ner\'e  fibers,  8.5 
Isodj'namic  cquiv.<dent  of  foodatu 

920 

Isoleucin,  986 

Isometric  muscular  contractions,  2" 
Isotonic  muscular  cfintractions,  27 

solutions,  definition  of.  997 
laolropous  substance-  in  muscle,  19 

jACOBaoN,  nerve  of,  740 

Judgments,    visual,   of   distance  and 
sise,  374 
of  perspective  or  solidity,  36\t 


Kenotoxin,  70,  661 

Kidney,  action  of  diuretics  on,  825 

blood-flow  through,  826 

composition  of  secretion  of  (urine), 
S2S 

function  of  convoluted  tubules,  823 
of  gUjuierulus,  821 

internal  secretion  of,  871 

secretion  of  urine  in,  819 

structure  of,  818 

Kinases,  737  

Kjeldtthl's  method  for  detenuinatinn 

of  nitrogen,  829,  873 
Knee-jerk,  conditions  influencing,  160 

defiiiition  of,  156 

exi)lanation  of,  158 

reinforcement  of,  156 

use  of,  as  diagnostic  sign,  161 


Labor,  phvsiologj-  of,  961 
Lactic  acicf  in  musc-le,  6IA 

increase  of,  during  contraction,  67 
Liiked  blood,  413 
LangerliaiiM,  islands  of,  870 
Large  intx>stine,  digestion  utd  absorp- 
tion of  food  in,  793 
movements  of,  719 
Larynx,  reflex  effects  from,  on  respt- 

rattons,  684 
Latent  period  of  muscular  contrac- 
tion, 27 
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Law  of  constant  energy  consumption, 
982 
growth-quotient,  983 

of  surface  area,  932 
Lecithin,  79,  803 

aa  complement,  417 
Lecithoproteins,  992 
Lemniscus,  lateral,  213 

median,  202 
Leucin,  781,  986 

Leucocytes,     effect    of    hemorrhage 
upon,  460 

functions  of,  433 

structure  and  classification,  433 

variations  in  number  of,  435 
Liebermann's  reaction  for   proteins, 

989 
Liebig's   classification   of   foodstuffs, 

910 
Light-reflex  in  eye,  320 
Lipase,  735 

activation  of,  786 

gastric,  771 

m  pancreatic  secretion,  784 

reversible  reaction  of,  733 
Lipoids,  78 
Listing's  law,  364 

schematic  eye,  304 
Liver,  bile-pigments  of,  800 
acids  of,  801 

formation  of  urea  in,  814 

glycogen  of,  808 

glycogenic  action  of,  812 

mternal  secretion  of,  851 

pulse,  520 

quantity  of  bile,  799 

relation  of,  to  fat  metabolism,  896 

secretion  of  bile,  804 
Localization  of  function  in  cerebellum, 
241 
in  cerebrum,  191 
Localizing  power  of  skin,  278 
Locke's  solution^  562 
Locomotor  ataxia.  172 
Ludwig  theory  ot  urinary  secretion, 

819 
Luminosity  of  visual  sensations,  341 
Lungs,  gaseous  exchanges  in,  673 

total  surface  of,  637,  674 

vasomotors  of,  615 
Lymph,  action  of  lymphagogues,  465 

circulation  of,  630 

formation  of,  463 

summary  of  factors  concerned  in 
formation  of,  468 
Ljrmphocytes,  433 
Lysin,  782,  986,  991 

Maitasb,  738,  753,  784,  787 
Maltose,  754,  784 

Mammary   glands,   effect  of  uterus 
upon,  962 

64 


Mammary  glands,  structure  and  func- 
tions, 961 
Manometer,  Hlirthle's,  485 
maximum  and  minimum,  485 
use  of,  for  determining  blood-pres- 
sure, 479 
Mast  cells,  434 
Mastication,  703 
Mathematical  perspective,  370 
Mean  blood-pressure,  484 
Medulla  oblongata,  242 

respiratory  center  in,  677 
Medullary  strue,  213 
Mendeliaii  law  of  inheritance,  975 
Meningeal  spaces,  618 
Menstruation,  946 
effect  of,  on  other  functions,  951 
physiological  significance  of,  950 
Mercury  manometer,  use  of,  for  blood- 
pressures,  479 
Metabolism,  definition  of,  872 
intermediary,  of  carbohydrates,  889 
of  fats.  895 
of  nucleoproteins,  882 
of  proteins,  876 
Metaproteins,  993 
Metathrombin,  454 
Methemoglobin,  427 
Methylpurins,  834 
Microphage,  435 
Micturition,  physiology  of,  840 
Milk,  composition  of,  964 
Millon's  reaction  for  proteins,  989 
Minimal  {ur,  646 
Miosis,  definition  of,  322 
Molisch  reaction  for  proteins,  990 
Monakow's  bundle,  181 
Motor  aphasia,  217 
areas  of  brain,  194 
paths  in  spinal  cord,  179 
points  in  man,  93 
'Mountain  sickness,  697 
Movements  of  alimentary  canal,  defe- 
cation, 721 
deglutition,  703 
large  intestine,  719 
mastication,  703 
small  intestine,  714 
stomach,  710 
vomiting,  724 
Mucin  in  saliva,  743 
Muscarin,  action  of,  on  heart,  581 
on  iris,  322 
on  sweat-glands,  848 
Muscle,  absolute  power  of,  38 
action  current  of^  103 
artificial  stimulation  of,  24 
calcium  rigor  of,  55 
carbohydrates  of,  62 
cardiac,  properties  of,  57,  564 
chemical  changes  of,  in  contrao* 
tion,  65 
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Nerve-cell,  summation  of  stimuli  in, 
139 
varieties  of,  132 
Nerve-fibers,  action  current  of,  103 
afferent  and  efferent,  80 
anodal  and  cathodal  stimulation  of, 

88 
antidromic  impulses  in,  83 
artificial  stimuli  of,  85 
autoregeneration  of,  128 
chemistry  of,  78 
classification  of,  81 
core  model  of,  109 
degeneration  and  regeneration  of, 

126 
demarcation  current  of,  96 
direction  of  conduction,  115 
du  Bois-Reymond's  law  of  stimu- 
lation, 87 
electrical  stimulation  of,  in  man,  94 
clectrotonic  currents  of,  108 
electrotonus  of,  88 
impulse  in,  historical,  HI 
independent  irritability  of,  85 
metabolism    in,    during     activity, 

120 
myelin  sheath  of,  77 
nutritive   relations   to   nerve-cells, 

124 
opening  and  closing  tetanus  of,  91 
Milgers  law  of  stimulation  of,  89 
stimulation  of,  in  man,  91 
structure  of,  76 

unipolar    method    of    stimulating, 
92 
Nerve-impulse,  historical.  111 
metabolism  durinE,  119 
modification  of,   by  various  influ- 
ences, 117 
qualitative  changes  in,  81,  123 
relation  of,  to  action  current,  107, 

115 
theories  of,  121 
velocity  of,  112 
Nervi  erigentes,  253,  609,  628 
Nervous  secretion,  gastric,  765 

pancreatic,  779 
Neim^fenic  theory  of  heart  beat,  557 

tonus,  56 
Neuron  doctrine,  130 
Neurons,  varieties  of,  131 
Nicotin,  action  of,  on  salivary  secre- 
tin, 750 
on  sweat  secretion,  847 
use  of,  in  tracing  autonomic  fibers, 
250 
Night-blindness,  hemeralopia,  354 
Ninth  cranial  nerve,  nucleus  of,  247 
Nissl's  granules,  135 
Nitric  oxid  hemoglobin,  421 
Nitrogen,  condition  of,  in  blood,  669 
determination  of,  S73 


bile,  804 


Nitrogen  equilibrium,  872 

effect  of  non-protein  food  on,  875 

excretion  in  urine,  829 
Nitrogenous  extractives  of  muscle,  64 
Nodal  point  of  eye,  306 
Non-polarizable  electrodes,  101 
Normoblasts,  431 
Nuclease.  738,  8;i5 
Nucleo-albumm  in  ' 
Nucleon,  63 
Nucleoproteins,  992 

in  blood.  445 

intermediary  metabolism  of,  882 


Obesity,  physiological  cause  of,  899 
Ohm's  law  of  composition  of  sound 

waves,  390 
Olfaction,  end-organ  for,  293 

mechanism  of,  294 
Olfactometer,  298 
Olfactory  associations,  299 
bulb,  histological  structure  of,  215 
center  in  cortex,  214 
nerve,  course  of  fibers  of,  in  brain, 

216 
organs,  fatigue  of,  297 
sensations,  classification  of,  295 
conflict  of,  299 
nualities  of,  295 
tnreshold  stimulus,  297 
sense  cells,  294 
stimuli,  nature  of,  295 
Oncometer,  826 
Ophthalmometer,  328 
Ophthalmoscope,  325 
Opotherapy,  850 
'  Opsonins^  435 

:  Optic  chiasma,  decussation  in,  207 
nerv'c,  course  of  fibers  of,  in  brain, 

206 
radiation,  207 
thalamus,  functions  of,  in  vision, 

210 
tracts,  structure  of,  207 
Optical  deceptions,  375 
Optograms  on  retina,  333 
Orthodiagram,  536 
Orthodiagraph,  536 
Osmosis,  definition  of,  993 
Osmotic  pressure,  definition  of,  994 
determination  of,  995 
of  blood,  414 
Oval  field  of  Flechsig,  181 
Ovaries,  internal  secretion  of,  867 

relation  of,  to  menstruation,  949 
Overtones,  production  of,  390 
Ovulation,  945 
Ovum,  fertilisation  of,  955 
implantation  of,  in  uterus,  957 
maturation  of,  953 
passage  of,  into  ntenis,  952 
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^^1              Oxalate  solutions,  effect  of,  on  coagu- 

Peroxidases,  941                              ^^^| 

^H                  latinn,  456 

Perspiration.     See  Sweat.              ^^H 

^M              Oxidases,  736,  938 

Pottenkofer's  reaction,  801             ^^H 

^H             Oxidations,  theories  of,  938 

Pfluger's  law  of  stimulution,  89       ^^H 

^H             Oxygen,  action    of,    on    respiratory 

tetanus,  91                                     ^^H 

^H                     center,  (>S8,  61)6 

Phagocytes,  435                              ^^H 

^^^^H            compound  of,  with  hemop(lobin,  420 
^^^^B          condition  of,  in  hlo)xl,  660 

Phenolsulphuric  acid,  838              ^^^| 

Phenylalanin.  782,  986                  ^H 

^^^^H          effects  of  varying  pressures  of,  on 

Phtoridzin  diabetes,  892                ^^^H 

^^^^^B              respiration,  696 

Phosphatids,  79                                  ^^H 

^^^^F          tension  of,  in  alveolar  air,  673 

Phoflphocarnic  acid,  63                  ^^^| 

^                     in  tiasues,  675 

Phosphoproteins,  992                      ^^^| 

^H                      in  venous  blood,  673 

Phrenology,  191                                ^^H 

^H              Oxygenase,  941 

Phrenosin,  80                                      ^^^| 

^H              Oxyhemoglobin,  420 

Physical  heat,  regulation,  934         ^^H 
Physiological  diplopia,  367              ^^H 

^B              Oxyprohn,  986 

^H              Oxjijroteic  acid,  830 

oxidations,  theories  of,  938                 ■ 

^H              Oxypurios,  834 

Lavoisier's  work,  633,  924       ^^B 

point  (vision),  338                       ^^M 

salioc,  415                                  ^^H 

^H              Pacchionian  bodiw  of  brain,  619 

Physostigmin,  action  of,  on  i™<^^^| 

^H              Pain   eenae,    distribution   and    char- 

Pilocarpin,  action  of,  on  heart,  SC^^H 

^^^^H                     aeteristics  of,  281 

on  iris,  322                                  ^^^| 

^^^^H               kK-iilizatiiin  of,  281 

on  salivary-  glamb,  250           ^^H 

^^^^■^                path  for,  in  cord,  175 
^V              Pale  fibers  of  musele.  19.  25 

on  sweat  giohds,  848                ^^H 

Pincai  bodv,  866                              ^^1 

^^^^^        Panrreai!,  action  of  lipaat;  in,  784 

Piqfire,  S'.MJ                                        ^^M 

^^^^^           anatomy  of,  775 

Pituitary  bodv,  structure  and  func-    V 

^^^^H           curve  of  secretion  of,  777 

tione  of,  863                                         ■ 

^^^^m          digestive  action  of  secretion,  780 

Placenta,  functions  of,  958                    1 

^^^^B                  on  carbohydrates,  784 

Plain  muscle,  55                                      1 

^^^^H            inten^al  »(H-retion  of,  860 

Plasma  of  blood,  composition  of,  439    1 

^^^^H           normal  nitx-haniiiin  of  secretion,  778 

Plethy8mograr>hy.  51H>             ^                ■ 

^^^^■^           8<:rrelor>'  norvtis  of,  776 

Pneum<ig.HMl  ric  ner\-e.     See  Vaoui,^^^M 

^V              Pan(?rpatie  secretion,  chemical,  779 

Pneumugniph.  643                             ^^^| 

^H                      norvQiis,  779 

Pneumothorax,  653                           ^^^| 

^H               ParaglobuUn,  442 

Poikilothennous  animals,  925 

^H               Paralysis  ( motor  1,  19(5 

Polar  bodies  of  ovum,  954 

^H               Paralytic  secretion  (saliva),  751 

Polyr)ep1id,  78^1,  987 

^H               Parapeptone.  7<)8 

Positive  electrical  variation  in  hean, 

^1                 Paraphasia,  218 

582 

^H                Parathvroid,  structim?  and  function 

Posterior  funiculi,  descending  tracts 

^B                   of.  H.')1,  852 

of,  178,  181 

^H                Parthenogenesis,  957,  978 

tract*  of,  170 

^H                Partiirilion,  physiology  of,  961 

root,  cells  of,  origin  of,  S4 

^H               Pendular  movements  (intestine),  714 

ganglia,  t}!^  of  cells  in,  133 

^H                  sound  waves,  388 

lenninafion  in  cord,  169 

^^B               Pepsin,  Ifvi 

^H                   discovery  of,  730 

^H                  proiwirties  of,  765 

Pwt ganglionic  ner\-e-fibers,  249 

Poia.ssiuni  sails,  action  of,  on  heart, 

.561 

^H               Pettsin-bydrochloric    acid    digestion, 

Potential  energy  of  food,  915 

■ 

Precipitins.  98S 

^1               Peptids.  7S3,  987 

Pretlicrotic  pulse  wave,  517 

^H               Peptone,  767 

Preganglionic  ner\'e-fiber8,  249 

^H                   absorption  of,  in  stomach,  774 

Pregnancy,  changes  in,  960            ^^H 

^^g                    effi>ct  on  clotting  of  blood,  457 

Prc|}vranudal  tracts,  181                ^^^| 

^^                Peptozym,  457 

Presbyopia,  310,  315                      ^^M 

Pericardia!  liquid,  442 

Press-juice,  735                              ^^^| 

1                        Perimeter,  335 

Pressor  ncr\'e-fibers,  603                 ^^^B 

P»>riph*Tal  {ield  of  vision,  335 

j  Prciwur**  of  gases  in  solution,  667        ■ 

rt>sifilancc  in  circulation,  605 

sense,  deep,  274                            ^^fl 

'                       Peristalsis,  714 

1         distribution  of,  278                ^^H 
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Pressure  sense,  localudog  power,  etc., 

278 
Primary  proteoses,  768 
Principal  axis  of  lens,  301 

focal  distance,  301 
Projection  system  of  fibers  (brain), 

185 
Prolamines,  991 
Piolin,  782,  986 
Propeptone,  768 
Prostate  gland,  967,  971 
Protalbumoses,  768 
Protamins,  968,  991 
Protanopia,  349 
Proteases,  735 

Proteins,  absorption  of,  in  intestine, 
791 

as  glycogen  formers,  810 

classification  of,  990 

definition  and  structure  of,  986 

diffusion  of.  998 

excretion  of  nitrogen  of,  829 

{^neral  reactions  of,  988 

m  blood-plasma,  441 

necessary  amoimt  of,  in  diet,  878, 
918,  919 

normal  metabolism  in  body,  876 

of  muscle,  60 

osmotic  pressure  of,  997 

putrefaction  of,  in  large  intestine, 
795 

specific  d}mamic  action  of,  884 

synthesis  of,  in  body,  792 
Proteolytic  enzjrmes,  735 
Proteoses,  993 

general  properties  of,  768 
Protopathic  sensations,  274 

sensibility,  273 
Proximate  principles  of  food,  727 
Psychophysical  law,  270 
Ryalin,  743 

action  of,  in  stomach,  712 

digestive  action  of,  753 

effect  of  various  conditions  upon, 
764 
Puberty,  946,  966 

Pulmonary   arteries,   vasomotors   of, 
615 

circulation,  peculiarities  of,  509 
variations  of  pressure  in,  510 
Pulse,  anacrotic  waves  of,  518 

catacrotic  waves  of,  517 

form  of  wave,  516 

general  statement,  512 

varieties  of,  in  health  and  disease, 
519 

velocity  of  propagation  of,  513 

venous,  520 
Pulse-pressure,  483 
Purin  bases,  64,  833 
Purkinje,  images  of,  308 

phenomenon,  343 


Putrefaction  in  intestines,  795 
Pyloric  glands  of  stomach,  7^ 

secretion  of,  766 
Pyramidal  tract  in  brain,  195 

in  spinal  cord,  179 
Pyrrol  compounds  in  protein  mole- 
cule, 782 
Pyrrolidin-carboxylic  acid,  782,  986 


Quadrant  hemianopia,  209 
Quotient,  respiratory,  699 


Reaction  of  degeneration,  94 

time,'  113 
Reactions,  biological,  416 
for  proteins,  988 
Gmelin's,  800 
of  blood,  409 

of  contents  of  small  intestine,  794 
of  urine,  828 
Pettenkofer's,  801 
Recessive  characteristics  in  inherit- 
ance, 975 
Reciprocal  innervation,  150 
Recurrent  sensibility  of  anterior  roots, 

83 
Red  blood-corpuscles,  chemical  com- 
position of,  440 
condition  of  hemoglobin  in,  412 
effect  of  hemorrhage  upon,  431 
hemolysis  of,  413 
influence  of  spleen  upon,  430 
number  and  size  of,  412 
ori^n  and  fate  of.  429 
variations  in  number  of,  431 
fibers  in  muscleSj  19,  26 
Reduced  hemoglobin,  420 

schematic  eye,  304 
Reflex  actions,  axon  reflexes,  153 
classification  of,  144 
definition  and  historical,  142 
from  parts  of  brain,  151 
influence  of  condition  of  cord  on, 
151 
of  sensory  endings  upon,  147 
inhibition  of,  149 

of  heart,  578 
knee-jerk,  156 

of  erection  and  ejaculation,  971 
of  respiratory  center,  679,  684 
of  vasomotor  nerves,  603 
preparation  of  reflex  frog,  144 
reflex  arc,  142 
respiratory,   from   nose,   larynx, 

and  pharynx,  684 
special  and  deep  reflexes  of  cord, 

161 
spinal  reflexes,  144 
theory  of,  146 
through  peripheral  ganglia,  152 
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vasodilator 


Reflex    art  ions    throaph 
nerves,  6(H) 
time  of,  14S 

Tilrck's  method  of  studjnng,  151 
Reflcxps,  deep,  161 
extensor  thnisf,  JW 
s|MTial  spinal,   Ifil 
spinal,  144 
Refractive  power  of  eye,  ;ill 
Hefnictory  jjeriiKl  of  heart  beat,  564 

of  nerve-cell,  140 
H ('generation  in  nerve-fibera,  126 
Ueinforcement  of  knee-kick,  156 
Henriin,  769 

iif  kidney,  871 
Heproduetion,   changes  during  preg- 
nuticy,  96(1 
in  uterus  in  menstruutiou,  1H7 
chemistry  of  sperinatozoa,  9<>8 
doteritiination  of  sex,  976 
erertion,  969 

fertilization  of  ovum,  055 
functions  of  placenta,  958 
general  statements,  943 
growth  and  senescence,  'J79 
heredity,  972 

implantation  of  o\'\un,  957 
nirtinmary  glands,  961 
menstruation,  946 
nutrition  of  ombrj'o,  958 
ovulation,  944 
piirturition,  961 
properties  of  spermatozoa,  966 
relation    of    ovaries    to    menstrua- 
tion, 948 
structure  and  functions  of  corpus 
luteum,  944 
of  Graafifln  follicU-s,  944 
Residual  air,  646 

Hesionance,   importance  of,    in   func- 
tions of  ear,  391 
Rr-spiration,  abdominal  tvpe,  642 
!\capnia,  693,  69.S 
aecessorj"  centers  of,  in  brain,  6S7 

respiratory  movements,  643 
anatomy  of  thorax,  636 
apnea.  691 
artificial,  647,  657 
asph3nda,  691 
aspirator}'  action  of,  on  blood-flow, 

653 
automatic    action    of    respiratory 

center,  679 
bronchoconstrictor     and     hnmcho- 

dilator  fibersi,  (Hl4 
calorimeter,  931 
capacity  of  the  bronchi,  t>47 
chamber,  S74 
chemical   <:om|K)silion    of    inspired 

and  ejqiirc-d  air,  65.S 
Cbeynp-Stokew  t>^x■  of,  701 
oompiemental  air,  646 


Respiration,  condition  of  CAfbon  dioxid 

in  blood,  671 
costal,  iW2 
detiiiition  of  inspirulina  and  cxpini> 

lion,  IW7 
dit«*ori!itinn  of  oxvheuiogtubin,  (170 
dywpnen,  641,  691" 
effect  of  anemia  upon,  702 

of  chimgesi  in  barometric  prewun 
ujM>u,  697 
in  composition  of  air,  6t>6 

of  nmscular  work  upon.  W5 
exchange  of  gasce  in,  65S 
forced,  641 

gaseous  exchange  in  lungs,  673 
gases  of  blood,  liti2 
history  of,  ti32 
hyperpnea,  691 
in<^r<>a.xe*l  heart  rate  during  i 

tion,  567 
injurious  effect  of  expired  air,  659 
int  rapulmonjc  pressure,  649 
intrathoracic  pressure,  650 
mechunLsm  of  iiwnirution,  638 
methixls  of  n'eording,  64.3 
minima)  air,  t>46 
modified,    rcspiratorv    movements, 

701 
mountain  sicknei^s.  697 
muscles  of  expiration,  640 

of  inspiration,  640 
negative  {^iressure  in  thorax,  651 
normal  atmmkis  of,  fy*7 

ventilation  of  alveoli,  (>47 
of  swallowing,  705 
oripin     of     negative     pressure    in 

thorax,  652 
physical  theory  of,  672 
phvsioloipcal  anatomv  of  organs  of, 

636 
pneumothorax,  6.53 
reflex    stimulation    of    n-spiruloiT.' 

center.  (J79 
relation  of  vagus  nerve  to,  6S1 
residual  air,  646 
respiratory  center,  677 

quotient.  699 

wave*  of  blood-preasure.  546 
secretion  of  ga.sf«  in  lungs,  675 
spinal  nsspirutory  centers,  67S 
supplemental  air,  64li 
tension  of  gases  in  alveolar  air,  &7A 
in  arterial  bloo<J,  674 
in  tissues,  675 
in  venous  blood,  674 
tidal  air,  646 
value  of  nitrogen  in,  669 
ventilation,  principles  of,  659 
vital  capacity,  645 
volumes  of  air  respired,  645 
voliintarj'  control  of,  685 
Respiratory  center,  677,  6S5 


Reapiraton'  center,  avitomatic  activity 
of,  (i71< 

nonim]  stinuiliis  of,  (ks7 

reflex  stimuJHtion  of,  tWfl 
inovon)«'nf!<,   ckM-lricaJ   changes  in, 

ti83 
quotient,  699 

waves  of  bItHHl-prft«iire,  654 
Rest  iff) mi  bmiy,  2;i^i 
Retina,  arlioii  (-urrwit  of,  :i'.il 
acuity  of  vLskm  in,  '.til 
uftpr-imiigfs  from,  '.iM\ 
»(>!or-blindne88  of,  34>p 

rontrasls  in,  H47 

vision  in,  'M',i 
coin'«|K>ndin(t  |K)inls  of,  36.> 
cliHtribution  of  color  sense  in,  ;151 
entoptic  |>heni>nnena,  360 
funetion  of  hmIs  and  cones  of,  IJi52 
fundament  ul    ami    rrmiplementary 

eolom,  '.H^i 
hfihi  odttjitetl  ami  durk  adapt e<J,  :i40 
pc)rtion  of,  stimidiiltvi  by  lieht,  'XVi 
projection  of,  oh  «iet'i{jitHl  lobes,  208 
(^unliticj*  of  visual  seiitijil  iotis  from, 

size  of  fovea  in,  3;i7 

theories  of  color  vif»ion  in,  354 

thresiiolcl  Bt'uuulua  of,  a;i(* 

visual  purple  of,  'S^i2 
Refinoscoi>e,  327 

Rt'versiblc  ehernieal  reactions,  732 
Rheuscopie  frog  prepamtion,  106 
Rhodopsin,  3.')2 

Ribs,  action  of,  in  inspiration,  B36 
Rigor,  calcium,  !}r> 

of  miiscle,  52,  69 

w;\l(T,  55 
Ringer's  sioluUon,  561 
Rittcr's  tetanus,  01 
Rivimw,  dncts  of,  740 
Rods  and  cones  of  ev<v  functions  of, 

352 
Romberg's  symptom,  237 
Rubncr's  laws  of  growth,  H,M2 

surface  area  law,  932 
Rubrospinal  tract,  181,  197 


SACcrti's,  functions  of,  405 
Saliva,  chorda,  745 
composition  of,  743 
«lige«tive  artion  of,  753 
Kcneral  functions  of,  7,55 
jMMTclory  nrrvf*;*  for,  744 
s\Tnpathetir,  745 
HaJivan-  glaiuls,  action  of  dnigs  upon, 
7.W 
anatomical  relations,  744> 
histological    chanj£e«   during    ac- 
tivity, 74s 
structure  of,  74(> 


'  SaJivary    glands,    normal   stimulation 
of,  752 
secretory  eonierH  for,  752 

nerve-libers  of,  744 
theory  of  secretory  nerves,  746 
Salt;*,  absorplion  of,  in  stomach,  773 

exereiion  of.  S3H,  \Hr2 

general  nutritive  importance  of,  ',M)2 
Sarcolactic  acid,  (ilj 
San'omeres,  75 
Sarcostyles,  18 

SebacrtmH  glandi«,  sirretion  of,  1S4K 
Seconiliiry  ax«  of  a  lens,  302 

degonenition,  nerve-fibers,  125,  166 

proteo!M«,  7(W 
Secretin,  gastric,  764 

pancreatic,  779 
Secretion,  740 

inlernal,  S50 

paralWic  (saliva),  761 

of  biic,  K04 

of  jiastric  juice,  762 

of  mteslinal  juice,  786 

of  psincreatic  juioe,  776 

of  duliva,  744 

of  sebacecnw  glands,  848 

of  sweat,  845 

of  ur'me,  828 
Secretogogues  of  gastric  glands,  763 
Spcret^rv  nerves  of  .sali\ar>'  glands, 

744 
Semicircular    canals,    direct    stimula- 
tion of,  400 
Fluorens*  experiments  upon,  3!tS 
structure  of,  397 
tenifjorury  and  (jermanent  eflecls 

of  o]>erationH  on,  390 
theories  of  functions  of,  401 
Seminal  vesicles,  function  of,  967 
Seneeoence,  979 
Senses,  classification  of,  266 

cutaneous  and  intermil,  273 
Senmbility,  mujicular,  282 

of  glans  ])enis,  274 

protopiithic  and  e]Hcritic,  273 
Sensory  aphiisia,  219 

aireas  of  cortex,  2fH) 

paths  ill  spinal  cortl,  170,  173 
Sequence  of  KcBTt  beat,  567 
Senn,  986 

Serum,  action  of  foreign,  415 
Seruni-alhiunin.  441 
Seruni-globiilin,  442 
Seventh  cranial  nerve,  nucleus  of,  246 
Sex,  (letenniiitition  of,  97(\ 
Side-presHure  in  bloofl-vesiM4s,  .501 
Sinoauriciilar  ncMlc,  .520 
Sinospirul  fibcrH  of  heiirt.,  527 
Sixth  cranial  nen-e,  nucteus  of,  246 
Skatoxvlsulphuric  acid,  KiH 
Skeletal    muscular    tissue,    structiu^ 

of,  18 
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Skiascope,  327 

Skin,  excret<)r>'  functions  of,  844 

sweat  gliuids  of,  845 
Sleep,  changes  in  circulation  during, 
258 

curves  of  intensity  of,  257 

effect  of  sensory  stimulation  during, 
261 

hjpnotic,  265 

metabolism  during,  913 

physiological  plienoiiiena  of,  255 

theories  of,  262 
Smid!  inloatinc,  absorption  in,  787 
Smegma  pncputii,  8411 
Smell,  center  for,  in  brain,  214 

end-organ  of,  203 
Smelling,  mcH-hanisra  of,  2(14 
Sodium  chlorid,  nutritive  value  of,  902 

salts,  effect  of,  on  heart  beat,  561 
Somatoplasm,  definition  of,  982 
Sound,  seaiiitiorus  of.     See  Ear. 

waves,  nature  and  action  of,  387 
overtones  of,  31M) 
simple  and  compound,  388 
Specific  energy  of  taste  sensations,  291 

gravity  of  dIckxI,  411 

nerve  energies,  doctrine  of,  123,  288 
of  cutaneous  nerves,  276 
Spectra,  absorption,  blood,  423 
Spectroscope,  424 
Spermatozoa,  ehemistrj'  of,  968 

maturation  of,  1)67 

properties  of,  967 
Sperrnin,  867 

Spht'ricai  aberration  in  eye,  313 
Spiiincter,  cardiac,  707 

external,  of  anus,  722 

ileocecal,  719 

internal,  of  anus,  721 

of  bile-duct,  807 

of  bladder,  841 
Sphygmography,  515 
Sphygmomanometers  for  determining 

blood-pressure  in  man,  491) 
Spinal  cord  as  ]>ath  of  conduction,  163 
classification  of  tracts  in,  166 
effect  of  removing,  155 
general    relations    of    gray    and 
white  matiff  in,  165 

Soups  of  cells  in,  163 
elweg'a  bundle  in,  1S2 
hoiMolateral     antJ     contralateral 

c<inductiuii  in,  177 
lesH  weU-known  tracts  of,  180 
Monakow's  bundle  in,  ISO 
paths  in,  for  cutaneous  impulses, 

175 
pyramidal  tracts  of.  178 
reflex  activities  of,  142 
tonic  activity  of,  154 
tracts  of,  in  lateral  funiculi,  173 
in  posterior  funiculi,  l70 


Spinal  cord,  tracts  of,  in  white  m&tte, 
Ui6 
vestibulospinal  tract,  181,  233 

reflex  movements,  144 

reflexes,  144 

in  mammals,  147 

respiratory  center,  678 
Spirometer,  645 
Spleen,  physiolc^  of,  815 
Stannius,  first  ligature  of,  569 
Stapedius  muscle,  function  of,  383 
Star\'ation,  effect  of,  on  body-metab- 
olism, 914 
Stcap^.     See  Lipase. 
Btenson's  duct,  740 
Stercognostic  perception,  201 
Stereoscopic  vision,  372 
StethoscoiK",  543 
Stimulants,  729 

nutritive  imj)ortance  of.  905 
Stimuli,  artificial,  of  muscle,  24 

of  tiiTve,  8.5 
Stokes-Ail.'iiiis  syndrome,  568 
Stokes'  retUifing  agent,  426 
Stomach,  absorption  in,  772 

anatomy  of,  708 

automat  iicily  of,  713 

digesuon  iai,  771 

glands  of,  7.5<) 

hi.stologtcaJ     changes     in,     durinfc 
a<rtivity,  757 

means  of  obtaining  setuvtion  of,  758 

mechanism  of  gastric  accretion,  763 

movements  of,  710 

musculature  of,  709 

prop('rlics  of  peiKtin  nf,  765 

secretory  nen'es  of,  762 
Strabismus,  364 
String  galvanometer,  100 
Stromuhr,  473 
Subliminal  stimulus,  340 
Submaxillary  ganglion,  740 
Substrata,  734 
Succus  entericufl,  786 
Sugar  puncture,  890 

regulation  of  supply  of,  in  body,  S90  { 

Sugars.     See  Carfwhydratci^.  ! 

Stilphur,  forms  in  which  emrreted,  838  j 

Sunmiation  of  muscubu-  contrartiona,] 

41 

of  stimuli  in  ners'e-centors,  139 
Superior  olivary  body,  relation  of,  toj 

auditory  paths.  213 
Supplemental  air,  t>46 
Surface  areA  law,  932 
Swallowing,  703 

respiration,  705 
Sweat,  amount  and  oomposilioa  at,^ 
845 

ne^^'e-centers  for,  848 

ner\'es,  action  of,  in  heat 
tion,  933 
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Sweat,  secretory  fibers  of,  846 
Sympathetic  nervous  system,  general 
relations,  248 
resonance,  391 
Syntonin.  768 

Systole,  duration  of,  in  heart,  547 
Systolic  arterial  pressure,  483 

determination  of,  in  animals, 
485 
in  man,  490 
plateau  of  ventricular  contraction, 
539 


Tabes  dorsalis,  172 

Tactile  discrimination,  176,  281 

localization,  281 
Taste  buds,  290 

center  for,  in  brain,  216 

nerves  of,  288 

sensations,  classification  of,  290 
specific  energy  of,  291 
threshold  stimulus,  293 

sense  of,  288 

stimuli,  mode  of  action,  292 
Taurin,  802 
Taurocholic  acid,  802 
Tectorial  membrane,  393 
Temperature.    See  Heat. 

coefficient,  116 

effect  of,  on  body  metabolism,  913 
on  eases  in  solution,  666 
on  heart  rate,  592 
on  muscular  contraction,  29 

of  human  body,  926 

sense,   distribution  and  character- 
istics, 275,  277 
path  for,  in  spinal  cord,  175 
punctiform  distribution  of,  275 
Tension  of  gases  in  solution,  667 
Tensor  tympani  muscle,  function  of, 

383 
Tenth  cranial  nerve,  nucleus  of,  247 
Testis,  internal  secretion  of,  867 
Tetanus,  number  of  stimuli  necessary 
for,  44 

of  artificial  muscle,  74 

of  muscle,  41 

opening  and  closing,  91 
Theobrorain,  834,  906 
Third  cranial  nerve,  nucleus  of,  243 

heart  sound,  545 
Thirst,  sense  of,  287 
Thorax  as  closed  cavity,  636 

aspiratory  action  of,  653 

normal  position  of,  637 

origin  of  negative  pressure  in,  652 
Thrombin,  448 
Thrombogen,  449 
Thrombokinaac,  452 
Thromboplastic  substances,  451 
Thyroid,  extirpation  of,  852 


Thyroid,  function  of,  854 

internal  secretion  of,  851 

theory  of  (Cyon),  856 
Tidal  air,  646 

Tigroid  substance  in  nerve-cells,  135 
Tissue  protein,  876 
Tissues,  exchanges  of  gases  in,  675 
Tone  (musical)  of  muscular  contrac- 
tion, 43 
Tonicity  of  heart  muscle,  570 

of  muscle,  50 

of  nerve-centers,  154 
Tonus,  myogenic,  57 

neurogenic,  56 
Touch  sense,  path  of,  in  cord,  175 
Tracts  in  cerebellum,  233 

in  spinal  cord,  166 

of  Flechsig,  168 

of  Gowers,  168 

of  Helweg  (olivo-Bpinal)j  182 

of   Monakow    (rubro-spinal),    181, 
197 
Traube-Hering  waves,  608 
Treppe  on  muscular  contractionSj  34 
Trigeminal  nerve,   area  of  distribu- 
tion of,  245 
nucleus  of,  246 
Tritanopia,  349 
Trophic  nerve  fibers,  salivary  glands, 

746 
Trypsin,  735,  780 
Tryptophan,  782 

Turck's  method  for  reflex  time,  151 
Twelfth  cranial  nerve,  nucleus  of,  247 
Tympanic  membrane,  379 
Tyrosin,  782,  986 


Unipolar  method  of  stimulation,  92 
Urea,  formation  of,  in  liver,  814 

origin  and  significance  of,  830,  881 
Ureters,  contractions  of,  840 
Urethra,  sphincter  of,  841 
Uric  acid,  64,  833 
in  spleen,  817 
significance  of,  833,  883 
Uricolytic  enzyme,  835 
Urinary  bladder,  movements  of,  841 
nerves  of,  843 
pigments,  828 
Urination,    physiological   mechanism 

of,  840 
Urine,  composition  of,  828 
nitrogenous  excreta  of,  829 
origin  of  acidity  of,  824,  828 
reaction  of,  828 
secretion  of,  819 
pressure  of,  823 
Uterus,  changes  of,  during  menstrua- 
tion, 947 
effect  of,  on  mammary  glands,  962 
Utriculus,  function  of,  405 
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Vagus  nerve,  action  of,  on  gastric 
secretion,  762 
on  heart,   573.     See  also  In- 
hibition 
on  pancreas,  776 
as  motor  nerve  to  stomach,  713 
nucleus  of,  247 

relations  of,  to  respiratory  cen- 
ter, 681 
Valin,  781,  986 

Vasomotor  fibers,  centers  for,  in  cord, 
607 
in  brain,  626 

to  pulmonary  arteries,  615 
nerves,  action  of,  in  heat  r^ula- 
tion,  934 
antidromic  impulses  in,  611 
course  and  distribution,  598,  608 
general  properties  of  dilators,  609 
historj'  of  discovery  of,  594 
methods  used  to  demonstrate,  595 
of  heart,  614 

position  of  constrictor  center,  601 
reflex  actions  of,  603 
rhythmical  action  of  constrictor 

center,  607 
to  abdominal  organs,  627 
•    to  dilator  center  and  reflexes,  609 
to  genital  organs,  628 
to  head,  626 
to  kidnej's,  826 
to  skeletal  muscles,  628 
to  trunk  and  limbs,  627 
to  veins,  629 
tonic  activity  of,  601 
\'eins,  vasomotor  supply  of,  629 
Velocity  of  blood-flow.     See  Circula- 
tion . 
prossuro  in  blood-vessels,  502 
Venous  blood-pressures,  497 
ci.st«m,  508 
pul.se,  520 

in  brain  sinuses,  622 


Ventilation,  principles  of,  659 
Ventricle.     See  Heart. 
Veratrin,  effect  of,  on  muscle,  31 
Vemix  caseosa,  849 
Vestibular  nerve,  212 
Vestibulospinal  tract  of  spinal  cord, 

182,  233 
Vision.     See  Eye  and  Retina. 
Visual  acuity,  337 

center  in  cortex,  205 

field,  binocular,  365 


monocular,  336 
fields,    conflict    of. 


in    binoruiar 


vision,  369 
purple,  332 
Visuopsychic  cortex,  228 
Visuosensory  cortex,  228 
Vital  capacity,  645 
Volume  curve  of  heart,  540 
Voluntar>'  muscular  contractions,  45 
Vomiting,  724 


Walleriak  degeneration,  V2o,  166 

Warm  spots  of  skin,  275 

Water,  absorption  of,  in  stomach,  773 

excretion  of,  839 

rigor,  55 
Weber-Fechner  law,  270 
Wharton's  duct,  740 
Wirsung,  duct  of,  775 
Work  done  by  contracting  muscle,  39 


Xanthin,  64,  833 

oxidase,  835,  883 
Xanthoproteic  reaction  for  iirotcins, 

989 


Zymogen,  737 

granules,  749 
Zymoids,  734 
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W.  B.  SAUNDERS   COMPANY 

925  WALNUT  STREET  PHILADELPHIA 

9,  HENRIETTA  STREET      COVENT  GARDEN.  LONDON 


SAUNDERS'    REMARKABLE    SUCCESS 

WE  are  often  asked  to  account  for  our  extraordinary  success. 
We  can  but  point  to  modern  business  niethods,  carefully  per- 
fected business  machinery,  and  unrivalled  facilities  for  distribution  of 
books.  Every  department  is  so  organized  that  the  greatest  possible 
amount  of  work  is  produced  with  the  least  waste  of  energy.  The 
representatives  of  the  firm  are  men  with  life-long  experience  in  the 
sale  of  medical  books.  Then,  too,  we  must  not  overlook  that  major 
force  in  the  modern  business  world — advertising.  We  have  a  special 
department  devoted  entirely  to  the  planning,  writing,  and  placing  of 
advertising  matter;  and  we  might  mention  that  the  money  annually 
spent  in  advertising  now  far  exceeds  the  entire  annual  receipts  of  the 
House  during  its  earlier  years.  These  extraordinary  facilities  for  dis- 
posing of  large  editions  enable  us  to  devote  a  large  amount  of  money 
to  the  perfecting  of  every  detail  in  the  manufacture  of  books. 

A  Complete  CAt&logue  of  our  PubUc«tions  will  be  Sent  upon  RequMt 
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Cotton's 

Dislocations    anZ    Joint    F^ractures 

Dislocations  and  Joint  Fractures.  By  Frederic  Jav  Cotton,  M.  D,  i 
First  Assistant  Surgeon  to  the  Boston  City  Hospital.  Octavo  of  6541 
pages,  with  1 201  original  illustrations.  Cloth,  $6.00  net ;  Half  Morocco,] 
$7.^0  net 

TWO  PRINTINGS  IN  CIGHT  MONTHS 

Dr.  Cotton's  clinical  and  teaching  experience  in  this  field  has  especially  find  1 
him  10  write  a  practical  work  on  this  subject.  He  has  written  a  book  clear  and.! 
definite  in  style,  systematic  in  presentation,  and  accurate  in  statement,  flit] 
illustrations  possess  the  feature  of  showinjj  just  those  points  the  author  wishes  tO] 
emplia.size.     This  is  made  possible  because  the  author  is  himself  the  artist. 

Boston  Medical  and  Surreal  Journal 

"  The  work  is  delightful,  -.pirited,  schoUrly,  »nd  original,  an«l  is  not  only  a  book  of  1 
ence,  but  a  book  for  casual  reading,     Ii  brings  the  subject  up  to  date,  ii  feat  iMUg  ncglcct«<l.'' 


Kemp  on 
Stomach  and  Intestines 

Diseases  of  the  Stomach  and  Intestines.     By  Robert  Colem 
Kemp,    M.  D,,    Professor   of  Gastro-inte.stinal    Diseases   at   the    N' 
York  School  of  Clinical  Medicine.     Octavo  of  766  pages,  with  2J 
illustrations.  Cloth,  ;g6.oo  net;  Half  Morocco,  $7.50  n< 

FOUR  PRINTINGS  IN  riFTC£N  MONTHS 

Of  the  many  works  on  gastro-intestinal  diseases,  this  is  perhaps  the  only  01 
in  which  the  needs  of  the  jjeneral  jiractitioner  are  given  pre-eminent  eroph. 
It  is  the  practitioner  who  first  meets  with  these  cases,  and  it  is  he  upon  whom  tH 
burden  of  diagnosis  rests.  After  the  diagnosis  is  established,  the  practitioner, 
properly  equipped,  could  frequently  treat  the  case  himself  instead  of  transfeni; 
it  to  a  specialist.  This  work  is  intended  to  equip  the  practitioner  with  this  end 
view.  Auio-intoxkation  has  been  given  unusual  attention.  Typhoid  fever 
also  included  because  of  its  local  manifestations. 

The  Therapeutic  Gazette 

"The  lherapeu\\c «.dvke  viVv'\c\v  is  giveTv  is  cxccllcut.     Methods  of  physical  and  cheltiti 
examinations  are  ade«\ua\e\>j  aad  corc*<:\\>(  AevirJotei;' 
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Gynecology  and  Abdominal  Surgery.  Edited  by  Howard  A. 
Kelly,  M,  D.,  Professor  of  Gynecology  in  Johns  Hopkins  University; 
and  Charles  P.  Noble,  M.  D.,  Clinical  Professor  of  Gynecology  in  the 
Woman's  Medical  College,  Philadelphia.  Two  imperial  octavo  volumes 
of  950  pages  each,  containing  880  original  illustrations,  some  in  colors. 
Per  volume:  Cloth,  ;$8.oo  net-  Half  Morocco,  $9.50  net. 

BOTH    VOLUMES    NOW    READY 

WITH  880  ILLUSTRATIONS   BY  HERMANN    BECKER  AND  MAX  BRSdEL 

In  view  of  the  intimate  association  of  gynecology  witli  abdominal  surgery  the 
editors  have  combined  these  two  important  subjects  in  one  work.  For  this  reason 
the  work  will  be  doubly  valuable,  for  not  only  the  gynecologist  and  general  prac- 
dtioner  will  find  it  an  exhaustive  treatise,  but  the  surgeon  also  will  find  here  the 
latest  technic  of  the  various  abdominal  operations.  It  possesses  a  number  of 
valuable  features  not  to  be  found  in  any  other  publication  covering  the  same  fields. 
It  contains  a  chapter  upon  the  bacteriology  and  one  upon  llie  pathology  of  gyne-» 
cology,  dealing  fully  with  the  scientific  basis  of  gynecology.  In  no  other  work 
can  this  information,  prepared  by  specialists,  be  found  as  separate  chapters. 
There  is  a  large  chapter  devoted  entirely  to  medical  gynecology,  written  especially 
for  the  physician  engaged  in  general  practice.  Heretofore  the  general  practi* 
tioner  was  compelled  to  search  through  an  entire  work  in  order  to  obtain  the  in^ 
formation  desired.  Abdominal  surgery  proper,  as  distinct  from  gynecology,  is 
fully  treated,  embracing  operations  upon  the  stomach,  upon  the  intestines,  upon 
the  liver  and  bile-ducts,  upon  the  pancreas  and  spleen,  upon  the  kidneys,  ureter, 
bladder,  and  the  peritoneum.  The  illustrations  are  truly  magnificent,  being  the 
work  of  Mr.  Hermann  Baktr  and  Mr.  Max  Brlidel, 

American  Journal  of  the  Medical  Sciences 

"It  is  needless  to  sny  th.it  the  work  has  been  thoroughly  done  ;  the  names  of  the  author 
and  editors  would  guarantee  this,  but  much  maybe  said  iti  praise  of  the  method  of  prMcntation,^ 
and  attention  m.iy  be  called  to  the  inclusion  of  matter  not  to  be  found  ekcwhera," 


Mumford*s 
Practice  of   Surgery 

The  Practice  of  Surgery.  By  James  G.  Mumford,  M.  D..  In- 
structor in  Surgery,  Har\'ard  Medical  School.  Octavo  of  1015  pages, 
with  682  illustrations.     Cloth,  ^7.00  net;  Half  Morocco,  ^8.50  net. 

DIFFCRCNT  FkOM  OTHER  SURGERIES 

This,  as  its  title  implies,  is  a  work  on  the  clinical  side  of  surgery — surgery  ill 

it  is  seen  at  the  bedside,  in  the  accident  ward,  and  in  the  operating  room.     It  w^ 

presses  the   matured  outgrowth  of  twenty  years  of  active  hospital  and  private 

surgical  practice,  together  with  the  experience  gained  from  cHnical  teaching,  clasi' 

room  discussions,  and  lectures. 

John  B.  Murphy.  M.D.,  Profeisor  of  Surgery.  Norik-UKitern  MedUal  School.  CkUage, 

"  This  work  truly  represents  Dr.  Miiraford's  intellectu.-il  capacity  atid  scope,  and 
in  a  terse,  forceful,  yet  pleasing  manner,  the  live  surgical  topics  of  the  day.     It  win  every  j 
ticular  up  to  date,  and  shows  that  rare  quality  of  accentuating  the  essential  and  omittiog  ' 

>innece!iS.iry,  " 


DaCosta's  Modern  Surgei 

Modem  Surgery — General  and  Operative.     By  John  Chalmix 
DaCosta,  M.  D.,  Samuel   D.  Gross    Professor  of  Surger>',  Jeffersi 
Medical   CoIleo;e,  Philadelphia.     Octavo  of  i  502  pages,  with  966  ill' 
trations.     Cloth,  $5.50  net;  Half  Morocco,  $7.00  net. 

NEW    («th)    EDITION— INCREASED  TO    1500    PAGES 

A  surgery,  to  be  of  the  maxtmuin  value,  must  be  up  to  date,  must  be  co 
plete,  must  have  behind  its  statements  the  sure  authority  of  experience,  must  be 
^_        arranged  that  it  can  be  consulted  quickly;  in  a  word,  it  must  be  practical 
^P       dependable.     Such  a  surgery  is  DaCosU's.     Always  an  excellent  work,  for 
^^        edition  it  has  been  very  materially  improved  by  the  addition  of  new  matter  to  1 

I  extent  of  over   2c»  pages  and  by  a  most  thorough  revision   of  the  old  matti 
Many  old  cuts  have  been  replaced  by  new  ones,  and  nearly  100  additional  illi 
nations  have  been  added.     Notwithstanding  this  large  addition  of  matter,  tl 
^rice  has  not  been  increased. 
Rui 
autl 
mar 


Rudolph  MatM,  M.  D..  Profetior  of  Smrgtry,  Tulane  IMiverxily  of  Lcuitiama. 

"  This  edition  is  destined  to  rank  as  high  as  its  predecessors,  which  have  placed  the  I 
author  in  the  (bic  of  text-book  writers.    The  more  I  scrutinize  its  pages  the  more  I  admire 
marrelous  capacity  of  ^e  a\i\.\voT  \o  eomv^ess  k>  tcoh^  Vw>'«^«d^  in  so  small  a  space." 
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SCRGER  Y  AND  ANA  TOAfY 


Sc\idder*s 
Treatment  of  Fractures 

WITH  NOTES  ON  DISLOCATIONS 

The  Treatment  of  Fractures :  with  Notes  on  a  few  Common 
Dislocations.  By  Charles  L.  Scudder,  M.D.,  Surgeon  to  the  Massa- 
chusetts General  Hospital,  Boston.  Octavo  of  708  pages,  with  990 
original  illustrations.  Polished  Buckram,  56.00  net;  Half  Morocco, 
$7.S^  net 

JUST  READY— THE  NEW  (7th)  EDITION 
OVER  33,500  COPIES 


The  fact  that  this  work  has  attained  a  seventh  edition  indicates  its  practical 
value.  In  this  edition  Dr.  Scudder  has  made  numerous  additions  throughout 
the  text,  and  has  added  many  new  illustrations,  greatly  enhancing  the  value  of 
the  work.  In  every  way  this  new  edition  reflects  the  very  latest  advances  in  the 
ueatment  of  fractures. 

Joieph  D,  Biy&nt,  M.D.,  Pra/esstrr  of  the  Principles  and  Prattite  of  Surgery,  UnivtrtUy 

and  Belln'ue  Hospital  Medical  College. 

"As  a  practical  dernonstration  of  the  topic  it  is  excellent,  and  u  an  ezwnple  of  booknuUni 

it  i&  highly  coaimcadable." 


Bickham's  Operative  Surgery 

A  Text-Book  of  Operative  Surgery.  By  Warren  Stone  Bickham, 
M.D.,  of  New  York.  Octavo  of  1200  pages,  with  854  original  illustra- 
tions.    Cioth,  $6.50  net ;  Half  Morocco,  $8.00  net. 

THE   NEW    (3d)  EDITION 

This  absolutely  new  work  completely  covers  the  surgical  anatomy  and  opera- 
tive technic  involved  in  the  operations  of  general  surgery.  The  practicability  nt 
the  work  is  particularly  emphasized  in  the  854  magnificent  illustrations  which  form 
a  useful  and  striking  feature. 

Boston  Medical  and  Sur{<>cal  Joatnal 

1  "  The  bool;  is  a  valuable  contribution  «o  the  literature  of  operatire  surgery.     It  represents 

I       a  TBSt  amount  of  careful  work  and  technical  knowledge  on  the  part  of  the  author.     For  the  sur- 
I      feon  In  actiTe  pimctioe  or  (be  isiiruclor  of  surgery,  it  is  an  unusually  good  reriew  of  the  subject' 
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Sisson's 
Veterinary   Anatom 

Text-Book  of  Veterinary  Anatomy.     By  Septimus  Sisson,  S, 
V.  S.,  Professor  of  Comparative  Anatomy  in  Ohio  State  University. 
Octavo  volume  of  826  pages,  with  588  illustrations,  mostly  originai 
and  many  in  colors.     Cloth,  ^7.cx:)  net;  Half  Morocco,  J8.50  net 
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WITH  SUPERB  ILLUSTRATIONS 

This  is  a  clear  and  concise  statement  of  the  essential  facts  regarding  the 
structure  of  the  principal  domesticated  animals,  containing  many  hitherto  unpub- 
lished  data  resulting  from  the  detailed  study  of  formalin-hardened  subjects  u4fl 
frozen  sections.  Nearly  all  of  the  illustrations  are  original,  the  majority  bemj 
reproduced  from  photographs,  and  colors  frequertly  used.  The  terminology  has 
been  carefully  revised  with  reference  to  the  B.  N.  A.  and  the  nomenclati 
adopted  by  European  comparative  anatomists. 
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Boaton  Medical  and  Surgic&l  Journal 

"  II  IS  not  amiss  to  say  that  the  work  ranks  with  the  best.     A  marked  advance  ia  En|;M 
veterinary  literature,  upon  which  student  and  practitioner  may  well  congratulate  themselrcs 
and  no  medical  school  c.in  afford  to  be  without.     It  is  an  exhaustive  gross  anatoray  of 
horse,  ox,  pig,  and  dog,  including  the  splanchnology  of  the  sheep." 
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Gant  on  Constipation  and 
Intestinal  Obstruction  J 

Constipation  and  Intestinal  Obstruction.  By  Samuel  G.  Ga^I 
M.  D.,  Professor  of  Diseases  of  the  Rectum  and  Anus,  New  Yori 
Post-Graduate  Medical  School  and  Hospital.  Octavo  of  559  pagel 
with  250  originali  illustrations.  Cloth,  $6.00  net ;  Half  Morocco,  $7.5one 

INCLUDING  RECTUM  AND  ANUS 

In  this  work  the  consideration  given  to  the  medical  treatment  of  constipatti 
is  unusually  extensive.  The  practitioner  will  End  of  great  assistance  llie  chapl 
devoted  to  formulas.     The  descriptions  of  the  operative  procediues  are  concM 

yet  fully  explicit. 

TIm  Proctolo^ 

"Were  the  profession  better  posted  on  the  contents  of  this  book  there 
be  less  sufTering  from  the  ill  effects  of  constipation.     We  congratulate  the  «ut 
on  this  most  complete  book." 


Moynihan*s 
Abdominal  Operations 


Abdominal  Operations.  By  B.  G.  A.  Moynihan,  M.S.  (Lokd.), 
F.  R.  C.  S.,  Leeds,  England.  Octavo,  beautifully  illustrated  Cloth, 
#7.00  net ;  Half  Morocco,  $8.50  net 

^  THE    NEW    (2d)    EDITION 

It  has  been  said  of  Mr.  Moynihan  that  in  describing  details  of  operations  he 
b  at  his  best.  The  appearance  of  this,  his  latest  work,  therefore,  will  be  widely 
welcomed  by  the  medical  profession,  giving,  as  it  does,  in  most  clear  and  exact 
language,  not  only  the  actual  motfus  operandi  of  the  various  abdominal  operations,, 
but  also  the  preliminary  technic  of  preparation  and  sterilization. 

Edward  Mutin,  M.  D. 

Prc/esst^r  cf  CiinUiti  Surgery,  UHiversity  of  Ptuniylvania 

"  It  is  a  wonderfully  good  boo  It.  He  has  achieved  complete  success  in  ilbistroAiBg,  botik 
\yj  words  and  pictures,  the  best  technic  of  the  abdominal  operations  now  coaiJTioDj,y  performed." 
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Moynihan  on  Gall-stones    \ 

QaI]-Stones  and  Their  Surgical  Treatroeut. — By  B.  G.  A.  Moyni- 
han, M.  S.  (London),  F.  R.  C.  S.,  Leeds,  England.     Octavo  of  458  f)ages^ 
illustrated.     Cloth,  $^.OQ  net;  Half  Morocco,  56.50  net. 
THE  NEW  (2d)  EDITION 

Mr.  Moynihan,  in  revising  his  book,  has  made  many  additions  to  the  text,  so 
as  to  include  the  most  recent  advances.  Especial  attention  has  been  given  to  a 
detailed  description  of  the  early  symptoms  in  cholelithiasis,  enabHng  a  diagnosis 
to  be  made  in  the  stage  in  which  surgical  treatment  can  be  most  safely  adopted. 

Britiih  Medical  Journal 

"  He  expresses  his  views  with  admirable  clearness,  and  he  supports  them  by  a  large  num- 
ber of  clinical  examples,  which  wiU  be  raucb  priied  by  those  who  know  the  difficult  problems 
and  tasks  which  gall-stone  surgery  not  infrttjuenfljf  prescatt." 


Moynihan's  Pathology  of  the  Living 

The  Pathology  of  the  Living  and  Other  Essays — By  B    G.  A. 

Moynihan,  M.  S.  (London),  F".  R.  C.  S.     i2mo  of  260  pages*     $2.00  net 

These  addresses  and  papers  deal  with  those  surgical  stibjects  wpon  which  Mr. 

Moynihan  is  an  authority.     The  underlying  theme  of  all  of  them  is  the  vastly  greater 

vaJue  of  operating-room  findings  as  compared  with  those  of  the  postmortem  room. 
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Cisendrath's 
Surgical  Diag'nosis 

A  Text-Book  of  Surgical  Diagnosis.     By    Daniel  N.  Eisendratb,! 
M.D.,  Professor  of  Surgery  in  the  College  of  Physicians  and  Surgeona,j 
Chicago.     Octavo  of  885  pages,  with  574  entirely  new  and  original 
text-illustrations  and   some   colored  plates.     Cloth,  $6.50  net;    Half 
Morocco,  ^8.00  net. 

THE  NEW  (2d)  EDITION 

Of  first  importance  in  every  surgical  condition  is  a  correct  diagnosis,  for  upottl 

this  depends  the  treatment  to  be  pursued  ;  and  the  two — diagnosis  and  treatment- 
constitute  the  most  practical  part  of  practical  surgerj'.     Dr.  Eisendrath  lakes  up] 
each  disease  and  injury  amenable  to  surgical  treatment,  and  sets  forth  the  meaj»] 
of  correct  diagnosis  in  a  systematic  and  comprehensive  way.      Definite  directic 
as  to  methods  of  examination  are  presented  clearly  and  concisely,  providing  foi 
all  contingencies   that  might    arise   in   any   given   case.     Each   illustration  ind 
cates  precisely  how  to  diagnose  the  condition  considered. 

Surgery,  Gynecolo^,  and  Obttetrici 

•'Tlic  book  is  one  which  is  well  adapted  to  the  uses  of  the  practising  surgeon  who  desirei 
infortnation  concisely  and  accurately  given.  .  .  .  Nothing  of  diagnostic  importajnce  is  omilted, 
yet  the  author  does  not  run  into  endless  detail." 


£isendrath's  Clinical  Anatomy 

A  Text-Book  ol  Clinica]  Anatomy.     By  Daniel  N.  Eisendrat: 
A.B.,  M.D.J  Professor  of  Surgery  in  the  College  of  Physicians  an«| 
Surgeons,  Chicago.     Octavo  of  535  pages,  illustrated.     Cloth,  $$ 
net ;  Half  Morocco,  $6.50  net. 

THE   NEW  (2d)   EDITION 

This  new  anatomy  discusses  the  subject  from  the  clinical  standpoint.       A 
tion  of  each  chapter  is  devoted  to  the  examination  of  the  hving  through   palj>atii 
and  marking   of  surface   outlines    of     landmarks,   vessels,    nerves,    thoracic 
abdominal   viscera.      The  illustrations  are  from  new  and  original  drawings 
photographs.     This  edition  has  been  carefully  revised. 

Medical  R«cord.  New  York 

•'  A  special  recommendation  for  the  figures  is  that  they  are  mostly   originiU    and   i 
made  for  the  purpose  in  view.     The  sections  of  joint*  and  trunlts  are  those  of  fonnalinis 
oadavers  and  are  unimpeachable  in  accuracy." 
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Schultze  and  Stewart's 
Topographic  Anatomy 

Atias  and  Text-Book  of  Topographic  and  Applied  Anatomy.     By 

Prof.  Dr.  O.  Schultze,  of  Wiirzburg.  Edited,  with  additions,  by 
George  D.  Stewart,  M.D.,  Professor  of  Anatomy  and  Clinical  Sur- 
gery, University  and  Bellevue  Hospital  Medical  College,  N.  Y.  Large 
quarto  of  i8g  pages,  with  25  colored  figures  on  22  colored  lithographic 
plates,  and  89  text-cuts,  60  in  colors.     Cloth,  iSS.So  net 

Arthur  Dean  Bevan.  M.  D..  Professor  0/ Surgery  in  XusA  Medital  Colltge,  Chitago. 

•■  I  rrt;,vi!l  Slim  i.t-    itnl  Sicwari's  T<->poc;r.iphiL-  iind  Applird  Analomy  as  a  very  admirable 
work,  for  students  espi-cially,  and  I  Aud  ibe  plates  and  the  text  excellent." 


Sobotta  and  McMurrich's 
Human  Anatomy 


^ 


Atlas  and  Text-Book  of  Human  Anatomy.  In  Three  Volumes.  By 
J.  StiBOTTA,  M.D.,  of  WUrzburg.  Edited,  with  additions,  by  J.  Playfair 
McMuRRicH,  A.  M,,  Ph.  D.,  Professor  of  Anatomy,  University  of 
Toronto,  Canada.  Three  large  quartos,  each  containing  about  250 
pages  of  text  and  over  300  illustrations,  mostly  in  colors.  Per  volume : 
Cloth,  ^6.00  net ;  Half  Morocco,  ^7.50  net. 

VOLUME    III    NOW    RCADY^COMPLETING    THE    WORK 

The  great  advantage  of  this  over  other  similar  works  lies  in  the  large  number 
of  magnificent  lithographic  plates  which  it  contains,  without  question  the  best  that 
have  ever  been  produced  in  this  field.  They  are  accurate  and  beautiful  reproduc* 
tions  of  the  various  anatomic  parts  represented. 

Edward  MaJtin,  M.D.,  Professor  of  Clinica/  Sitrgery,  University  of  Pennsylvania. 

"This  is  R  piece  of  bookmaking  wfaich  is  truly  admirable,  with  plates  aad  text  so  woU 
chosen  and  so  clear  that  the  work  is  most  useful  to  the  practising  surgeon." 


Morris'  Dawn  of  the  Fourth  Era  in  Stirgery 

Dawn  or  the  Fourth  Era  in  Surgerv  and  Other  Artict.ks.  By 
Robert  T.  Morris,  M.  D.,  Professor  of  Surgery,  New  York  Post- 
Graduate  Medical  School  and  Hospital.  lamo  of  145  pages,  illustrated. 
11,35  "^^^ 
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Bier*s 
Hyperemic  Treatment 

By  WILLY  MEYER.  M.  D..  and  Prof.  V.  SCHMIEDEN 


Bier's  Hyperemic  Treatment  in  Surgery,  Medicine,  and  the  Special* 
ties:  A  Manual  of  its  Practical  Application.     By  Willy  Meyer,  M.  D 
Professor  of  Surgery  at  the  New  York  Post-Graduate  Medical  School 
and  Hospital;  and  Prof.  Dr.  Victor  Schmieden.  Assistant  to  ProC 
Bier,   University  of  Berlin,   Germany.      Octavo  of  280  pages 
original  illustrations.     Cloth,  ^3.00  net 

NEW  (2d)  EDITION-FOR  THE  PRACTITIONER 

For  the  practitioner  this  work  has  a  particular  value,  because  it  gives 
attention  to  the  hyperemic  treatment  of  those  conditions  with  which  he  come*  in 
daily  contact.  Yet  the  needs  of  the  mrgeon  and  the  specialist  have  not,  by  any 
means,  been  neglected.  The  work  is  not  a  translation,  but  an  entirely  original 
book,  by  Dr.  Willy  Meyer,  who  has  practised  the  treatment  for  the  past  fifteen 
years,  and  Prof.  Schmieden,  Professor  Bier's  assistant  at  Berbn  University.  1b 
the  (irst  part  the  three  methods  of  inducing  hyperemia  are  described;  in  the  second, 
are  taken  up  the  details  of  application. 

New  York  State  Journal  of  Medicine 

"  We  coii^iiJiL-nd  tills  work  to  all  tbo&e  who  are  interested  in  the  treatment  of  infectioii^ 
either  acute  or  chronic,  lor  it  is  the  only  authoritative  treatise  we  have  in  the  English  laoguage/ 


Campbeirs  Surgical  Anatomy 

A  Text-Book  of  Surgical  Anatomy.     By  William  Francis  Camp* 

BELL,  M.  D.,  Professor  of  Anatomy,  Long  Island  College  Hospital 
Octavo  of  675  pages,  with  319  original  illustrations.  Cloth,  ^5.00  net; 
Half  Morocco,  ^.50  net. 


THE  NEW  (2d)  EDITION 
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The  first  aim  in  the  preparation  of  this  original  work  was  to  emphasise 
practical.     It  is  in  the  fullest  sense  an  applied  anatomy — an  anatomy  that  will 
of  inestimable  value  to  the  surgeon  because  only  those  facts  are  discussed  and 
only  those  structures  and  regions  emphasized  that  have  a  peculiar  interest  to  him- 
Dr.  Campbell  has  treated  his  subject  in  a  very  systematic  way.     The  magnifici 
original  illustrations  will  be  found  extremely  practical. 

Boston  Medical  and  Surgical  Journal 

"The  author  has  an  excellent  command  of  his  subject,  and  treats  it  with  the  freedom 
Ifae  conviction  of  the  experienced  anatomist.     He  is  also  an  admirable  cUniciaa." 
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Preiswerk  and  Warren's  Dentistry 

Atlas  and  EpHorae  of  Dantistry.  By  Prof.  G.  Preiswerk,  of  Basil.  Ed- 
ited, with  additioDs,  by  George  W.  Warren, D.D.S., Professor  of  Operative 
Dentistry,  Peansylvania  College  of  Dental  Surgery,  Philadelphia.  With  44 
lithc^raphic  plates,  152  text-cuts,  and  343  pages  of  text  Cloth,  I3.50  net 
In  Saundsrs'  Atlas  Strus. 

"  Nowhere  in  dental  Uttrature  hare  we  ever  seen  illaatradoiu  which  can  begin  to  compare 
wi  A  the  exqunite  colored  plates  produced  ia  this  volome." — Dental  XevUw. 

GrifBth's  Hand-Book  of  Surgery 

A  Manual  of  Surgery.  By  Frederic  R.  Griffith,  M.  D..  Surgeon  to  die 
Bellevue  Dispensary,  New  York  City.  i2mo  of '5 79  pages,  with  4l7illus-' 
trations.  Flexible  leather.  $2.00  net 

"  W«ll  adapted  to  the  needs  of  the  etudeat  aad  to  the  buy  ptactitioaer  for  a  hasty  review  of  impottaM 
poiaH  in  Mrgery." — Amtritmn  Mtdiiim*. 

Keen's  Addresses  and  Other  Papers 

Addresses  and  Other  Papers.  Delivered  by  William  W.  Keen,  M,  b., 
LL.D.,  F.  R.  C.  S.  (Hon.),  Professor  of  the  Principles  of  Sui^ery  and  of  Clin- 
ical Surgery,  Jefferson  Medical  College,  Philadelphia.  Octavo  volume  of 
441  pages,  illustrated.  Cloth,  $3.75  net 

Keen  on  the  Surgery  of  Typhoid 

The  Surgical  Complications  aad  Sequais  of  Typhoid  Fever.  By  Wm.  W. 
Keen.  M.D.,  LL.D.,  F.R.C.S.  (Hon.),  Professor  of  the  Principles  of  Surgery 
and  of  Clinical  Surgery,  Jefferson  Medical  College,  Philadelphia,  etc 
Octavo  volume  of  386  pagas,  illustrated.  Qoth,  f  3.00  net. 

"  Every  surgical  Incident  which  can  occor  during  or  after  typhoid  fever  ia  amply  discussed  and  fully 
illustrated  by  cases.  .  .  .  The  boolc  will  be  useful  both  to  the  surgeon  and  physician." —  Tk* 
PractUiontr,  LondoH. 

Gould's  Operations  on  Intestines  and  Stomach 

The  Technlc  fA  Operatioiis  Upon  the  intestines  and  Stomach.  By  Al- 
fred H.  Gould,  M.  D.,  of  Boston.  Large  octavo,  with  190  original  illustra- 
tions, some  in  colors.     Cloth,  ^5.00  net;  Half  Morocco,  I6.50  net. 

"  The  illustrations  are  so  good  that  one'scarcely  needs  the  text  to  elucidate  the  steps  of  the  operations 
described.  The  work  represents  the  best  surgical  knowledge  and  skill."— AVtv  York  Stati  JounuU^ 
Mtdicint. 

McClellan's  Art  Anatomy 

Anatomy  in  Its  Relation  to  Art.  By  George  McClellan,  M.  D.  ,  Professor 
of  Anatomy,  Pennsylvania  Academy  of  the  Fine  Arts.  Quarto  volume,  9  by 
12^  inches,  with  338  original  drawings  and  photographs,  and  260  pages  ol 
text     Dark  blue  vellum,  |io.oonet;  Half  Russia,  Si  2. 50  net. 
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Haiynes*  Anatomy 

A  Manual  of  Anatomy.    By  Irving  S.  Haynes,  M.D.,  Professor  of  Pr«e» 

tical  Anatomy,  Cornell  University  Medical  College.     Octavo.  680  pages,] 
with  42  diagrams  and  134  full-page  half-tones.  Cloth.  I2.5Q  net ' 


America.!!  Pocket  Dictionary 


Juit  Rmiy 
New  (7th)  Ediboa 

The  American  Pocket  Medical  Dictionary.    Edited  by  W.  A.  Newmas 

iJoRLAND,  A.  M. ,  M.  D,,  Editor  •'  American  Illustrated  Medical  Dictionary.' 
610  pages.      F'ull  leather,   limp,   with  gold  edges,  f  i.oo  net  ;    with  patesf 
thumb  index,  $1.25  net. 

Grant  on  Face,  Mouth,  and  Jaws 

A  Text- Book  of  the  Surgical  Principles  and  Surgical  Diseases  of  tht 
Face,  Mouth,  and  Jaws.     For  Dental  Students.     By  H.  Horace  Gra.m, 

A.M.,  M.D.,  Professor  of  Surgery  and  of  Clinical  Surgery,  Hospital  College 
of  Medicine.     Octavo  of  231  pages,  with  68  illustrations.       Cloth,  $2.50  neL 

Fowler's  Surgery  in  t*o  voiun^ 

A  Treatise  on  Surgery.  By  George  R.  Fowler,  M.  D.,  Emeritus  Pro 
fessor  of  Surgery,  New  York  Polyclinic.  Two  imperial  octavos  of  725  paift 
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Golebiewski  and  Bailey's  Accident  Diseases 

Atlas  and  Epitome  of  Diseases  Caused  by  Accidents.     By  Dr. 

Ed.  Golebiewski,  of  Berlin.  Edited,  with  additions,  by  Pearce  Bailey, 
M.D.  Consulting  Neurologist  to  St.  Luke's  Hospital,  New  York  City. 
With  71  colored  figures  on  40  plates,  143  text-cuts,  and  549  pages  of 
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Helferich  and  Blood^^ood  on  Fractures 

Atlas  and  Epitome  of  Traumatic  Fractures  and  Dislocations 

By  Prof.  Dr.  H.  Helferich,  of  Greifewald,  Prussia.  Edited,  with  ad- 
ditions, by  Joseph  C.  Bloodgood,  M.  D.,  Associate  in  Surgery,  Johns 
Hopkins  University,  Baltimore.  216  colored  figures  on  64  lithographic 
plates,  1 90  text-cuts,  and  353  pages  of  text.  Cloth,  I3.00  net.  In  Saun^ 
ders'  Atlas  Series. 

Sultan  and  Coley  on  Abdominal  Hernias 

Atlas  and  Epitome  of  Abdominal  Hernias.  By  Pr.  Dr.  G.  Sinv 
TAN,  of  Gottingen.  Edited,  with  additions,  by  Wm.  B.  Coley,  M.  D., 
Clinical  Lecturer  and  Instructor  in  Surgery,  Columbia  University,  New 
York.  119  illustrations,  36  in  colors,  and  277  pages  of  text.  Cloth, 
^3.00  net.     In  Saunders"  Hand-Atlas  Series. 
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Surgical  Pathology  and  Therapeutics.  By  J.  Collins  Warren, 
M.D.,  LL.D.,  F.R.C.S.  (Hon.),  Professor  of  Surgery,  Har\'ard  Medical 
School.  Octavo,  873  pages;  136  illustrations,  33  in  colors.  Cloth, 
$5.00  net;  Half  Morocco,  $6.50  net. 
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Atlas  and  Epitome  of  Operative  Surgery.  By  Dr.  O.  Zucker- 
kandl, of  Vienna.  Edited,  with  additions,  by  J.  Chalmers  DaCosta, 
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A  M—imI  of  Orthopetfc  SarcMy.  By  James  E.  Mooke.  M.D.,  Profea* 
ofCMnical  SiHigery,  Umversky  of  Minnesota,  CoU^e  of  Medkine  and  Svrgaj. 
Octavo  of  356  pages,  lundMmely  fllnstrated.  Qoth.  ^2.50  net 
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Surgeon  to  the  Gennan   Ho^ital,   Brooklyn,  New  York.     Octavo  of  284 

pages,  illustrated.  Qoth,  %i..oo  net 
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Essentials  of  Sorgery.  Conaining  also  Venereal  Diseases.  St;rpcal  Lar.d- 
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